Figure 3.1.5.4. Wind direction and solar radiation 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 3.1.5.5. Inlet air and stack gas temperatures, 25 August 92.
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Figure 3.1.5.6. Conveyor speed and stack gas velocity, 256 August 92.

Fuel Type: Rice Straw Test Date 25-Aug-92
Configuration: CEWF
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Figure 3.1.5.7. Conveyor speed with 10 min moving average, 25 August 82.

Fuel Type: Rice Straw Test Date 25-Aug-92
Configuration: CEWF
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Figure 3.1.5.8. Conveyor travel, 25 August 92.

Fuel Type: Rice Straw Test Date 25-Aug-92
Configuration: CEWF
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Table 3.1.6.1

Fuel and Ash Analyses

Run Date 2-Sep-92 2-Sep-92 2-Sep-92 2-Sep-92
Fuel Type Rice Straw Rice Straw Rice Straw  Rice Straw
Sample Type Fuel Fuel Ash Ash
’ Type 1 Type 2 Type 1 Type 2
Ultimate Analysis
(% dry weight)
c 39.94 39.06 12.65 8.46
H 5.46 5.33 0.77 0.54
N 0.53 0.65 0.52 0.20
Elemental Analysis
(% by weight dry basis)
N 0.67 0.73 0.44 0.38
P 0.07 0.06 0.28 0.26
K . 215 0.85 9.03 317
Ca 0.31 0.31 1.36 1.40
Mg 0.30 0.18 0.99 0.68
Na 0.22 0.08 0.72 0.46
Cl . 0.96 0.22 3.09 0.70
(mg/kg dry weight)
S 1,090 805 2,100 1,470
B 50 7 151 21
Zn 22 26 71 92
Mn ' 735 737 3,240 3,410
Fe 279 209 1,160 1,440
Cu 8 13 13 12
Si
Total (% dry weight} 50.30 47.00 30.00 16.69
Proximate Analysis
(% dry weight)
Ash . 16.62 17.18 80.05 85.21
Volatiles 68.93 70.54 13.60 10.16
Fixed Carbon 14.44 12.28 6.34 4.63
Higher Heating Value
{MJ/kg dry weight) 15.8597 15,7993 4.1775 2.7824

Type 1 straw: 1987 crop year in large rectangular bales.
Type 2 straw: 1991 crop year in small rectangular bales.



Table 3.1.6.2. Operating conditions and concentrations, rice straw, 2 September 82.

Fuel: Rice Straw Dats of Test: 2-Sep-92
Configuration: CEWF
Type 1 Type 2
Fuel Loading Rate (g/sq.m w.b.): 618 635
Total Fuel Consumption (kg w.b.) 445 74.9
Total Ash Recovered (kg w.b.) 8.9 13.8
Ash Fraction (w.b.) 0.20 0.18
Type 1 Type 2
Traverse 1 Traverse 2 Traverse 3 Traverse 4
Mean Values
Air Temperature (°C) 17.87 21.35 26.54 28.86
Air Relative Humidity (%) 79.16 67.38 50.21 41.77
inlet Air Temperature (°C) 21.08 24.27 29.13 31.45
Stack Temperature (°C) 26.37 32.07 43.69 42,79
Impinger Outlet Temperature (°C) 13.59 16.00 17.41 16.56
Fire Spreading Rate (m/min) 0.37 0.43 0.71 0.55
Stack Gas Velocity (m/s) 295 3.11 3.96 349
Gas and PM Concentrations (less background)
CO (ppmv) 45.15 40.33 40.00 55.35
NO (ppmv) 0.66 0.87 2.06 1.49
NOx (ppmv) 0.96 1.21 2.63 1.98
S02 (ppmv) 0.16 0.21 0.36 0.28
THC (ppmv as CH4) 855 4.53 4.33 5.41
HC (ppmv as CH4 by GC) 3.28 T 348 333 347
CH4 (ppmv) 1.75 1.76 2.08 1.86
NMHC (ppmv as CH4) 6.80 2.7 225 3.55
‘NMHC (ppmv as CH4, by GC) 1.53 1.70 1.25 1.61
CO2 (ppmv by GC) 501 809 1,023 1,054
Tota! S (ppmv as SO2) 0.21 0.29 0.40 0.34
PM (mg/cu.m) 4.05 457 3.71 3.46
PM10 (mg/cu.m) 3.73 452 3.64 3.39
PM2.5 (mg/cu.m) 2.96 4.43 343 3.25



Table 3.1.6.3. Mass balance, rice straw, 2 September 92

Fuel: Date of Test: 2-Sep-92
Configuration: CEWF
Mass Balance
Type 1 Type 2

Traverse 1 Traverse 2 Traverse 3 Traverse 4
Total Conveyor Travel (m) 17.64 20.75 34.08 26.30
Fuel Moisture Content (% w.b.) 8.0 8.0 8.0 8.0
Fuel Loading Rate (g/sq.m d.b.) 569 569 584 584
Total Fuel Consumption (g w.b.) 13,284 15,639 26,378 20,358
Total Fuel Consumption (g d.b.) 12,231 14,388 24,267 18,729
Residual Ash (g w.b.} 2,655 3,123 4,850 3,743
Fuel Vaporized (g w.b.) 10,639 12,516 21,528 16,615
Fuel Consumption Rate (g/s w.b.) 4.62 543 9.16 7.07
Fuel Consumption Rate (g/s d.b.) 4.25 5.00 8.43 €.50
Ash Generation Rate (g/s w.b.) 0.82 1.08 1.68 1.30
Fuel Vaporization Rate (g/s w.b.) 3.69 4.35 7.47 877
Stack Gas Density (kg/cu.m) 1.1800 1.1580 1.1155 1.1187
Stack Gas Flow Rate (cu.m/s) 4.39 4.63 5.88 5.19
Stack Gas Mass Flow Rate (kg/s) 5.18 5.36 6.56 5.81
Iniet Air Mass Flow Rate (kg/s) 5.18 5.3 6.55 5.80
Overall Air-Fuel Ratio (w.b.) 1121.59 986.39 715.17 821.06
Overall Air-Fuel Ratio (d.b.) 1219.12 1072.16 777.36 892.45



Table 3.1.6.4. Emisslon factors, rice straw, 2 September 82 (Integrated basls).

Fuel: Rice Straw Date of Test: 2-Sep-92
Configuration: CEWF
Emission Factors (% fuel dry weight)
Integrated Basis
Type 1 Type 2 | Type 1 Type 2

Traverse 1 Traverse 2 Traverse 3 Traverse 4 Average Average
co 5.302 3.587 3.006 4.766 4.445 3.886
NO 0.084 0.089 0.165 0.137 0.086 0.151
NOx (as NO2) 0.186 0.191 0.324 0.278 0.188 0.301
s02 0.042 0.047 0.061 0.054 0.045 0.058
THC (as CH4) 0.575 0.213 0.185 0.267 0.394 0.226
HC (as CH4 by GC) 0.220 0.205 0.143 0171 0.213 0.157
CH4 (by GC) 0.118 0.104 0.089 0.091 0.111 0.090
NMHC (as CH4) 0.457 0.109 0.095 ' 0.175 0.283 0.135
NMHC (as CH4 by GC) 0.103 0.101 0.054 0.080 0.102 0.067
CO2 (by GC) 92.755 131.644 120.818 142.806 112.199 131.812
Total S (as SO2) 0.055 0.061 0.069 0.066 0.058 0.068
SO2/Total S 0.77 0.78 0.88 0.82 0.774 0.850
PM 0.401 0.401 0.237 0.253 0.401 0.245
PM10 0.369 0.397 0.233 0.248 0.383 0.240
PM2.5 0.293 0.389 0.220 0.238 0.341 0.229
MMAD 0.056 0.184 0.135 0.084 0.120 0.109
o 2.331 4.020 4.568 3.736



Table 3.1.6.5. Emisslon factors, rice straw, 2 September 92 (average basis).

Fuel: Rice Straw Date of Test: 2-Sep-92
Configuration: CEWF

Emission Factors (% fuel dry weight)

Average Basis

Type 1 Type 2 Type 1 Type 2

Traverse 1 Traverse 2 Traverse 3 Traverse 4 Average Average

co 5319 4178 3.008 4774 4,748 3.890
NO 0.084 0.097 0.166 0.137 0.090 0.152
NOx (as NO2) 0.186 0.206 0.325 0.280 0.196 0.302
s02 0.043 0.051 - 0.061 0.055 0.047 0.058
THC (as CH4) 0.576 0.268 0.186 0.266 0.422 0.226
HC (as CH4 by GC) 0.220 0.205 0.143 0171 0.213 0.157
CH4 (by GC) 0.118 0.104 0.089 0.091 0.111 0.090
NMHC (as CH4) 0.458 0.164 0.096 0.175 0.311 0.136
NMHC (as CH4 by GC) 0.103 0.101 0.054 0.080 0.102 0.067
CO2 (by GC) 92.755 131.644 120.818 142.806 112.199 131.812
Total S (as SO2) 0.055 0.069 0.070 0.067 0.062 0.068
S02/Total 8 0.77 0.74 0.88 0.82 0.75 0.85
PM 0.401 0.401 0.237 0.253 0.401 0.245
PM10 0.369 0.397 0.233 0.248 0.383 0.240
PM2.5 0.293 0.389 0.220 0.238 0.341 0.229
MMAD 0.056 0.184 0.135 0.084 0.120 0.109

o 2.331 4.020 4,568 3.736



Table 3.1.6.6. Carbon balance.

Date of Test:
Fuel

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 (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 (mg/cubic meter)

PM Carbon Concentration® (%)

PM Carbon (mg/cubic meter)

Stack Gas Temperature (°C)

Impinger Temperature (°C)

PM molar concentration (ppm)

Estimated Average Stack Gas Velocity (mvs)

Emission Factors (% Average Basis):
co2
.CO

THC (as CH4)

PM

Emission Factors (% Integrated Basis):
co2

co

THC (as CH4)

PM

Closure (% Average Basis)
Closure (% Integrated Basis)

2-Sep-92
Rice Straw
Type 1
Traverse 1

4.25
0.92
21.65
39.94
12.65
1.58
136.41
1.18
501
45.15
8.55
4.05
40
1.62
26.37
13.59
3.18
3.90

92.755
5.319
0.576
0.401

92.755
5.302
0.575
0.401

76
75

2-Sep-92
Rice Straw
Type 1
Traverse 2

£.00
1.08
21.60
39.94
12.65
1.86
136.43
1.16
8oe
40.33
4,53
457
40
1.83
32.07
16.00
3.61
3.05

131.644
4.178
0.268
0.401

131.644
3.587
0.213
0.401

102
101

2-Sep-92
Rice Straw
Type 2
Traverse 1

8.43
1.68
19.93
39.06
8.46
3.15
137.04
1.12
1,023
40.00
4.33
3N
40
1.48
43.69
17.41
2.85
4.29

120.818
3.006
0.186
0.237

120.818
3.006
0.185
0.237

92
92

2-Sep-92
Rice Straw
Type 2
Traverse 2

6.50
1.30
20.00
36.06
8.46
2.43
137.02
1.12
1,054
55.35
5.41
3.46
40.00
1.38
42.79
16.56
2.74
3.186

142.806
4.774
0.266
0.253

142.806
4.766
0.267
0.253

11
110

“estimated



Table 3.1.6.7. Nitrogen balance

Date of Test: 2-Sep-92  2-Sep-92° 2-Sep-92 2-Sep-92
Fuel Rice Straw Rice Straw Rice Straw Rice Straw
Type 1 Type 1 Type 2 Type 2
Nitrogen Balance
Fuel Nitroegen Concentration (% dry weight) 0.67 0.67 0.73 0.73
Ash Nitrogen Concentration (% weight) 0.44 0.44 0.38 0.38
Emission Factors (% Average Basis):
NOx (as NC2) 0.186 0.206 0.325 0.280
PM 0.401 0.401 0.237 0.253
Emission Factors (% Integrated Basis):
NOx (as NO2) - 0.186 0.191 0.324 0.278
NO3- Concentration of PM* (% weight) 02 0.2 0.2 0.200
NH4+ Concentration of PM* (% weight) 2 2 2 2.000
Nitrogen Concentration of PM (%) 1.601 1.601 1.601 1.601
Fuel Nitrogen (mg/s) 28.48 3350 61.54 47.45
Ash Nitrogen (mg/s) 4.05 475 6.38 4.94
Nitrogen as NOx (mg/s Average Basis) 2.41 3.13 8.34 5.54
Nitrogen as NOx (mg/s Integrated Basis) 2.41 2.9 8.31 5.50
Nitrogen as PM (mg/s Average Basis) 0.27 0.32 0.32 0.26
Nitrogen as NOx+PM (mg/s Average Basis) 2.68 3.46 8.66 5.80
Nitrogen as NOx+PM (mg/s Integrated Basis) 2.68 3.23 8.63 5.76
NOx+PM Nitrogen/Fuel Nitrogen (Average) 0.094 0.103 0.141% 0.122
NOx+PM Nitrogen/Fuel Nitrogen {Integrated) 0.094 0.096 0.140 0.121
Ash Nitrogen/Fue! Nitrogen 0.142 0.142 0.104 0.104
Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) 0.236 0.245 0.244 0.226
Ash+NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 0.236 0.238 0.244 0.226

*estimated



Table 3.1.6.8. Sulfur balance.
Date of Test:
Fuel

Sulfur Balance

Fuel Sulfur Concentration (mg/kg dry weight)
Ash Sulfur Concentration (mg/kg weight)

Emission Factors (% Average Basis)
S02

PM

Emission Factors (% integrated Basis)
s02

Sulfur Concentration of PM* (% weight)
Fuel! Sulfur (mg/s)

Ash Sulfur (mg/s)

Sulfur as SO2 (mg/s Average Basis)

Sulfur as SO2 (mg/s Integrated Basis)
Sulfur as PM (mg/s Average Basis)

Sulfur as SO2+PM (mg/s Average Basis)
Sulfur as SO2+PM (mg/s Integrated Basis)
S02+PM Sulfur/Fuel Sulfur (Average Basis)
S02+PM Sulfur/Fuet Sulfur (integrated Basis)
Ash Suffur/Fuel Sulfur

Closure (% Average Basis)

Closure (% Integrated Basis)

2-Sep-92
Rice Straw
Type 1

1,090
2,100

0.043
0.401

0.042

1
4.63
1.93
0.91
0.89
0.17
1.08
1.06

0.234
0.229
0.417
€5
65

2-Sep-92 2-Sep-92
Rice Straw Rice Straw

Type 1

1,090
2,100

0.051
0.401

0.047

1
5.45
2.27
1.28
1.18
0.20
1.48
1.38

0.271
0.252
0.416
€9
67

Type 2

805
1,470

0.061
0.237

0.061

1
6.79
2.47
257
2.57
0.20
2.77
2.77

0.408
0.408
0.364

77

77

2-Sep-92
Rice Straw
Type 2

805
1,470

0.055
0.253

0.054

1.000
5.23
1.91
1.79
1.76
0.16
1.95
1.92

0.373

0.367

0.365

74
73

“estimated



Table 3.1.6.8. Water balance.

Estimated Stack Humidity

Fuel Rice Straw
Configuration CEWF
Date of Test 2-Sep-92
Traverse 1 Traverse 2  Traverse 3 Traverse 4
Ambient Air Temperature °C) 18 21 27 29
Ambient Air Relative Humidity (%) 78 67 50 42
Air Temperature (K) 291 295 300 302
Saturation Pressure (Pa) 2,047 2,542 3,472 3,976
Vapor Pressure (Pa) 1,621 1,713 1,743 1,661
Air Dew Point Temperature {°C} 14.2 15.1 15.4 14.6
Ambient Volume Fraction Water Vapor 0.0160 0.0169 0.0172 0.0164
- Ambient Mass Fraction Water Vapor 0.0099 0.0105 0.0107 0.0102
Fuel Burning Rate (g/s wet basis) 4.62 5.43 9.16 7.07
Fuel Moisture Content (%) 8.0 8.0 8.0 8.0
Ash Fraction (wet basis) 0.20 0.20 0.18 0.18
Fuel Hydrogen Content (%) 5.46 5.46 5.33 5.33
Ash Hydrogen Contant (%) 0.77 0.77 0.54 0.54
Moisture Evaporated (g/s) 0.37 0.43 0.73 0.57
Water of Combustion (g/s) 2.02 2.38 3.96 3.06
Total Fuel Water Added (g/s) 2.39 2.81 4,70 3.62
Inlet Air Mass Flowrate (g/s) 5,180 5,360 6,550 5,800
Inlet Air Water Vapor Flowrate (g/s) 51 56 70 59
Total Stack Water Vapor Flowrate (g/s) 54 59 75 63
Stack Gas Mass Flowrate (g/s) 5,184 5,364 6,558 5,806
Mass Fraction Water Vapor in Stack 0.0104 0.0110 0.0114 0.0108
Volume Fraction Water Vapor in Stack 0.0167 0.0177 0.0183 0.0174
Stack Vapor Prassure (Pa) 1,695 1,797 1,858 1,761
Stack Temperature (°C) 26 32 44 43
Stack Temperature (K) 300 305 317 316
Stack Saturation Pressure (Pa) 3,437 4777 8,965 8,658
Stack Relative Humidity (%) 49 38 21 21
Stack Dew Point Temperature (°C) 14.9 15.8 16.4 15.5
Impinger Outlet Temperature (°C) 13.6 16.0 17.4 16.6
Volume Stack Gas Sampled for PM (L) 617 661 796 726
Estimated Impinger/Desiccant Weight Gain (g) 7.9 8.9 11.0 9.5
Totals:
- Estimated Measured
Total Impinger/Desiccant Weight Gain (g) 374 29.0
Estimated/Measured Weight Gain 1.29



Table 3.1.6.10. Power balance.

Date of Test:
Fuel

_Power Balance

Fuel Heating Value (MJ/kg dry weight)
Ash Heating Value (MJ/kg dry weight)
Average Energy Release Rate (kW)
Products of Incomplete 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 Temperature (°C)

Sensible Power at Top of Stack (kW)
Tunnel Dissipation (kW)

2-Sep-92

Rice Straw

Type 1

Traverse 1

15.8597
41775
63.6

23
14
0.2
59.7
49.0
5.18
26.37
21.06
27.7
32.0

15.8587
4.1775
74.8

21
0.7
0.3
1.7
58.8
5.36
32.07
24.27
42.1
29.6

2-Sep-82
Rice Straw

Type 2
Traverse 2| Traverse 1 Traverse 2

15.7993
2.7824
128.5

2.6
0.9
03
124.8
102.4
6.56
43.69
28.13
96.1
287

15.7993
2.7824
99.1

3.1
1.0
0.2
94.8
777
5.81
42.79
31.45
66.3
285



Figure 3.1.6.1. Ambient air conditions, 2 September 92.
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Figure 3.1.6.2. Air temperature and relative humidity from CIMIS station.

Fuel: Rice Straw Date of Test: 2-Sep-92
Configuration: CEWF
Hourly Average CIMIS Data for Davis, California
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Figure 3.1.6.3. Wind speed from CIM!S station,

Fuel: Rice Straw Date of Test: 2-Sep-92
Configuration: CEWF
Hourly Average CIMIS Data for Davis, California
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Figure 3.1.6.4. Wind direction and solar radiation from CIMIS station.

Fuel: Rice Straw Date of Test: 2-Sep-92
Configuration: CEWF
Hourly Average CIMIS Data for Davis, California
——O—— Wind Direction (° from N) ——{— Solar Radiation (W/sq. m)

900

800 \

700 {+

600

500 /;

400 \

7 |/ i

, ) \
200 H 5 /.r P\O/Q-—C ? >==T f
100 A LA ;
0 l—J)—O—LLr—LL'-‘J- }#{'—{»—l——d

2 4 6 8 10 12 14 16 18 20 22
Time of Day (PDST)




Figure 3.1.6.5. Inlet air, stack gas, and impinger temperatures, 2 September 82.

Fuel Type: Rice Straw Test Date 2-Sep-92
Configuration: CEWF
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Figure 3.1.6.6. Conveyor speed and stack gas velocity, 2 September 92.

Fuel Type: Rice Straw Test Date 2-Sep-92
Configuration: CEWF
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Figure 3.1.6.7. Conveyor speed with 10 min moving average, 2 September 92.

Fuel Type: Rice Straw Test Date 2-Sep-92
Configuration: CEWF
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Figure 3.1.6.8. Conveyor travel, 2 September 982.

Fuel Type: Rice Straw Test Date 2-Sep-92
Configuration: CEWF
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Figure 3.1.6.9. CO concentration in stack gas, 2 September 82.
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Figure 3.1.6.10. NO and NOx concentrations in stack gas, 2 September 92,
Test Date 2-Sep-92
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Figure 3.1.6.11. SO2 concentration in stack gas, 2 September 92.
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Figure 3.1.6.12. Total sulfur concentration in stack gas, 2 September 92.

Fuel Type: Rice Straw Test Date 2-Sep-92
Contfiguration: CEWF
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Figure 3.1.6.13. THC concentration in stack gas, 2 September 92.

Fuel Type: Rice Straw Test Date 2-Sep-92
Configuration: CEWF
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Figure 3.1.6.14. Particle size distribution, traverse 1, 2 September 92.

Fuel: Rice Straw Date of Test: 2-Sep-92
Configuration: CEWF
Particle Size Distribution
Traverse 1:
Stage ECD (um)  Weight (mg) Cum. Wt (mg) Cum. Fraction
1 13.70 0.52 3.75 1.000
2 7.67 0.5 3.23 0.861
3 4.09 0 2.73 0.728
4 2.16 0.07 2.73 0.728
5 1.25 0.07 2.66 0.709
6 0.73 0 2.59 0.691
7 0.38 0.03 2.59 0.691
fitter 0.00 2.56 2.56 0.683
1.000
|
/
0.950 /
0.900 o
s /
% 0.850
& 0.800
2 /
= 0.750 —
o
2 yd
]
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Figure’3.1.6.15. Particle size distribution, traverse 2, 2 September 92,

Fuel: Rice Straw Date of Test: 2-Sep-92
Configuration: CEWF

Particle Size Distribution
Traverse 2:

Stage ECD (um)  Weight (mg) Cum. Wt (mg) Cum. Fraction

1 1476 0.02 4.44 1,000
2 8.27 0.07 442 0.995
3 4.41 0.06 4.35 0.980
4 2.33 0.08 429 0.966
5 1.34 0.16 4.21 0.948
6 0.79 0.55 4.05 0.912
7 0.41 0.56 3.50 0.788
fier 0.00 2.94 2.94 0.662
1.000 —
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0.950 //
0.900
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L 0,800 ]
H
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Figure 3.1.6.16. Particle size distribution, traverse 3, 2 September 92,

Fuel: Rice Straw Date of Test: 2-Sep-92
Configuration: CEWF

Particle Size Distribution
Traverse 3:

Stage ECD (um)  Weight (mg) Cum. Wt (mg) Cum. Fraction

1 13.60 0.1 '35 1.000
2 7.67 0.1 34 0.971
3 4.09 0.07 3.3 0.943
4 2.16 0.12 3.23 0.923
5 1.24 0.15 3.11 0.889
6 073 0.32 2.96 0.846
7 0.38 0.28 264 0.754
filter 0.00 2.36 2.36 0.674
1.000 _
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0.950
0.900 2]
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Figure 3.1.6.17. Particle size distribution, traverse 4, 2 September 92.

Fuel: Rice Straw Date of Test: 2-Sep-92
Configuration: CEWF
Particle Size Distribution
Traverse 4:
Stage ECD (um)  Weight (mg) Cum. Wt (mg) Cum. Fraction
1 14.76 0.05 2.87 1.000
2 8.27 0.07 2.82 0.983
3 4.41 0.05 2.75 0.958
4 2.33 0.08 2.7 0.941
5 1.34 0.02 2.62 0.913
6 0.79 0.24 26 0.906
7 _ 0.4 0.15 2.36 0.822
filter 0.00 2.21 2.21 0.770
1.000 mes ——
0.950 /,/
0.900
§ oo Ll
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Figure 3.1.6.18. Nitrogen balance.

Date of Test: 2-Sep-92 -
Fue! Rice Straw
Type 1

Nitrogen




Figure 3.1.6.19. Nitrogen balance.

Date of Test:
Fuel

2-Sep-92
Rice Straw
Type 2

Nitrogen




Figure 3.1.6.20. Sulfur balance.

Date of Test: 2-Sep-92
Fuel Rice Straw
Type 1
Sulfur
, ND
[
PM 34%

41%




Figure 3.1.6.21. Sulfur balance.
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Table 3.1.7.1

Fuel and Ash Analyses
Run Date

Fuel Type

Sample Type

Ultimate Analysis

(% dry weight)
C

H
N

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

(% dry weight)
Ash -
Volatiles
Fixed Carbon

Higher Heating Vaiue

{(MJ/kg dry weight)

21-Oct-92
Rice Straw
Fuel

36.54
4.86
0.79

0.83
0.10
2.73
0.24
0.22
0.08
0.63

1,090

687

326

46.55

23.18
65.19
11.62

14.6377

21-Oct-92
Rice Straw
Ash

14.29
0.80
0.46

0.57
0.38
8.84
0.84
0.63
0.31
1.62

2,300
16
65
2,160
1,280
13

28.86

81.60
127
5.69

7.1513



Table 3.1.7.2. Operating conditions and concentrations, 21 October 82.

Fuel: Rice Straw Date of Test: 21-Oct-92
Configuration: CEWF

Fue! Loading Rate (g/sq.m w.b.): 626
Total Fuel Consumption (kg w.b.) 62.2
Total Ash Recovered (kg w.b.) 172
Ash Fraction (w.b.) 0.28

Traverse 1 Traverse 2
Mean Values
Air Temperature (°C) 2413 24.55
Air Relative Humidity (%) 55.34 52.42
Inlet Air Temperature (°C) 26.72 26.92
Stack Temperature (°C) 33.31 36.74
Impinger Outlet Temperature (°C) 17.08 17.68
Fire Spreading Rate (m/min) 0.48 0.61
Stack Gas Velocity (m/s) 3.21 3.08
Gas and PM Concentrations (less background)
CO (ppmv) 45.01 62.81
NO (ppmv) 0.90 1.62
NOx (ppmv) 1.41 2.35
S02 (ppmv) 0.10 0.21
THC (ppmv as CH4) 15.32 16.63
HC (ppmv as CH4 by GC) 6.58 8.62
CH4 (ppmv) 3.29 4.56
NMHC (ppmv as CH4) 12.03 12.07
NMHC (ppmv as CH4 by GC) 3.29 4.06
CO2 (ppmv by GC) 609 1,040
Total S (ppmv as SO2) 0.20 0.33
PM (mg/cu.m) 10.52 9.50
PM10 (mg/cu.m) 10.36 9.36
PM2.5 (mg/cu.m) 10.05 9.03



Table 3.1.7.3. Mass balance, 21 October 92.

Fuel: Rice Straw Date of Test:
Configuration:

Mass Balance

Traverse 1 Traverse 2
Total Conveyor Travel (m) 23.11 29.26
Fuel Moisture Content (% w.b.) 9.4 8.2
Fuel Loading Rate (¢/sq.m d.b.) 567 574
Total Fue! Consumption (g w.b.) 17,626 22,311
Total Fue! Consumption (g d.b.) 15,973 20,490
Residual Ash (g w.b.) 4,858 6,149
Fuel Vaporized (gw.b.) 12,769 16,162
Fuel Consumption Rate (g/s w.b.) 6.12 175
Fuel Consumption Rate (g/s d.b.) 5.55 711
Ash Generation Rate (g/s w.b.) 1.69 2.13
Fuel Vaporization Rate (g/s w.b.) 4.43 5.61
Stack Gas Density (kg/cu.m) 1.1533 1.1405
Stack Gas Flow Rate (cu.m/s) 478 4.57
Stack Gas Mass Flow Rate (kg/s) 5.49 5.22
Inlet Air Mass Flow Rate (kg/s) 5.49 5.21
Overall Air-Fuel Ratio (w.b.) 897.05 672.78
Overall Air-Fuel Ratio (d.b.) 989.90 732.56

21-0Oct-92
CEWF



Table 3.1.7.4. Emission factors, rice straw, 21 October 92 (integrated basis).

Fuel: Date of Test: 21-Oct-92
Configuration: CEWF

Emission Factors (% fuel dry weight)
Integrated Basis

Traverse 1 Traverse 2 Average
(0] 4270 4.439 4.354
NO 0.091 0.123 0.107
NOx (as NO2) 0.221 0.273 0.247
S02 0.022 0.033 0.027
THC (as CH4) 0.833 0.670 0.752
HC (as CH4 by GC) 0.360 0.349 0.354
CH4 (by GC) 0.180 0.184 0.182
NMHC (as CH4) 0.653 0.485 0.569
NMHC (as CH4 by GC) 0.180 0.164 0.172
CO2 (by GC) 91.583 115.715 103.649
Total S (as SO2) 0.042 0.053 0.048
SO2/Total S 0.51 0.63 0.57
PM 0.856 0.573 0.715
PM10 0.843 0.565 0.704
PM2.5 0.817 0.545 0.681
MMAD (um) 0.175 0.156 0.166
c 5.132 4,595



Table 3.1.7.5. Emission factors, rice straw, 21 October 92 (average basis).

Fuel: Rice Straw Date of Test: 21-Oct-92
Configuration: CEWF
Emission Factors (% fuel dry weight)
Average Basis
Traverse 1 Traverse 2 Average
co 4.305 4.448 4.376
NO 0.092 0.123 0.107
NOx (as NO2) 0.222 0.273 0.248
sQO2 0.022 0.033 0.027
THC (as CH4) 0.837 0.673 0.755
HC (as CH4 by GC) 0.360 0.349 0.354
CH4 (by GC) 0.180 0.184 0.182
NMHC (as CH4) 0.658 0.488 0.573
NMHC (as CH4 by GC) 0.180 0.164 0.172
CO2 (by GC) 91.583 115.715 103.649
Total S (as SO2) 0.043 0.053 0.048
S02/Total S 0.51 0.63 0.57
PM 0.856 0.573 0.715
PM10 0.843 0.565 0.704
PM2.5 0.817 0.545 0.681
MMAD (um) 0.175 0.156 0.166

c 5.132 4.595



Table 3.1.7.6. Carbon balance.

Date of Test:
Fuel

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 (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 (mg/cubic meter)

PM Carbon Concentration (%)

PM Carbon (mg/cubic meter)

Stack Gas Temperature (°C)

Impinger Temperature (°C)

PM molar concentration {ppm)

Estimated Average Stack Gas Velocity (m/s)

Emission Factors (% Average Basis):
coz

co

THC (as CH4)

PM

Emission Factors (% Integrated Basis):
co2

co

THC (as CH4)

PM

Closure (% Average Basis)
Closure (% Integrated Basis)

21-Oct-92
Rice Straw
Traverse 1

5.55
1.69
30.45
36.54
14.29
1.79
118.02
1.15
609
45.01
15.32
10.52
50.43
5.30
33.31
17.08
10.53
3.70

91.583
4.305
0.837
0.856

91.583
4.270
0.833
0.856

87
85

21-Oct-92
Rice Straw
Traverse 2

7.11
2.13
29.96
36.54
14.29
2.29
118.28
1.14
1,040
62.81
16.63
8.50
50.43
4.79
36.74
17.68
9.53
2.90

115.715
4.448
0.673
0.573

1156.715
4.439
0.670
0.573

106
105




Table 3.1.7.7. Nitrogen balance

Date of Test: 21-Oct-92 21-0¢t-92
Fusel Rice Straw Rice Straw
Traverse 1 Traverse 2
Nitrogen Balance
Fuel Nitrogen Concentration (% dry weight) 0.83 0.83
Ash Nitrogen Concentration (% weight) 0.57 0.57
Emission Factors (% Average Basis): .
NOx (as NO2) 0.222 0.273
PM 0.856 0.573
Emission Factors (% Integrated Basis):
NOx (as NO2) 0.221 0.273
NO3- Concentration of PM (% weight) 0.241 0.241
NH4+ Concentration of PM (% weight) 7.182 7.182
Nitrogen Concentration of PM (%) 5.641 5.641
Fuel Nitrogen (mg/s) 46.07 59.01
Ash Nitrogen (mg/s) 9.63 12.14
Nitrogen as NOx (mg/s Average Basis) 3.75 5.91
Nitrogen as NOx (mg/s Integrated Basis) 3.73 5.91
Nitrogen as PM (mg/s Average Basis) 2.68 2.30
Nitrogen as NOx+PM (mg/s Average Basis) 6.43 8.21
Nitrogen as NOx+PM (mg/s Integrated Basis) 6.41 8.21
NOx+PM Nitrogen/Fuel Nitrogen (Average) : 0.140 0.139
NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 0.139 0.139
Ash Nitrogen/Fuel Nitrogen 0.209 0.206
Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) 0.349 0.345

Ash+NOx+PM Nitrogen/Fuel Nitrogen (integrated) 0.348 0.345



Table 3.1.7.8. Sulur balance.
Date of Test:
Fuel

Sulfur Balance

Fuel Sulfur Concentration {mg/kg dry weight)
Ash Sulfur Concentration (mg/kg weight)

Emission Factors (% Average Basis)
S02

PM

Emission Factors (% Integrated Basis)
802

Sulfur Concentration of PM (% weight)

Fuel Sulfur (mg/s)

Ash Sulfur (mg/s)

Sulfur as SO2 (mg/s Average Basus)

Sulfur as SO2 (mg/s Integrated Basis)
Sulfur as PM (mg/s Average Basis)

Sulfur as SO2+PM (mg/s Average Basis)
Sulfur as SO2+PM (mg/s Integrated Basis)
S02+PM Sulfur/Fuel Sulfur (Average Basis)
S0O2+PM Sulfur/Fuel Suffur (Integrated Basis)
Ash Sulfur/Fuel Sutfur

Closure (% Average Basis)

Closure (% Integrated Basis)

21-Oct-92
Rice Straw
Traverse 1

1,090
2,300

0.022
0.856

0.022

0.904
6.05
3.89
0.61
0.61
0.43
1.04
1.04

0.172

0.172

0.643

81
81

21-Oct-82
Rice Straw
Traverse 2

1,080
2,300

0.033
0.573

0.033

0.904
7.75
4.90
1.17
1.17
0.37
1.54
1.54

0.199

0.199

0.632

83
83




Table 3.1.7.9. Water balance.

Estimated Stack Humidity
Fuel Rice Straw
Configuration CEWF
Date of Test 21-Oct-92

Traverse 1 Traverse 2
Ambient Air Temperature °C) 24 25
Ambient Air Relative Humidity (%) 55 52
Air Temperature (K) 297 298
Saturation Pressure (Pa) 3,009 3,085
Vapor Pressure (Pa) 1,665 1,617
Air Dew Point Temperature (°C) 147 14.2
Ambient Volume Fraction Water Vapor 0.0164 0.0160
Ambient Mass Fraction Water Vapor 0.0102 0.0099
Fuel Burning Rate (g/s wet basis) 6.12 7.75
Fuel Moisture Content (%) 9.4 82
Ash Fraction (wet basis) 0.28 0.28
Fuel Hydrogen Content (%) 4.96 4.96
Ash Hydrogen Content (%) 0.80 0.80
Moisture Evaporated (g/s) 0.58 0.64
Water of Combustion (g/s) 2.35 3.02
Total Fuel Water Added (g/s) 293 3.66
Inlet Air Mass Flowrate (g/s) 5,490 5210
Inlet Air Water Vapor Flowrate (g/s) 56 52
Total Stack Water Vapor Flowrate (g/s) 59 55
Stack Gas Mass Flowrate (g/s) 5,494 5216
Mass Fraction Water Vapor in Stack 0.0107 0.0106
Volume Fraction Water Vapor in Stack 0.0173 0.0171
Stack Vapor Pressure (Pa) 1,751 1,730
Stack Temperature (°C) 33 37
Stack Temperature (K) 306 310
Stack Saturation Pressure (Pa) 5123 6,193
Stack Relative Humidity (%) 34 28
Stack Dew Point Temperature (°C) 154 15.2
Impinger Outlet Temperature (°C) 171 17.7
Volume Stack Gas Sampled for PM (L) 694 663
Estimated Impinger/Desiccant Weight Gain (g) 9.1 8.5
Totals:

Estimated Measured
Total Impinger/Desiccant Weight Gain (g) 17.6 18.7
0.94

Estimated/Measured Weight Gain



Table 3.1.7.10. Power balance.

Date of Test:
Fuel

Power Balance

Fuel Heating Value (MJ/kg dry weight)
Ash Heating Value (MJ/kg dry weight)
Average Energy Release Rate (kW)
Products of Incomplete Combustion (kW)

CcO

THC (as CH4)

PM

Heat Release Rate (kW)

Fireline intensity (kW/m)

Stack Gas Flow (kg/s) )
Stack Gas Temperature (°C)

inlet Temperature (°C)

Sensible Power at Top of Stack (kW)
Tunnel! Dissipation (kW)

21-Oct-92
Rice Straw
Traverse 1

14.6377
7.1513
69.2

2.4
2.6
0.8
63.4
52.0
5.49
33.31
26.72
36.4
27.0

21-Oct-92
Rice Straw
Traverse 2

14.6377
7.1613
88.8

3.2
2.7
0.7
823
67.5

36.74
26.92
51.6
30.7



Table 3.1.7.11. Mass concentrations (%) from DRI filter samples

Date 21-0at-92 21-Oct-92
Fue! Rice Straw Rice Straw
CEWF CEWF
Size Fraction PM2.5 PM10
Teflon Filter ID ABTTO41 ABTT042
Quartz Fifter ID ABTQ041 ABTQO042
Teflon Field Sample Flag
Quartz field sample field
Teflon mass sampie flag
Quartz mass sample flag
Anions sample flag
Ammonium analysis flag
Sodium ion analysis flag
Magnesium jon analysis flag
Potassium ion analysis flag
Carbon analysis flag
XRAF analysis flag
tUncertai Uncertainty
Teflon sampile volume (M*3) 0.36 0.02 0.36 0.02
Quarnz sample volume (m"3) 0.36 0.02 0.36 0.02
Teflon mass concentration {(Lg/m~3) 7.447 ars 8,078 406
Concentration (%) Uncerlainty Concentration (%) tUncertainty PM2.5/PM10
CH- 23.1639 1.9128 20.7367 1.7118 1.12
NO3- 0.2562 0.0320 0.2414 0.0297 1.06
SO4= 3.2660 0.2416 3.0297 . 0.2240 1.08
NH4+ 8.1384 0.6071 7.1823 0.5378 1.13
Na+ 0.1287 0.0157 0.1281 0.0151 1.00
K+ 7.5109 0.5659 6.7419 0.5078 1.11
C(org) 47.6671 45937 4511 43461 1.06
Cloht) 38.6414 5.8730 36.8595 5.6006 1.05
Ce) 5.3637 0.5088 5.3061 0.5048 1.01
C(eht) 1.8321 1.1801 1.7503 1.0673 1.10
Cc 53.0008 50.4250 1.08
Al 0.0583 0.0785 0.0198 0.0745 294
Si 0.1821 0.0407 0.7795 0.0663 023
P 0.0000 0.1866 0.0000 0.1753
s 0.9254 0.1069 0.9043 0.1019 102
Cl 17.2483 12246 16.1822 1.1491 107
K 6.4244 0.4562 5.96834 0.4247 1.07
Ca 0.0242 0.0925 0.0887 0.0298 0.25
Ti 0.0007 0.0259 0.0018 0.0231 0.39
v 0.0004 0.0112 0.0010 0.0100 0.40
Cr 0.0010 0.0025 0.0020 0.0016 0.50
Mn 0.0073 0.0013 0.0311 0.0025 0.23
Fe 0.0117 0.0044 0.0734 0.0066 0.16
0.0000 0.0011 0.0000 0.0015
Ni 0.0000 0.0011 0.0002 0.0010 0.00
Cu 0.0008 0.0012 0.0011 0.0007 073
Zn 0.0026 0.0009 0.0032 0.0008 0.81
Ga 0.0000 0.0021 0.0000 0.0018
As 0.0017 0.0025 0.0021 0.0015 0.81
Se 0.0009 0.0014 0.0009 0.0013 1.00
Br 0.1130 0.0081 0.1115 0.0080 1.01
Ab 0.0043 0.0016 0.0043 0.0015 1.00
S8r 0.0001 0.0013 0.0003 0.0011 0.33
Y 0.0001 0.0017 0.0004 0.0015 0.25
Zr 0.0005 0.0018 0.0002 0.0016 250
Mo 0.0000 0.0032 00015 0.0028 0.00
Pd 0.0000 0.0115 0.0000 0.0105
Ag 0.0015 0.0133 0.0037 00121 0.41
Ccd 0.0000 0.0141 0.0043 0.0129 0.00
In 0.0010 0.0157 0.0000 0.0141
Sn 0.0017 0.0198 0.0006 0.0179 2.83
Sb 0.0000 0.0227 0.0044 0.0202 0.00
Ba 0.0067 0.0775 0.0085 0.0895 0.79
La 0.0000 0.1038 0.0000 0.0926
Au 0.0000 0.0035 0.0001 0.0031 0.00
Ho 0.0000 0.0029 0.0017 0.0026 0.00
T 0.0000 0.0028 0.0000 0.0025
Pb 0.0000 0.0037 0.0000 0.0032
U 0.0000 0.0034 0.0003 0.0031 0.00
Sum of measwred species 86.5728 4.8499 82.2130 4.5828 1.05
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Table 3.1.7.12. Element ratios from DRI filter samples.

Date
Fuel
Configuration

Size Fraction
Teflon Fitter ID
Quartz Fiker ID

CH/CI

K+/X

Sullate S/Total S
C(org)C

ClK

CHK+

CH/Na+

SK .

S/Na+

AUSi

21-0d1-92 21-0a1-92
Rice Straw Rice Straw
CEWF CEWF
PM25 PM10 PM2.5/PM10
ABTTO41 ABTT042
ABTQO41 ABTQO42
134 128 1.05
1.17 1.13 1.04
1.18 1.12 1.0
0.80 0.88 1.00
268 27 099
3.08 3.08 1.00
176.98 161.88 111
0.14 015 0.95
7.18 7.06 1.02
0.32 0.03 12.60
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Table 3.1.7.13. Emission factors (mg/kg) from DRI filter samples.

Date 21-Oct-82 21-0ct-92
Fuel Rice Straw Rice Straw
CEWF CEWF
Size Fraction PM2.5 PM10
Tetlon Filter 1D ABTTO41 ABTTD42
Quartz Filter ID ABTQ041 ABTQ042
Start Time 15:56
Stop Time 16:32
Start Time
End Time
Elapsed Time (minutes) 36 Traverse 2
PM (mg/m*3 by total fifter) 9.500
PM10 (by total fiterimpacior) 9.360
PM2.5 (by total filterimpactor) 9.030
PM emission factor (%) 0.573
PM10 emiasion factor (%) 0.565
PM2.5 emission factor (%) 0.545
_tUncertainty —HUncenainty
Teflon sample volume (M"3) 0.36 0.02 0.36 0.02
Quartz sample volume (m"3) 0.36 0.02 0.36 0.02
Teflon mass concentration (mg/m"3) 7.447 0375 8.078 0.406
Teflon mass/Total mass 0.825 0.863
Emission (mg/kg) _tUncertainty Emission (mg/kg) +Uncerlainty  PM2.5/PM10
Ck ; 14582323 104.2476 14251074 06.7167 1.02
NO3- 16.1285 1.7440 16.5800 1.6781 0.07
SO4= 205.6038 13.1672 2082129 12.6560 0.99
NH4+ 512.3351 33.0870 493.5958 30.3857 1.04
Na+ 8.1020 0.8557 8.8035 0.8532 0.92
K+ 472.8322 30.8416 463.3298 28.6007 1.02
Clorg) - 3000.7773 250.3567 3100.7479 245.5547 0.97
Cloht) 2432.5843 320.0785 2533.1295 316.4339 0.96
C(e) 3376599 27.7841 364.6560 285212 0.93
C{eht) 121,631 64.3155 120.2875 60.3024 1.01
(o] 3338.4372 0.0000 3465 .4039 0.0000 086
Al 36701 42783 1.3607 42083 2.70
Si 11.4637 22182 53.5703 3.7460 0.21
P 0.0000 10.1697 0.0000 9.9045
s 58.2565 5.8261 62.1470 ° 5.7574 0.84
Ci 1085.82687 66.7407 1112.7815 64.9242 0.98
K 404.4340 24.8629 411.2027 23.8956 098
Ca 15235 50413 6.7831 1.6837 0.22
Ti 0.0441 14116 0.1237 1.3052 0.36
v 0.0252 0.6104 0.0687 0.5650 0.37
Cr 0.0630 0.1363 0.1374 0.0904 0.46
Mn 0.4596 0.0709 21373 0.1413 022
Fe 0.7365 0.2398 5.0443 0.3729 015
Co 0.0000 0.0600 0.0000 0.0848
Ni 0.0000 0.0600 0.0137 0.0565 0.00
Cu 0.0504 0.0654 0.0756 0.0386 067
Zn 0.1837 0.0491 02199 0.0452 0.74
Ga 0.0000 0.1145 0.0000 0.1074
As 0.1070 0.1363 0.1443 0.0848 0.74
Se 0.0567 0.0763 0.0619 0.0735 082
Br 7.1137 0.4415 7.6627 0.4520 083
Rb 02707 0.0872 0.2055 0.0848 0.92
Sr 0.0063 0.0709 0.0206 0.0622 0.31
Y 0.0063 0.0927 0.0275 0.0848 0.23
Zr 0.0315 0.1036 0.0137 00904 2.29
Mo 0.0000 0.1744 0.1031 0.1562 0.00
Pd 0.0000 0.6268 0.0000 0.5933
Ag 0.0844 0.7249 0.2543 0.6837 0.37
Cd 0.0000 0.7685 0.2955 0.7289 0.00
In 0.0630 0.8557 0.0000 0.7967
Sn 0.1070 1.0791 0.0412 1.0114 2.60
Sb 0.0000 1.2372 0.3024 1.1413 0.00
Ba 0.4218 42238 05842 3.8268 0.72
La 0.0000 5.6462 0.0000 52319
AU 0.0000 0.1908 0.0069 0.1752 0.00
Hg 0.0000 0.1581 0.1168 0.1469 0.00
kL 0.0000 0.1526 0.0000 0.1413
Pb 0.0000 02017 0.0000 0.1808
U 0.0000 0.1853 0.0206 0.1752 0.00
Sum of measured species 5,450 264 5,650 250 086
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Table 3.1.7.14. Element concentrations (ng/m~3) from CNL filter samples.

Fuel: Rice

Date: 21-Oct-92

Time: 14:39

Filter ID: AG-46

Element Concentration +Uncertainty
ng/m*3

H 351,530 29,100

Na

Mg 57,640 10,400

Al

Si 31,120 2,800

P

s

Cl 998,880 51,000

K 294,600 15,500

Ca

Ti

Vv

Cr 640 300

Mn 1,230 300

Fe 4,470 400

Ni

Cu

Zn

As

Pb

Se

Br 4,670 400

Rb 610 400

Sr
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Table 3.1.7.15. Element emission factors (mg/kg) from CNL filter samples.

Fuel: Rice

Date: 21-Oct-92

Time: 14:39

Filter ID: AG-46

Fuel rate (g/s) 5.55

Stack gas flow rate (m"3/s) 4.76

Stack Temperature (°C) ' 33.31

Ambient Temperature (°C) 2413
Emission factor +Uncertainty

Element (mg/kg) (mg/kg)

H 2925 24.2

Na )

Mg 48.0 8.7

Al

Si 259 2.3

5 ;

S

Cl 831.0 424

K 2451 129

Ca .

Ti

Vv

Cr 05 0.2

Mn 1.0 0.2

Fe _— 37 0.3

Ni

Cu

Zn

As

Pb

Se _

Br 39 0.3

Rb 0.5 0.3

Sr

Zr



Table 3.1.7.16. Element concentrations (ng/m*3) from CNL filter samples.

Fuel: Rice

Date: 21-Oct-92

Time: 15:58

Filter ID: AG-47

Element Concentration tUncertainty
ng/m"3

H 332,060 24,900

Na 153,800 38,700

Mg

Al

Si 86,430 5,300

P

S

Cl 2,170,380 109,400

K 694,420 35,100

Ca

Ti

Vv

Cr

Mn 2,150 300

Fe 6,140 400

Ni

Cu 410 100

Zn

As 140 100

Pb

Se

Br 9,890 600

Rb

Sr

Zr
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Table 3.1.7.17. Element emission factors (mg/kg) from CNL filter samples.

Fuel: - Rice

Date: 21-0Oct-92

Time: 15:58

Fitter ID: AG-47

Fuel rate (g/s) 7.11

Stack gas flow rate (m"3/s) 4.57

Stack Temperature (°C) 36.74

Ambient Temperature (°C) 24.55
Emission factor +Uncertainty

Element (mg/kg) (mg/kg)

H 205.0 154

Na 95.0 239

Mg

Al

Si 534 33

p

s

Cl 1,340.2 67.6

K 428.8 21.7

Ca

Ti

Vv

Cr

Mn 1.3 0.2

Fe 38 0.2

Ni -

Cu 03 0.1

Zn

As 0.1 0.1

Pb )

Se

Br 6.1 04

Rb

Sr

Zr
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Table 3.1.7.18. Relative element concentrations by stage from DRUM impactor.

Stage 1: 10-15um

21-0Oct-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) (-) (-)
H _
Na
Mg
Al
Si 5,319.79 302.73 3.6728 1
s .
Cl 687.10 105.82 0.4744 1
K 1,448.44 105.41 1.0000 1
Ca 562.15 64.77 0.3881 1
Ti 52.34 20.59 0.0361 1
v 5
Cr
Mn 125.54 18.00 0.0867 1
Fe 1,297.12 78.95 0.8955 1
Ni
Cu
Zn
As
Se
Br
Rb
Sr

Pb



Table 3.1.7.19. Relative element concentrations by stage from DRUM impactor.

Stage 2: 5-10um

21-Oct-92 Abundance Abundance
Relative to Relative to
Concentralion tUncertainty Potassium Stage 1
(relative) (-) (-)
H
Na
Mg
Al
Si 2,854.50 176.73 2.9231 0.5366
S 41.39 23.86 0.0424
Cl 274.99 46.36 0.2816 0.4002
K 976.54 73.77 1.0000 0.6742
Ca
Ti 50.50 22.50 0.0517 0.9648
Vv
Cr .
Mn 66.18 13.91 0.0678 0.5272
Fe 770.54 50.86 0.7890 0.5940
Ni 20.97 5.73 0.0215
Cu
Zn
As
Se
Br
Rb
Sr

Pb



Table 3.1.7.20. Relative element concentrations by stage from DRUM impactor.

Stage 3: 2.5-5um

21-Oct-92 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) (-)
H C
Na
Mg
Al .
Si 5,030.99 271.91 3.3629 0.9457
S
Cl 858.95 75.41 0.5742 1.2501
K 1,496.00 111.41 1.0000 1.0328
Ca 922.25 97.77 0.6165 1.6406
Ti
\ 35.29 12.68 0.0236
Cr
Mn 237.00 2427 0.1584 1.887¢
Fe 530.10 39.27 0.3543 0.4087
Ni
Cu
Zn
As
Se |
Br
Rb -
Sr

Pb



Table 3.1.7.21. Relative element concentrations by stage from DRUM impactor.

Stage 4: 1.15-2.5um

21-Oct-92 ‘ Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) (-)
H
Na
Mg 232.38 58.64 1.1148
Al ‘
Si 275.25 46.91 1.3206 0.0517
s 156.46 42.14 0.7507
o] 285.97 41.45 1.3720 0.4162
K 208.43 32.45 1.0000 0.1439
Ca 56.15 27.41 0.2694 0.0999
Ti
Vv
Cr 98.17 18.95 0.4710
Mn
Fe 104.56 19.91 0.5017 0.0806
Ni
Cu
Zn
As
Se
Br
Rb
Sr

Pb



Table 3.1.7.22. Relative element concentrations by stage from DRUM impactor.

Stage 5: 0.56-1.15um

21-Oct-92 Abundance Abundance
Relative to Relative 1o
Concentration +Uncertainty Potassium Stage 1
(relative) (-) (-)
H 700.04 90.82 1.6807
Na
Mg
Al 375.41 54.00 0.9013
Si 138.38 32.32 0.3322 0.0260
S 98.05 26.73 0.2354
o] 566.44 54.27 1.3600 0.8244
K 416.51 . 42 .41 1.0000 0.2876
Ca
Ti
Vv
Cr 43.70 12.41 0.1049
Mn 72.01 16.77 0.1729 0.5736
Fe :
Ni
Cu
Zn
As
Se
Br
Rb
Sr

Pb



Table 3.1.7.23. Relative element concentrations by stage from DRUM impactor.

Stage 6: 0.34 - 0.56 um

Na
Mg
Al
Si

cl

Ca
Ti

Cr
Mn
Fe
Ni
Cu
Zn

Se
Br
Rb
Sr
Pb

21-Oct-92 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
{relative) (-) {-)
9,938.97 924.14 0.8726
139.53 40.09 0.0122 0.0262
23,404.75 1,216.50 2.0547 34.0633
11,390.59 616.36 1.0000 7.8640
77.60 23.18 0.0068
71.58 16.91 0.0063 0.5702
148.85 24.41 0.0131 0.1148
38.99 10.23 0.0034
151.98 23.86 0.0133
51.57 24.00 0.0045



Table 3.1.7.24. Relative element concentrations by stage from DRUM impactor.

Stage 7: 0.24 - 0.34 um

21-Oct-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) (-) (-)
H 1,720.73 186.27 0.4460
Na
Mg
Al
Si 82.81 25.23 0.0215 0.0156
S
Cl 3,727.30 219.55 0.9660 5.4247
K 3,858.56 225.14 1.0000 2.6639
Ca :
Ti
Vv
Cr
Mn
Fe
Ni 2253 6.68 0.0058
Cu 25.96 7.50 0.0067
Zn 22.72 7.36 0.0059
As
Se
Br
Rb
Sr

Pb



Table 3.1.7.25. Relative element concentrations by stage from DRUM impactor.

Stage 8: < 0.24 um

21-Oct-92 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) (-)
H 12,473.70 833.32 0.4900
Na
Mg
Al 278.81 87.14 0.0110
Si
S
Cl 37,372.92 1,924.09 1.4682 54,3926
K 25,454.09 1,332.41 1.0000 17.5734
Ca
Ti
v ' 162.70 61.09 0.0064
Cr
Mn 49.00 16.91 0.0019 0.3903
Fe
Ni 28.13 11.86 0.0011
Cu 72.31 16.36 0.0028
Zn
As
Se 42.83 14.05 0.0017
Br 354.19 50.18 0.0139
Rb
Sr

Pb



Table 3.1.7.26
VOC Concentrations (ppbv)

Date
Fuel
Traverse

21-Oct-92
Rice Straw
Traverse 1

21-Oct-92
Rice Straw
Traverse 2

Acetic acid
Propanone (acetone)

Methy! ester acetic acid (methylacetate)

Butane
Dimethyloxirane
Pentene

Methylbutanone (isopropyimethy! 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

Ci0H12

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)

No match r.t.(6.4)

No match r.t.(8.5)

103.1

124.1

81.6

335

65.7
15

13.2

117

152.5

838
123.8
159.1

40.6

85.8
26.9

9.2



Table 3.1.7.27
VOC Emission Factors (mg/kg)

Date

Fuel

Traverse

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

Acstic acid

Propanocne (acetone)

Methyl ester acetic acid (methylacetats)
Butane

Dimethyloxirane

Pentens

Methyibutanone (isopropyimethy! ketone)
Furancarboxaldehyde (furfural) )
Benzene

Dimethylbutane

Hexane

Phenol

Dimethylfuran

2-methyl 2-cyclopenten-1-one

2-chloro pheno!

Toluene

Benzonitrile

Benzaldehyde

Methylphenot {hydroxy toluene)
Styrene

Xylene

Trimethylpentane

Benzofuran

Methoxymethylphenol (creosol)
Naphthalene

Unknown

Alpha-pinene

Camphene

A3-Carene

Limonene

21-0ct-92
Rice Straw
Traverse 1
5.55
5.49

275

399

257

121

234
54

58

21-0ct-92
Rice Straw
Traverse 2
7.1
522

208

301

200
301
37
109

226
72

30
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Table 3.1.7.28. PAH emission factors, rice straw, 21 October 1992 (zero indicates not detected).

Naphthalene
2-Methyi-naphthalene
Acsnaphthylens
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fivoranthene

Pyrene
Benz{a}-anthracene
Chrysene
Benzo[b]-flucranthene
Benzo{k}-fluoranthene
Benzo{a]pyrene
Benzo{e]pyrene
Perylene
Benzo[ghi]-perylene
indeno(1,2,3-cd]-pyrene
Dibenz{a,h]-anthracene

Total

Traverse 1 Traverse 2 Traverse 1 Traverse 2 Impinger Total Total Total
Filter Filter Trap Sorbent Sorbent Rinsate Traverse 1  Traverse 2 Average
pg/kg dry fuel
250 249 35 14,168 6,900 1 14,453 7.185 10,819
289 343 48 26,684 15,015 1 27,001 15,406 21,204
12 1 1 411 262 0 425 274 350
0 0 0 1,220 921 0 1,220 921 1,070
-1 1 5 1,215 736 0 1,219 742 980
98 102 59 2,359 1,827 2 2,517 1,989 2,253
25 26 6 337 384 0 368 416 392
146 75 100 368 273 0 614 449 531
159 89 " 134 173 0 363 332 48
215 125 1 0 4 0 216 130 173
222 119 13 17 8 -0 252 138 195
in 64 20 9 8 0 200 92 148
177 7 0 12 10 0 169 87 138
63 38 0 0 4 0 63 42 52
128 70 0 0 7 0 128 77 103
13 5 0 0 0 0 13 5 9
24 12 o o 0 0 24 12 18
24 11 0 0 0 0 24 11 18
0 0 0 0 0 0 0 /] 0
1,995 1,418 356 48,930 26,530 5 49,287 28,309 38,798



Figure 3.1.7.1, Ambient air conditions, 21 October 92.

Fuel Type: Rice Straw Test Date 21-Oct-92
Configuration: CEWF
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Figure 3.1.7.2. Air temperature and relative humidity from CIMIS station.

Fuel: Rice Straw Date of Test: 21-Oct-92
Configuration: CEWF
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Figure 3.1.7.3. Wind speed from CIMIS station.
Fuel: Rice Straw Date of Test: 21-Oct-92
Configuration: CEWF
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Figure 3.1.7.4. Wind direction and solar radiation from CIMIS station.
Fuel: Rice Straw Date of Test: 21-Oct-92

Configuration: CEWF
Hourly Average CIMIS Data for Davis, California
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Figure 3.1.7.5. Inlet air, stack gas, and impinger temperatures, 21 October 82.

Fuel Type: Rice Straw Test Date 21-Oct-92
Configuration: CEWF
————— Inlet Air — Stack — - —-—- Impinger Outlet
Temperature Temperature Temperature
(°C) (*C) (°C)
45

40 %J Mm
: L AN

\J ek = /’\‘
25 . ',,C'IV""V'\\ N—“'J\r:i-\‘/&’" !-,-AMA'\./F;A;’\: -~ -
\J | 1 I s v

20 ' | ; | !

15

10

12 14 16 18
Time of Day (PDST)




Figure 3.1.7.6. Conveyor speed and stack gas velocity, 21 October 92.

Fuel Type: Rice Straw Test Date 21-Oct-92
Configuration: CEWF
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Figure 3.1.7.7. Conveyor speed with 10 min moving average, 21 October 92.

Fuel Type: Rice Straw Test Date 21-Oct-92
Configuration: CEWF
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Figure 3.1.7.8. Conveyor travel, 21 October 92.

Fuel Type: Rice Straw Test Date 21-Oct-92
Configuration: CEWF
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Figure 3.1.7.9. CO concentration in stack gas, 21 October 92.

Fuel Type: Rice Straw Test Date _ 21-Oct-92
Configuration: CEWF
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Figure 3.1.7.10. NO and NOXx concentrations in stack gas, 21 October 92.

Fuel Type: Rice Straw Test Date 21-Oct-92
Configuration: CEWF
NOx (ppmv) —-—-—- NO (ppmv)
9
8 73
f’i
7
3]
5
4
3 1A l
5 i VMR ”ﬂ
—
J W | rHvi"'"“ I '\'\.r
A
AVLR }

| AANIENYEN

12 14 16 18
Time of Day (PDST)



https://3.1.7.10

Figure 3.1.7.11. SO2 concentrations in stack gas, 21 October 92.

Fuel Type: Rice Straw Test Date 21-Oct-92
Configuration: CEWF
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Figure 3.1.7.12. Total sulfur concentration in stack gas, 21 October 92.
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Figure 3.1.7.13. THC concentration in stack gas, 21 October 92.
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Figure 3.1.7.14. Particle size distribution, traverse 1, 21 October 82.

Fuel: Rice Straw Date of Test: 21-0Oct-92
Configuration: CEWF
Particle Size Distribution
Traverse 1:
Stage ECD (um) Weight (mg) Cum. Wi(mg) Cum. Fraction
1 13.82 0.15. 10.26 1.000
2 7.74 0.17 10.11 0.985
3 413 0.18 9.94 0.969
4 218 0.39 9.76 0.951
5 1.26 0.57 9.37 0.913
6 0.74 1.07 8.8 0.858
7 0.39 1.08 7.73 0.753
filter 0.00 6.65 6.65 0.648
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Figure 3.1.7.15. Particle size distribution, traverse 2, 21 October 92.

Fuel: Rice Straw Date of Test: 21-0Oct-92
Configuration: CEWF
Particle Size Distribution
Traverse 2:
Stage ECD (um) Weight (mg) Cum.Wt(mg) Cum. Fraction
1 14.01 0.14 9.00 1.000
2 7.85 0.14 8.86 0.984
3 419 0.20 8.72 0.969
4 2.21 0.24 8.52 0.947
5 1.27 0.33 8.28 0.920
6 0.75 0.80 7.95 0.883
7 0.39 1.03 7.15 0.794
filter 0.00 6.12 6.12 0.680
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Figure 3.1.7.16. Nltrogen balance.
Date of Test: 21-0Oct-92
Fuel Rice Straw

Nitrogen




Figure 3.1.7.17. Sulfur balance.
Date of Test: 21-0c1-92
Fuel Rice Straw

Sulfur

63%




Relative Abundance

Figure 3.1.7.18. Relative abundance for major elements
from DRUM impactor, Rice Straw, 21-Oct-92 , (CEWF).
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Table 3.1.8.1

Fuel and Ash Analyses

Run Date 23-Cct-92
Fuel Type Rice Straw
Sample Type Fuet
Ukimate Analysis

(% dry weight)

c 36.86
H _ 4.99
N 0.72
Elemental Analysis

(% by weight dry basis)

N 0.77
P 0.08
K , 2.75
Ca 0.23
Mg 0.19
Na 0.09
Cl : 0.56
(mg/kg dry weight)

S 993
B 6
Zn 23
Mn 562
Fe 230
Cu 11
Si

Total (% dry weight) 46.70
Proximate Analysis

(% dry weight)

Ash . 22.30
Volatiles 6457
Fixed Carbon 13.13
Higher Heating Value

{(MJ/kg dry weight) 14.7934

23-0Oct-92
Rice Straw
Ash

12.28
0.61
0.39

0.44
0.32
9.52
0.80
0.62
0.32
1.69

1,580
14
68

1,830

747
10

27.04

85.26
10.13
4.61

4.4267



Table 3.1.8.2. Operating conditions and concentrations, 23 October 92.

Fuel: Rice Straw Date of Test: 23-0ct-92
Configuration: CRNF

Fuel Loading Rate (g/sq.m w.b.): 629
Total Fuel Consumption (kg w.b.) 64.9
Total Ash Recovered (kg w.b.) 16.6
Ash Fraction (w.b.) 0.26

Traverse 1 Traverse 2
Mean Values
Air Temperature (°C) 27.63 28.10
Air Relative Humidity (%) 34.57 31.85
inlet Air Temperature (°C) 31.79 32.39
Stack Temperature (°C) 55.87 59.45
impinger Outlet Temperature (°C) 22.74 20.42
Fire Spreading Rate (m/min) 0.97 1.13
Stack Gas Velocity (m/s) 2.41 2.31
Gas and PM Concentrations (less background)
CO (ppmv) 125.52 115.93
NOC (ppmv) 4.08 4.99
NOx {ppmv) 5.73 6.78
S02 (ppmv) 0.74 1.06
THC (ppmv as CH4) 29.69 27.09
HC (ppmv as CH4 by GC) 8.59 9.12
CH4 (ppmv) 3.78 4.06
NMHC (ppmv as CH4) 25.91 23.03
NMHC (ppmv as CH4 by GC) 4.81 5.06
CO2 (ppmv by GC) 2,405 2,660
Total S (ppmv as SO2) 0.86 1.08
PM (mg/cu.m) 21.95 23.89
PM10 (mg/cu.m) 21.51 23.41

PM2.5 (mg/cu.m) 20.63 22.10



Table 3.1.8.3. Mass balance, rice straw, 23 October 92.

Fuel: Date of Test:
Configuration:

Mass Balance

Traverse 1 Traverse 2
Total Conveyor Travel (m) 23.34 27.18
Fue! Moisture Content (% w.b.) 7.7 9.1
Fuel Loading Rate (g/sq.md.b.) 580 572
Total Fuel Consumption (g w.b.) 17,888 20,833
Total Fuel Consumption (g d.b.) 16,505 18,936
Residual Ash (g w.b.) 4,590 5,346
Fuel Vaporized (g w.b.) 13,298 15,487
Fuel Consumption Rate (g/s w.b.) 12.42 14.47
Fuel Consumption Rate (g/s d.b.) 11.46 13.15
Ash Generation Rate (g/s w.b.) 3.19 3.71
Fuel Vaporization Rate (g/s w.b.) 9.23 10.76
Stack Gas Density (kg/cu.m) 1.0742 1.0626
Stack Gas Flow Rate (cu.m/s) 3.58 3.44
Stack Gas Mass Flow Rate (kg/s) 3.84 3.65
Inlet Air Mass Flow Rate (kg/s) 3.84 3.64
Overall Air-Fuel Ratio (w.b.) 308.74 251.63
Overall Air-Fuel Ratio (d.b.) 334.61 276.84

23-Oct-92
CRNF



Table 3.1.8.4. Emission factors, rice straw 23 October 92 (integrated basis).

Fuel: Date of Test: 23-0Oct-92
Configuration: CRNF

Emission Faclors (% of fuel dry weight)
Integrated Basis

Traverse 1 Traverse 2 Average
Cco 4.033 3.123 3.578
NO 0.141 -0.144 0.142
NOx (as NO2) 0.305 0.299 0.302
S0O2 0.055 0.065 0.060
THC (as CH4) 0.481 0.369 0.425
HC {(as CH4 by GC) 0.159 0.140 0.149
CH4 (by GC) 0.070 0.062 0.066
NMHC (as CH4) 0.411 0.307 0.359
NMHC (as CH4 by GC) 0.089 0.078 0.083
CO2 (by GC) 122.393 112.067 117.230
Total S (as SO2) 0.064 0.066 0.065
SO02/Total S 0.87 0.99 0.93
PM 0.616 0.551 0.584
PM10 0.604 0.540 0.572
PM2.5 0.579 0.510 0.545
MMAD {(um) 0.176 0.181 0.179
o 5.191 5.406



Table 3.1.8.5. Emission factors, rice straw 23 October 92 (average basis).

Fuel: Date of Test: 23-0Oct-92
Configuration: CRNF
Emission Factors (% of fuel dry weight)
Average Basis
Traverse 1 Traverse 2 Average
co 4.065 3.108 3.586
NO 0.142 0.143 0.142
NOx (as NO2) 0.305 0.298 0.302
s02 0.055 0.065 0.060
THC (as CH4) 0.549 0.415 0.482
HC (as CH4 by GC) 0.159 0.140 0.149
CH4 (by GC) 0.070 0.062 0.066
NMHC (as CH4) 0.479 0.353 0.416
NMHC (as CH4 by GC) 0.089 0.078 0.083
CO2 (by GC) 122.393 112.067 117.230
Total S (as S0O2) 0.063 0.066 0.065
S02/Total S 0.86 0.98 0.92
PM 0.616 0.551 0.584
’ PM10 0.604 0.540 0.572
PM2.5 0.579 0.510 0.545
MMAD (um) 0.176 0.181 0.179
o 5.191 5.406



Table 3.1.8.6. Carbon balance.

Date of Test:
Fuel

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 (¢/s)

Maximum CO2 emission factor (%)

Stack Gas Density (kg/cubic meter)
Average CO2 concentration (ppmv)
Avarage CO concentration (ppmv)

Average THC concentration (ppmv as CH4)
PM Concentration (mg/cubic meter)

PM Carbon Concentration (%)

PM Carbon (mg/cubic meter)

Stack Gas Temperature (°C)

Impinger Temperature (°C)

PM molar concentration (ppm)

Estimated Average Stack Gas Velocity (mv's)

Emission Factors (% Average Basis):
co2

co

THC (as CH4)

PM

Emission Factors (% Integrated Basis}):
co2

co

THC (as CH4)

PM

Closure (% Average Basis)
Closure (% Integrated Basis)

23-Oct-92
Rice Straw
Traverse 1

11.46
3.19
27.84
3€.86
12.28
3.83
122.62
1.07
2,405
125.52
29.69
21.95
26.89
5.90

55.87 -

22,74
11.84
2.26

122.393
4.065
0.549
0.616

122.393
4.033
0.481
0.616

107
106

23-Oct-92
Rice Straw
Traverse 2

13.15
3.71
28.21
36.86
12.28
4.39
122.45
1.06
2,660
115.93
27.09
23.89
26.89
6.42
59.45
20.42
12.90
2.39

112.067
3.108
0.415
0.551

112.067
3.123
0.369
0.551

97
96




Table 3.1.8.7. Nitrogen balance

Date of Test: 23-Oct-92 23-Oct-92
Fuet Rice Straw Rice Straw
Traverse 1 Traverse 2
Nitrogen Balance
Fuel Nitrogen Concentration (% dry weight) 0.77 0.77
Ash Nitrogen Concentration (% weight) 0.44 0.44
Emission Factors (% Average Basis):
NOx (as NO2) 0.305 0.208
PM 0.616 0.551
Emission Factors (% Integrated Basis):
NOx (as NO2) 0.305 0.299
NO3- Concentration of PM (% weight) 0.160 0.160
NH4+ Concentration of PM (% weight) 7.414 7.414
Nitrogen Concentration of PM (%) 5.802 5.802
Fuel Nitrogen (mg/s) 88.24 101.26
Ash Nitrogen (mg/s) 14.04 16.32
Nitrogen as NOx (mg/s Average Basis) 10.64 11.93
Nitrogen as NOx (mg/s Integrated Basis) 10.64 11.97
Nitrogen as PM (mg/s Average Basis) 4.10 4.20
Nitrogen as NOx+PM {mg/s Average Basis) 14.73 16.13
Nitrogen as NOx+PM (mg/s Integrated Basis) 14.73 16.17
NOx+PM Nitrogen/Fusl Nitrogen (Average) 0.167 0.159
NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 0.167 0.160
Ash Nitrogen/Fuel Nitrogen 0.159 0.161
Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) 0.326 0.321
Ash+NOx+PM Nitrogen/Fuel Nitrogen (integrated) 0.326 0.321




Table 3.1.8.8. Sulfur balance.
Date of Test:
Fuel

Sulfur Balance

Fuel Sultur Concentration (mg/kg dry weight}
Ash Sulfur Concentration (mg/kg weight)

Emission Factors (% Average Basis)
SO2

PM

Emission Factors (% Integrated Basis)
§02 i

Sulfur Concentration of PM {% weight)

Fuel Sulfur (mg/s)

Ash Sulfur (mg/s) #

Sulfur as SO2 (mg/s Average Basis)

Sulfur as SO2 (mg/s Integrated Basis)
Sulfur as PM (mg/s Average Basis)

Sulfur as SO2+PM (mg/s Average Basis)
Sulfur as SO2+PM (mg/s Integrated Basis)
SO2+PM Suifur/Fuel Sultur (Average Basis)
S02+PM Sulfur/Fue! Sulfur (Integrated Basis)
Ash Sulfur/Fuel Sulfur

Closure (% Average Basis)

Closure (% Integrated Basis)

23-Oct-92
Rice Straw
Traverse 1

993
1,550

0.085
0.616

0.055

0.817
11.38
494
3.15
3.15
0.58
3.73
3.73
0.328
0.328
0.434
76

76

23-Oct-92
Rice Straw
Traverse 2

993
1,550

0.065
0.551

0.065

0.817
13.086
5.75
4.27
4.27
0.59
4.87
487
0.373
0.373
0.440
81

81




Table 3.1.8.9. Water balance.

Estimated Stack Humidity
Fuel Rice Straw
Configuration CRNF
Date of Test 23-0ct-92

Traverse 1 Traverse 2
Ambient Air Temperature °C) 28 28
Ambient Air Relative Humidity (%) 35 32
Air Temperature (K) 301 301
Saturation Pressure (Pa) 3,701 3,804
Vapor Pressure (Pa) 1,280 1,212
Air Dew Point Temperature (°C) 10.6 9.8
Ambient Volume Fraction Water Vapor 0.0126 0.0120
Ambient Mass Fraction Water Vapor 0.0078 0.0074
Fuel Burning Rate (g/s wet basis) 12.42 14.47
Fuel Moisture Content (%) 7.7 9.1
Ash Fraction (wet basis) 0.26 0.26
Fuel Hydrogen Content (%) 4.99 4.99
Ash Hydrogen Content (%) 0.61 0.61
Moisture Evaporated (g/s) 0.96 1.32
Water of Combustion (g/s) 4.97 5.70
Total Fuel Water Added (g/s) 5.93 7.02
Inlet Air Mass Flowrate (g/s) 3,840 3,640
Inlet Air Water Vapor Flowrate (g/s) 30 27
Total Stack Water Vapor Flowrate (g/s) 36 34
Stack Gas Mass Flowrate (g/s) 3,849 3,651
Mass Fraction Water Vapor in Stack 0.0094 0.0083
Volume Fraction Water Vapor in Stack 0.0151 0.0150
Stack Vapor Pressure (Pa) 1,528 1,522
Stack Temperature (°C) 56 59
Stack Temperature (K) 329 333
Stack Saturation Pressure (Pa) 16,428 19,442
Stack Relative Humidity (%) 9 8
Stack Dew Point Temperature (°C) 13.3 13.3
Impinger Outlet Temperature (°C) 22.7 204
Volume Stack Gas Sampled for PM (L) 257 253
Estimated tmpinger/Desiccant Weight Gain (g) 29 2.8
Totals:

Estimated Measured

Total Impinger/Desiccant Weight Gain (g) 5.7 6.9
Estimated/Measured Weight Gain 0.83



Table 3.1.8.10. Power balance.

Date of Test:
Fuel

Power Balance

Fuel Heating Value (MJ/kg dry weight)
Ash Heating Value (MJ/kg dry weight)
Average Energy Release Rate (kW)
Products of Incomplete Combustion (kW)
CcoO
THC (as CH4)
PM
Heat Release Rate (kW)
Fireline Intensity (kW/m)
Stack Gas Flow (kg/s) _
Stack Gas Temperature (°C)
inlet Temperature (°C)
Sensible Power at Top of Stack (kW)
Tunnel Dissipation (kW)

23-Oct-92
Rice Straw
Traverse 1

14.7934
4.4267
155.4

a7

3.5

146.6
120.2

56.87
31.79
93.0
53.6

23-Oct-92
Rice Straw
Traverse 2

14.7934
4.4267
178.1

4.1
3.0
0.6
170.3
139.7
3.65
59.45
32.39
99.4
70.9



Table 3.1.8.11. Mass concentrations (%) from DRI filter samples

Date 23-0a1-92 23-Oct-82
Fue Rice Straw Rice Straw
CRNF CRNF
Size Fraction PM2.5 __PM10
Teflon Filter ID ABTT043 ABTT044
Quanz Fiker ID ABTQ043 ABTQO044
Tellon Field Sample Flag
Quanz field sample fisld
Teflon mass sample flag
Quartz mass sample flag
Anions sample flag
Ammonium analysis flag
Sodium ion analysis flag
Magnesium ion analysis flag
Potassium ion analysis flag
Carbon analysis flag
XAF analysis flag
tUncertainty +Uncarain

Teflon sample volume (m*3) 0.24 0.01 0.24 0.01
Quartz sample volume (M?3) 0.24 0.01 024 o
Tefion mass concentration (ug/m*3) 18,233 814 19,238 964

Concentration (%) +Uncertainty  Concentration (%) tUncerlainty PM25/PM10
ci- 38.0001 3.139%4 34.9973 2.8843 1.08
NO3- 0.1673 0.0200 0.1598 0.0190 1.05
S04= 3.4331 0.2529 3.2312. 0.2380 1.06
NH44+ 8.3213 0.6320 7.4139 0.5679 1.12
Na+ 0.3192 0.0281 0.3002 0.0264 1.06
K+ 21,8542 1.6434 20.0559 1.5080 1.09
C(org) 22.6110 2.1850 19.3579 18742 117
C(oht) 19.1836 2.9254 16.6856 25481 1.15
C(e) 8.0118 0.7570 7.5352 07129 1.06
C(eht) 1.0329 06311 0.7581 0.4631 1.36
Cc 30.6229 26.8931 1.14
Al 0.0000 0.1233 0.0000 £.1097
Si 0.0859 0.1624 0.8392 0.0771 0.1
P 0.0000 0.3072 0.0000 02713
S 0.9064 0.1535 0.8169 0.1360 1.1
Cl 28.6228 2.027¢ 25.2706 1.7900 1.13
K 17.2113 12188 15.3427 1.0863 1.12
Ca 0.0589 0.2459 0.2083 02199 028
Ti 0.0036 0.0173 0.0305 0.0101 0.12
v 0.0027 0.0075 0.0023 0.0071 117
Cr 0.0027 0.0011 0.0029 0.0010 0.93
Mn 0.0175 0.0015 0.0598 0.0044 029
Fe 0.0124 0.0028 0.0702 0.0056 D.18
Co 0.0012 0.0005 0.0008 0.0013 150
Ni 0.0004 0.0007 0.0011 0.0005 0.36
Cu 0.0030 0.0006 0.0024 0.0005 125
Zn 0.0067 0.0007 0.0069 0.0007 0.97
Ga 0.0000 0.0014 0.0000 0.0013
As 0.0027 0.00t1 0.0024 0.0010 1.13
Se 0.0013 0.0006 0.0014 0.0006 0.93
Br 02176 0.0155 0.1841 0.0138 112
Rb 0.0142 0.0028 0.0127 0.0025 1.12
St 0.0010 0.0005 0.0016 0.0005 0.63
Y 0.0008 0.0016 0.0007 0.0015 1.14
Zr 0.0094 0.0010 0.0008 0.0011 11.75
Mo 0.0000 0.0021 0.0000 0.0019
Pd 0.0000 0.0089 0.0000 0.0083
Ag 0.0000 0.0088 0.0013 0.0083 0.00
Cd 0.0000 0.0106 0.0000 0.0098
In 0.0000 00116 0.0005 0.0108 0.00
Sn 0.0021 0.0143 0.0000 0.0132
Sb 0.0000 0.0159 0.0000 0.0146
Ba 0.0047 0.0510 0.0000 0.0474
La 0.0047 0.0674 0.0006 0.0629 7.83
Au 0.0000 0.0023 0.0000 0.0022
Hg 0.0000 0.0020 0.0001 a.0018 0.00
Ti 0.0001 0.0019 0.0004 0.0017 025
[ ] 0.0000 0.0025 0.0000 0.0023
U 0.0015 0.0043 0.0009 0.0039 167
Sum of measured species 86.6361 3.4020 77.6394 29824 112
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Table 3.1.8.12. Element ratios from DRI filter samples.

Date
Fuel
Configuration

Size Fraction
Teflon Filter ID
Quartz Filer ID

CHCI

K+K

Sulate 5/Total S
Clorg)/C

CIX

CHK+

Cl-MNa+

SK

S/Na+

AUSI

23-0c1-92 23-0Oct-92
Rice Straw Rice Straw
CRNF CRNF
PM2.5 PM10 PM2.5/PM10
ABTT043 ABTTO044
ABTQ043 ABTQO44
133 1.38 096
127 1.3 0.97
126 1.32 0.96
074 072 1.03
1.66 165 1.01
1.74 1.74 1.00
118.33 116.58 1.02
0.05 0.05 0.99
284 272 1.04
0.00 0.00
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Table 3.1.8.13. Emission factors (mg/kg) from DRI filter samples.

Date 23-0ct-92 23-0ct-92
Fuel Rice Straw Rice Straw
CRNF CRNF
Size Fraction PM2.5 PM10
Teflon Fiiter ID ABTT043 ABTTO44
Quartz Fiter ID ABTQ043 ABTQO44
Start Time 15:59
Stop Time 16:23
Start Time
End Time
Elapsed Time (minutes) 24 Travarse 2
PM (mg/m*3 by 1otal filter) 23.890
PM10 (by total fiiterimpacior) 23410
PM2.5 (by total filter/impactor) 22.100
PM emission factor (%) 0551
PM 10 emission tactor (%) 0.540
PM2.5 emission factor (%) 0510
tUncentai +Uncertain

Teflon sample volume (m*3) 0.24 0.0t 024 0.01
Quarz sample volume (M3) 0.24 0.01 024 0.01
Teflon mass concentration (mg/m"3) 18.233 0914 19.238 0.964
Teflon mass/Total mass 0.825 0.822

Emission (mg/dg) tUncenainty Emission (mg/kg) tUncertainty PM2.5/PM10
Cl- 2242.2467 160.1094 24341432 185.7522 0.92
NO3- 9.8484 1.0200 11.1145 1.0260 0.89
S04= 202.0960 12.8979 224.7374 12.8520 0.80
NH4+ 489.8493 32.2320 515.6539 30.6666 085
Na+ 18.7803 1.4331 20,8796 1.4256 0.90
K+ 1286.4894 83.8134 1384 9343 81.4320 0.92
Clorg) 1331.0398 111.4350 1346.3868 101.2068 0.99
C(oht) 1120.2764 149.1954 11680.5221 137.6514 0.97
C(e) 471.6358 38.6070 524.0906 38.4966 0.90
C(eht) 60.8036 32.1861 52.7276 25.0074 1.15
o4 1802.6757 0.0000 18704774 0.0000 0.86
Al 0.0000 62883 0.0000 5.0238
Si 5.6453 8.2824 58.3683 4.1634 0.10
P 0.0000 156672 0.0000 14.6502
S 53.3570 7.8285 56.8173 ° 7.3440 0.94
Cl 1684.9360 103.4076 1757.6287 96.6600 0.96
K 1013.1761 62.1588 1067.1203 58.6602 0.95
Ca 3.4673 12.5409 14 4877 11.8746 0.24
Ti 02119 0.8823 21213 0.5454 0.10
v 0.1588 0.3825 0.1600 0.3804 0.89
Cr 0.1589 0.0561 0.2017 0.0540 0.79
Mn 1.0302 0.0765 4.1592 02376 0.25
Fe 0.7288 0.1428 4.8826 0.3024 0.15
Co 0.0706 0.0255 0.0556 0.0702 127
Ni 00235 0.0357 0.0765 0.0270 0.31
Cu 0.1766 0.0306 0.1669 0.0270 1.06
Zn 0.3944 0.0357 0.479% 0.0378 0.82
Ga 0.0000 0.0714 0.0000 0.0702
As 0.1588 0.0561 0.1669 0.0540 0.95
Se 0.0765 0.0306 0.0974 0.0324 0.79
Br 12.8094 0.7905 13.5001 0.7452 095
Rb 0.8359 0.1428 0.8833 0.1350 085
Sr 0.0589 0.0255 0.1113 0.0270 053
Y 0.0471 0.0816 0.0487 0.0810 097
Zr 05533 0.0510 0.0556 0.0594 9.94
Mo 0.0000 0.1071 0.0000 0.1026
Pd 0.0000 0.4539 0.0000 0.4482
Ag 0.0000 0.4988 0.0804 0.5022 0.00
Cd 0.0000 0.5406 0.0000 05292
In 0.0000 0.5916 0.0348 0.5832 0.00
Sn 0.1236 0.7283 0.0000 0.7128
Sb 0.0000 0.8109 0.0000 0.7884
Ba 0.2767 26010 0.0000 2.5596
La 02767 3.4374 0.0417 3.3966 6.63
Au 0.0000 0.1173 0.0000 0.1188
Hg 0.0000 0.1020 0.0070 0.0972 0.00
Tl 0.0059 0.0969 0.0278 0.0918 0.21
Pb 0.0000 0.1275 0.0000 0.1242
1] 0.0883 02193 0.0626 0.2106 141
Sum of measured species 5,100 174 5,400 152 0.94
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Table 3.1.8.14. Element concentrations (ng/m*3) from CNL filter samples.

Fuel: Rice

Date: 23-Oct-92

Time: 15:20

Fiter ID: AG-48

Element Concentration +Uncertainty
-ng/m™3

H 353,750 28,500

Na 108,660 61,600

Mg

Al

Si 237,710 13,800

P

S

Cl 7,168,980 360,000

K 3,537,430 177,800

Ca

Ti 1,270 500

\ 2,180 600

Cr 8,150 1,300

Mn 11,500 1,400

Fe 10,880 700

Ni

Cu 460 100

Zn 360 100

As

Pb

Se

Br 27,110 1,500

RAb

Sr

Zr
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Table 3.1.8.15. Element emission factors (mg/kg) from CNL filter samples.

Fuel: Rice

Date: 23-Oct-92

Time: 15:20

Filter ID: AG-48

Fuel rate (g/s) 11.46

Stack gas flow rate (m"3/s) 3.58

Stack Temperature (°C) 55.87

Ambient Temperature (°C) : 27.63
Emission factor tUncertainty

Element (mg/kg) _(mg/kg)

H 101.0 8.1

Na , 31.0 17.6

Mg

Al

Si 67.9 3.9

P ,

S

Cl 2,047.3 102.8

K 1,010.2 50.8

Ca :

Ti 0.4 0.1

v 0.6 0.2

Cr 2.3 0.4

Mn 33 0.4

Fe ! 31 0.2

Ni

Cu 0.1 0.0

Zn 0.1 0.0

As ° .

Pb

Se _

Br 7.7 0.4

Rb

Sr

Zr
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Table 3.1.8.16. Element concentrations (ng/m#3) from CNL filter samples.

Fuel: Rice
Date: 23-0ct-92
Time:
Filter ID: AG-60

Concentration +Uncertainty

ng/m*3

H 705,120 46,500
Na 388,580 68,000
Mg
Al
Si 115,080 7,300
P
s
Cl 4,537,320 228,000
K 1,856,230 93,500
Ca
Ti
Vv 1,270 500
Cr 1,660 600
Mn 5,770 800
Fe 8,990 700
Ni 330 100
Cu 860 200
Zn 280 100
As 430 100
Pb
Se 910 300
Br 20,970 1,200
Rb
Sr
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Table 3.1.8.17. Element emission factors (mg/kg) from CNL filter samples.

Fuel: . Rice

Date: 23-Oct-92

Time:

Filter 1D: AG-60

Fuel rate (g/s) 13.15

Stack gas flow rate (m"3/s) 3.44

Stack Temperature (°C) 59.45

Ambient Temperature (°C) 28.10
Emission factor tUncentainty

Element (mg/kg) (mg/kg)

H 167.1 1.0

Na 92.1 16.1

Mg '

Al

Si 27.3 1.7

p

S 3

Cl 1,075.1 54.0

K 439.8 222

Ca

Ti

Vv 0.3 0.1

Cr 0.4 0.1

Mn 1.4 0.2

Fe 21 0.2

Ni 0.1 0.0

Cu 0.2 0.0

Zn 0.1 0.0

As 0.1 0.0

Pb '

Se 0.2 0.1

Br 5.0 0.3

Rb

Sr

Zr
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Table 3.1.8.18. Relative element concentrations by stage from DRUM impactor.

Stage 1: 10-15um

23-Oct-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) {-) (-)
H
Na
Mg
Al 82,345.66 5,949.43 22.0359 1
Si 21,701.40 2,283.29 5.8073 4
S
Cl 1,975.47 158.57 0.5286 1
K 3,736.89 238.43 1.0000 1
Ca 2,834.10 208.57 0.7584 1
Ti 613.16 77.86 0.1641 1
\Y)
Cr 38.09 21.14 0.0102 1
Mn 131.16 27.57 0.0351 1
Fe 11,217.54 586.29 3.0018 1
Ni
Cu 246.71 26.14 0.0660 1
Zn 339.83 58.57 0.0909 1
As
Se
Br
Rb
Sr

Pb



Table 3.1.8.19. Relative element concentrations by stage from DRUM impactor.

Stage 2: 5-10 um

23-0Oct-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) (-) (-)
H
Na
Mg
Al
Si 10,5688.29 558.29 1.8748 0.4879
S
Cl 3,611.36 217.57 0.6395 1.8281
K 5,647.56 361.71 1.0000 1.5113
Ca 3,077.33 309.29 0.5449 1.0858
Ti
Vv
Cr .
Mn 562.46 4343 0.0996 4.2884
Fe 1,021.03 71.14 0.1808 0.0910
Ni- — 22.36 6.86 0.0040
Cu -
Zn
As
Se
Br
Rb
Sr

Pb



Table 3.1.8.20. Relative element concentrations by stage from DRUM impactor.

Stage 3: 2.5-5um

23-0Oct-92 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) ()
H
Na
Mg
Al )
Si 8,703.89 471.14 0.6353 0.4011
S
Ci ' 11,452.04 619.00 0.8359 57971
K 13,699.90 767.57 1.0000 3.6661
Ca 5,931.89 460.00 0.4330 2.0930
Ti )
\
Cr
Mn 1,082.34 70.71 0.0790 8.2523
Fe 898.23 80.43 0.0656 0.0801
Ni
Cu
Zn
As
Se
Br
Rb
Sr

Pb



Table 3.1.8.21. Relative element concentrations by stage from DRUM impactotr.

Stage 4: 1.15-2.5 um
23-0ct-92

Concentration +Uncertainty
(relative)

Abundance
Relative to
Potassium

{=]

Abundance
Relative to
Stage 1

(-)

H 2,902.50 469.29.

Na

Mg

Al ’

Si 194.00 . 3743

Ci 10,482.99 564.43
K 8,870.57 486.14

Ti

Cr 59.94 17.00
Mn

Fe

Ni

Cu

Zn

As

Se

Br 54.00 13.00
Rb

Sr

Pb

0.3272

0.0219

1.1818
1.0000

0.0068

0.0061

0.0089

5.3066
2.3738

1.573¢9



Table 3.1.8.22. Relative element concentrations by stage from DRUM impactor.

Stage 5: 0.56 - 1.15 um

23-Oct-92 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) (-)
H 11,019.60 1,320.29 0.2360
Na
Mg
Al 85.34 62.14 0.0018 0.0010
Si :
S
Cl 87,000.21 4,408.71 1.8636 44.0402
K 46,683.39 | 2,396.57 1.0000 12.4926
Ca
Ti
Vv
Cr
Mn
Fe 164.60 34.29 0.0035 0.0147
Ni .
Cu 55.13 16.86 0.0012 0.2235
Zn
As
Se
Br 800.63 110.00 0.0172
Rb :
Sr

Pb



Table 3.1.8.23. Relative element concentrations by stage from DRUM impactor.

Stage 6: 0.34 - 0.56 um

Na
Mg
Al
Si

Cl

Ca
Ti

Cr
Mn
Fe
Ni
Cu
Zn

Se
Br
Rb
Sr
Pb

23-0Oct-92 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) {-)
13,825.39 1,356.29 0.3048
355.10 103.57 0.0078 0.0043
68,353.01 3,469.29 1.5067 34.6009
45,365.16 2,322.14 1.0000 12.1398
143.01 33.29 0.0032 3.7551
119.73 25.29 0.0026 0.0107
49,53 1357 0.0011 0.1457
479.69 83.57 0.0106
77.63 26.43 0.0017



Table 3.1.8.24. Relative element concentrations by stage from DRUM impactor.

Stage 7: 0.24 - 0.34 um

23-Oct-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) (-) (-)
H 21,696.69 2,088.14 0.2242
Na
Mg
Al 979.34 148.00 0.0101 0.0119
Si
S
Cl 224,629.17 11,300.86 2.3211 113.7091
K 96,776.14 4,909.00 1.0000 25.8975
Ca :
Ti
Vv
Cr
Mn
Fe
Ni 39.84 14.00 0.0004
Cu 92.49 2286 0.0010 0.3749
Zn
As
Se
Br 1,666.40 146.00 0.0172
Rb
Sr

Pb



Table 3.1.8.25. Relative element concentrations by stage from DRUM impactor.

Stage 8: <0.24um

23-0Oct-92 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) {-)
H 9,500.99 747.86 0.2400
Na
Mg
Al 528.77 97.57 0.0133 0.0064
Si
S
Ci 51,064.20 2,618.00 1.2900 25.8491
K 39,583.51 2,043.14 1.0000 10.5926
Ca
Ti
vV
Cr
Mn
Fe
Ni
Cu 150.31 26.29 0.0038 0.6093
Zn 140.16 32.00 0.0035 0.4124
AS e
Se
Br 456.34 103.86 0.0115
Rb
Sr

Pb



Table 3.1.8.26
VOC Concentrations (ppbv)

Date
Fuel
Traverse

23-Oct-92
Rice Straw
Traverse 1

23-Oct-92
Rice Straw
Traverse 2

Acetic acid

Propanone (acetone)

Methyl ester acetic acid (methylacetate)
Butane

Dimethyloxirane

Pentene

Methylbutanone (isopropylmethyl ketone)
Furancarboxaldehyde (furfural)
Benzens

Dimethylbutane

Hexane

Phenol

Dimethylfuran

2-methy! 2-cyclopenten-1-one
2-chloro phenol

Toluene

Benzonitrile

Benzaldehyde

Methylphenol (hydroxy toluene)
Styrene

Xylense

Trimethylpentane

Benzofuran
Methoxymethyiphenol (creosol)
Naphthalene

C10H12

Alpha-pinene

Camphene

A3-Carene

Limonene

No match ri. (6.7)

No match r.t. (8.51)

No match rt. (8.71)

No match r.t. (8.73)

No match r.t.{(6.4)

No match r.1.(8.5)

85.6
57.3

81.6

104.7

110.8

76.7
27.1

125

119.6

84.6
40.5

80.6

111

98.8

71.3
10.4

17.3

87.7



Table 3.1.8.27
VOC Emission Factors (mg/kg)

Date

Fuel

Travarse

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

Acstic acid

Propanone (acetone) °

Methyl ester acetic acid (methylacetate)
Butane

Dimethyloxirane

Pantene

Methylbutanone (isopropylmethyl ketone)
Furancarboxaldehyde {(furfural)
Benzene

Dimethylbutanse

Hexane

Phenol

Dimethylfuran

2-methyl 2-cyclopenten-1-one
2-chloro phenol

Toluene

Benzonitrile

Benzaidehyde

Methyiphenol (hydroxy toluene)
Styrene

Xylene

Trimethylpentane

Benzofuran
Methoxymethylphenol (creosol)
Naphthalene

Unknown

Alpha-pinene

Camphene

A3-Carene

Limonene

23-Oct-92
Rice Straw
Traverse 1
11.46

3.84

89
116

118

92
33

19

23-Oct-92

Rice Straw
Traverse 2
13.15

3.65

63
33

73
102

87

71
11

21


https://3.1.8.27

Table 3.1.8.28. PAH emission factors, rice straw, 23 October 1992 {zero indicates not detected).

Naphthalene
2-Methyl-naphthalene
Acsnaphthylene
Acenaphthens
Fluorene
Phenanthrene
Anthracene
Fiuoranthene

Pyrene
Benz{a]-anthracene
Chrysene
Benzo[b]-flucranthene
Benzolk])-flucranthene
Benzolalpyrene
Benzofe]pyrene
Perylene
Benzo{ghi]-perylene
Indeno[1,2,3-cd]-pyrene
Dibenz{a,h]-anthracene

Total

Traverse 1 Traverse 2 Traverse 1 Traverse 2 Impinger Total Total Total
Filter Filter Trap Sorbent Sorbent Rinsate Traverse 1  Traverse 2 Average
/g dry tuel
83 72 9 7911 7,374 7 7.989 7,462 7,726
8 48 -1 1,928 2,140 11 1,941 2,195 2,068
2 2 (1] 2,585 2,700 1 2,568 2,703 2,636
0 0 0 180 197 0 180 197 189
-12 2 2 40 6 7 34 9 2
-83 -25 4 2977 2,148 52 2,940 2,178 2,559
4 28 14 542 349 10 571 401 486
114 127 119 424 292 173 829 711 770
147 148 87 317 251 100 650 584 617
219 219 -3 120 100 12 347 327 as7
254 309 13 23 98 22 383 443 413
273 162 20 17 1" 0 310 192 251
319 85 23 17 14 0 360 103 231
152 23 0 23 13 0 176 244 209
155 340 1] 18 1 0 171 352 261
34 67 0 0 0 0 34 67 51
46 53 0 0 0 0 46 53 50
107 206 0 0 0 0 107 206 156
0 0 4] 0 0 0 0 1) 0
1,791 2,045 284 17,168 15,703 394 19,636 18,426 19,031



Figure 3.1.8.1. Ambient air conditions, 23 October 92,

Fuel Type: Rice Straw Test Date 23-Oct-g2
Configuration: CRNF
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Figure 3.1.8.2. Air temperature and relative humidity from CIMIS station.
Fuel: Rice Straw Date of Test: 23-Oct-92

Configuration: - CRNF
Hourly Average CIMIS Data for Davis, California
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Figure 3.1.8.3. Wind speed from CIMIS station.
Fuel: Rice Straw Date of Test: 23-Oct-92
Configuration: CRNF

Hourly Average CIMIS Data for Davis, California
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Figure 3.1.8.4. Wind direction and solar radiation from CIMIS station.
Fuel: Rice Straw Date of Test: 23-0Oct-92
Configuration: CRNF
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Figure 3.1.8.5. Inlet air, stack gas, and impinger temperatures, 21 October 92.

Fuel Type: Rice Straw Test Date 23-0ct-92
Configuration: CRNF
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Figure 3.1.8.6. Conveyor speed and stack gas velocity, 23 October 92.

Fuel Type: Rice Straw Test Date 23-0Oct-92
Configuration: CRNF
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Figure 3.1.8.7. Conveyor speed with 10 min moving average, 23 October 92.
Fuel Type:

Rice Straw Test Date 23-Oct-92
Configuration: CRNF
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Figure 3.1.8.8. Conveyor travel, 23 October 92.

Fuel Type:

Configuration:

Rice Straw
CRNF
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Figure 3.1.8.9. CO concentration in stack gas, 23 October 92.

Fuel Type:

Configuration:
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Figure 3.1.8.10. NO and NOx concentrations in stack gas, 23 October 92.
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Figure 3.1.8.11. SO2 concentrations in stack gas, 23 October 92.

Fuel Type: Rice Straw Test Date 23-Oct-92
Configuration: CRNF
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Figure 3.1.8.12. Total sulfur concentration in stack gas, 23 October 82.
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Figure 3.1.8.13. THC concentration in stack gas, 23 October 92.
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Figure 3.1.8.14. Particle size distribution, traverse 1, 23 October 92.

Fuel: Rice Straw

Particle Size Distribution

Traverse 1:

Stage ECD (um)

Date of Test:
Configuration:

Weight (mg) Cum. Wt (mg)

23-Oct-92
CRNF

Cum. Fraction

i 13.88 0.22 9. 49 1.000
2 7.78 0.21 9.27 0.977
3 415 0.2 9.06 0.855
4 219 0.26 8.86 0.934
5 1.26 0.46 8.6 0.906
6 0.74 1.04 8.14 0.858
7 0.39 1.16 71 0.748
filter 0.00 594 5.94 0.626
1.000
]
//
0.950
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- /
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: /
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L 0,800 /
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(&)
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Figure 3.1.8.15. Particle size distribution, traverse 2, 23 October 92.

Fuel: Rice Straw Date of Test: 23-0Oct-92
Configuration: CRNF

Particle Size Distribution

Traverse 2:

Stage ECD (um)  Weight (mg) Cum.Wt(mg) Cum. Fraction

1 13.92 0.28 10.73 1.000
2 7.80 0.30 10.45 0.974
3 416 0.27 10.15 0.946
4 2.20 0.32 8.88 0.921
5 1.27 0.51 956 0.891
6 0.74 1.07 9.05 0.843
7 0.39 1.35 7.98 0.744
filter 0.00 6.63 6.63 0.618
1.000
/
/
0.950 —
0.900 /
5 /
= 0.850
i
i
< 0.800 ]
8
= 0.750
S
B 0.700
g
E 0.650
o
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Flgure 3.1.8.16. Nitrogen balance.
Date of Test: 23-Oct-92
Fuel Rice Straw

Nitrogen




Figure 3.1.8.17. Sulfur balance.
Date of Test: 23-0ct-92
Fuel Rice Straw

Sulfur

44%
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Relative Abundance

Figure 3.1.8.18. Relative abundance for major elements
from DRUM impactor, Rice Straw, 23-Oct-92, (CRNF).
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P2 Traverse 2

Figure 3.1.8.19. Mass fraction of PAH on primary filter samples, 23 October 1992, rice straw.
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Table 3.2.1.1

Fuel and Ash Analyses
Run Date

Fuel Type

Sample Type

Ultimate Analysis

(% dry weight)
Cc
H
N

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

(% dry weight)
Ash

Volatiles
Fixed Carbon

Higher Heating Value

(MJ/kg dry weight)

11-Aug-92
Wheat Straw
Fuel

44,71
5.73
0.46

0.59
0.04
1.80
0.16
0.12
0.05
0.30

1,800
12

20
285

53.81

9.25
76.97
13.78

17.1408

11-Aug-92
Wheat Straw
Ash

18.85
1.25
0.36

0.47
0.20
13.04
0.97
0.62
0.36
1.04

6,800
21

152

467
15

37.55

74.92
18.22
6.86

7.2160



Table 3.2.1.2. Operating conditions and concentrations, 11 August 92.

Fuel: Wheat Straw Date of Test:
Configuration:

Fuel Loading Rate (g/sq.m w.b.): 392
Total Fuel Consumption (kg w.b.) 20.7
Total Ash Recovered (kg w.b.) 2.9
Ash Fraction (w.b.) 0.14

Traverse 1 Traverse 2
Mean Values
Air Temperature (°C) 21.17 27.14
Air Relative Humidity (%) 71.39 49.89
Iniet Air Temperature (°C) 26.05 32.32
Stack Temperature (°C) 34.26 42.54
Impinger Outlet Temperature (°C) 13.10 20.69
Fire Spreading Rate (m/min) 0.33 0.42
Stack Gas Velocity {mv/s) 2.03 215
Gas and PM Concentrations (less background)
CO (ppmv) 38.61 20.00
NO (ppmv) 0.88 1.31
NOx (ppmv) 1.147 1.68
S0O2 (ppmv) 0.18 0.29
THC (ppmv as CH4) 4.87 2.80
HC (ppmv as CH4 by GC) 3.24 1.84
CH4 (ppmv by GC) 0.33 0.98
NMHC (ppmv as CH4) 4.55 1.83
NMHC (ppmv as CH4 by GC) 2.91 0.87
CO2 (ppmv by GC) 666 764
Total S (ppmv as SO2) 0.23 0.35
PM {mg/cu.m) 4.20 422
PM10 (mg/cu.m) 411 414
PM2.5 {mg/cu.m) 3.86 3.85

11-Aug-92

CRNF



Table 3.2.1.3. Mass balance, wheat straw, 11 August 92.

Fuel: Wheat Straw Date of Test:
Configuration:

Mass Balance

Traverse 1 Traverse 2
Total Conveyor Travel (m) 15.62 20.05
Fuel Moisture Content (% w.b.) 7.4 73
Fuel Loading Rate (g/sq.m d.b.) 363 363
Total Fuel Consumption (g w.b.) 7,457 9,571
Total Fuel Consumption (g d.b.) 6,905 8,872
Residual Ash (g w.b.) 1,052 1,350
Fuel Vaporized (g w.b.) 6,405 8,221
Fuel Consumption Rate (g/s w.b.) 2.59 3.32
Fuel Consumption Rate (g/s d.b.) 2.40 3.08
Ash Generation Rate (g/s w.b.) 0.37 047
Fuel Vaporization Rate (g/s w.b.) 222 2.85
Stack Gas Density (kg/cu.m) 1.1497 1.1195
Stack Gas Flow Rate (cu.nvs) 3.02 3.20
Stack Gas Mass Flow Rate (kg/s) 3.47 3.58
Inlet Air Mass Flow Rate (kg/s) 3.47 3.58
Overall Air-Fuel Ratio (w.b.) 1339.74 1076.23
Overall Air-Fuel Ratio (d.b.) 1446.80 1160.99

11-Aug-92
CRNF



. Table 3.2.1.4. Emission factors, wheat straw, 11 August 92.

Fuel: Wheat Straw Date of Test: 11-Aug-92
Configuration: CRNF

Emission Factors (% of fueldry weight)
Integrated Basis

Traverse 1 Traverse 2 Average
Cco 5.378 2.244 3.811
NO 0.131 0.158 0.144
NOx (as NO2) 0.267 0.310 0.289
S02 0.057 0.075 0.066
THC (as CH4) 0.387 0.178 0.282
HC (as CH4 by GC) 0.259 0.118 0.188
CH4 (by GC) 0.026 0.063 0.044
NMHC (as CH4) 0.361 0.115 0.238
NMHC (as CH4 by GC) 0.233 0.056 0.144
CO02 (by GC) 146.181 134.747 140.464
Total S (as SO2) : 0.074 0.090 0.082
S02/Total S 0.77 0.83 0.80
PM © o 0.492 0.408 0.450 -
PM10 0.482 0.400 0.441
PM2.5 0.453 0.382 0.417
MMAD (um) ‘ 0.143 0.106 0.125

c 4.543

4.074



Table 3.2.1.5. Emission factors, wheat straw, 11 August 92.
Fuel: Wheat Straw Date of Test: 11-Aug-92
Configuration: CRNF

Emission Faclors (% of fuel dry weight)
Average Basis

Traverse 1 Traverse 2 Average
co 5.397 2.244 3.820
NO 0.131 0.157 0.144
NOx (as NO2) 0.269 0.309 0.289
S02 0.058 0.075 0.066
THC (as CH4) 0.389 0.180 0.285
HC (as CH4 by GC) . 0.259 0.118 0.188
CH4 (by GC) 0.026 0.063 0.044
NMHC (as CH4) 0.363 0.117 0.240
NMHC (as CH4 by GC) 0.233 0.056 0.144
CO2 (by GC) 146.181 134.747 140.464
Total S (as SO2) 0.075 0.090 0.082
SO2/Total S 0.77 0.83 0.81
PM 0.492 0.408 0.450
PM10 0.482 0.400 0.441
PM2.5 0.453 0.382 0.417
MMAD (um) 0.143 0.106 0.125

o 4.543 4.074



Table 3.2.1.6. Carbon balance.

Date of Test:
Fuel

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 (¢/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 (mg/cubic meter)

PM Carbon Concentration (%)

PM Carbon (mg/cubic meter)

Stack Gas Temperature (°C)

Impinger Temperature (°C)

PM molar concentration (ppm)

Estimated Average Stack Gas Velocity {m/s)

Emission Factors (% Average Basis):
co2

co

THC (as CH4)

PM

Emission Factors (% Integrated Basis):
co2

co

THC (as CH4)

PM

Closure (% Average Basis)
Closure (% Integrated Basis)

11-Aug-92
Wheat Straw
Traverse 1

2.40
0.37
15.42
4471
18.85
1.00
153.28
1.15
666
38.61
4.87
4.20
4156
1.75
34.26
13.10
3.42
1.99

146.181
5.397
0.389
0.492

146.181
£.378
0.387
0.492

102
102

11-Aug-92
Wheat Straw
Traverse 2

3.08
0.47
15.26
44.71
18.85
1.29
153.39
1.12
764
20.00
2.80
4.22
41586
1.75
42.54
20.69
3.52
2.37

134.747
2.244
0.180
0.408

134.747
2.244
0.178
0.408

91
90




Table 3.2.1.7. Nitrogen balance
Date of Test:
Fusel

Nitrogen Balance

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

Emission Factors (% Average Basis):
NOx (as NO2)

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

NQO3- 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 Nitrogen/Fuel Nitrogen (Integrated)

11-Aug-92
Wheat Straw
Traverse 1

0.59
0.20

0.269
0.492

0.267

0.305
4.797
3.800
14.16
0.74
1.96
1.85
0.45
2.41
2.40
0.170
0.169
0.052
0.223
0.222

11-Aug-92
Wheat Straw
Traverse 2

0.59
0.20

0.309
0.408

0.310

0.305
4.797
3.800
18.17
0.94
2.90
291
0.48
3.37
3.38
0.186
0.186
0.052
0.237
0.238




Table 3.2.1.8. Sulfur balance.
Date of Test:
Fuel!

Sulfur Balance

Fuel Sulfur Concentration (mg/kg dry weight)
Ash Sulfur Concentration (mg/kg weight)

Emission Factors (% Average Basis)
S02

PM

Emission Factors (% Integrated Basis)
S02

Sultur Concentration of PM (% weight)

Fuel Sulfur (mg/s)

Ash Sulfur (mg/s)

Sulfur as SO2 (mg/s Average Basis)

Sulfur as SO2 (mg/s Integrated Basis)
Sulfur as PM (mg/s Average Basis)

Sulfur as SO2+PM (mg/s Average Basis)
Sulfur as SO2+PM (mg/s Integrated Basis)
S02+PM Sulfur/Fuel Sulfur (Average Basis)
S02+PM Sulfur/Fuel Sulfur (Integrated Basis)
Ash Sulfur/Fuel Sulfur

Closure (% Average Basis)

Closure (% Integrated Basis)

11-Aug-92
Wheat Straw
Traverse 1

1,800
6,800

0.058
0.492

0.057

2.407
4.32
2.52
0.70
0.68
0.28
0.8
0.97

0.227

0.224

0.582

81
81

11-Aug-92
Wheat Straw
Traverse 2

1,800
6,800

0.075
0.408

0.075

2.407
5.54
3.20
1.16
1.16
0.30
1.46
1.46

0.263

0.263

0.576

84
84




Table 3.2.1.9. Water balance.

Estimated Stack Humidity
Fuel Wheat Straw
Configuration CRNF
Date of Test 11-Aug-92

Traverse 1 Traverse 2
Ambient Air Temperature °C) 21 27
Ambient Air Relative Humidity (%) 71 50
Air Temperature (K) 294 300
Saturation Pressure (Pa) 2,514 3,597
Vapor Pressure (Pa) 1,795 1,794
Air Dew Point Temperature (°C) 15.8 158
Ambient Volume Fraction Water Vapor 0.0177 0.0177
Ambient Mass Fraction Water Vapor 0.0110 0.0110
Fuel Burning Rate (g/s wet basis) 2.59 3.32
Fuel Moisture Content (%) 7.4 7.3
Ash Fraction (wet basis) 0.14 0.14
Fuel Hydrogen Content (%) 573 5.73
Ash Hydrogen Content (%) 1.25 1.25
Moisture Evaporated (g/s) 0.19 0.24
Water of Combustion (g/s) 1.20 1.53
Total Fuel Water Added (g/s) 1.39 1.78
Inlet Air Mass Flowrate (g/s) 3,470 3,580
inlet Air Water Vapor Flowrate (g/s) 38 39
Total Stack Water Vapor Flowrate (g/s) 40 a1
Stack Gas Mass Flowrate (g/s) 3,472 3,583
Mass Fraction Water Vapor in Stack 0.0114 0.0115
Volume Fraction Water Vapor in Stack 0.0183 0.0185
Stack Vapor Pressure (Pa) 1,859 1,874
Stack Temperature (°C) 34 43
Stack Temperature (K) 307 316
Stack Saturation Pressure (Pa) 5,402 8,444
Stack Relative Humidity (%) 34 22
Stack Dew Point Temperature (°C) 16.4 16.5
Impinger Outlet Temperature (°C) 131 20.7
Volume Stack Gas Sampled for PM (L) 548 521
Estimated Impinger/Desiccant Weight Gain (g) 7.7 7.2
Totals:

Estimated Measured

Total Impinger/Desiccant Weight Gain (g) 14.9 13.7
Estimated/Measured Weight Gain 1.09



Table 3.2.1.10. Power balance.

Date of Test:
Fuel

Power Balance

Fuel Heating Value (MJ/kg dry weight)
Ash Heating Value (MJ/kg dry weight)
Average Energy Release Rate (kW)
Products of incomplete 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 Temperature (°C)
Sensible Power at Top of Stack (kW)
Tunnel Dissipation (kW)

11-Aug-92
Wheat Straw
Traverse 1

17.1408
7.2160
38.5

1.3
0.5
0.2
36.5
29.9
3.47
34.26
26.05
28.7
7.8

11-Aug-92
Wheat Straw
Traverse 2

17.1408
7.2160
49.4

0.7
0.3
0.2
48.2
39.6
3.58
42.54
32.32
36.8
11.4



Table 3.2.1.11. Mass concentrations (%) from DRI filter samples

Date 11-Aug-92 11-Aug-92
Fusl Wheat Straw Wheat Straw
CRNF CRNF
Size Fraction PM2.5 PM10
Teflon Filler ID ABTT022 ABTT023
Quartz Filter ID ABTQ022 ABTQ023
Teflon Fisld Sample Flag
Quartz lield sample field
Teflon mass sample flag
Quartz mass sample flag
Anions sample flag
Ammonium analysis flag
Sodium ion analysis flag
Magnesium jon analysis flag
Polassium ion analysis flag
Carbon analysis flag
XRAF analysis flag
_#Uncertainty —tUncentainty.
Teflon sample volume (m"3) 0.30 0.02 0.30 0.02
Quartz sampie volume (m"3) 0.30 0.02 0.30 0.02
Teflon mass concentration {(ug/m”3) 3,080 162 3,150 166
Concentration (%) tUncartainty Concentration (%) Uncertainty PM2.5/PM10
Ck 28.8338 2.4262 28.1295 2.3649 1.03
NO3- 0.2857 0.0793 0.3048 0.0780 0.94
SO4= 6.3011 0.4784 6.3579 0.7041 0.99
NH4+ 49388 0.3733 4.7970 0.9622 1.03
Na+ 0.3377 0.0439 0.3882 0.0465 0.87
K+ 21.6000 1.6629 21.6857 1.6677 1.00
C(org) 25,4715 2.7293 26.3975 2.8030 096
C(oht) 24.8025 40218 25.8280 4.1688 0.96
C(e) 14.3398 1.3831 15.1640 1.4622 0.95
C(eht) 0.6277 0.4054 0.8735 0.6116 0.64
o] 39.8113 415615 0.86
Al 02107 0.0447 0.2354 0.0477 0.80
Si 0.1487 0.0730 0.4138 0.0802 0.36
P 0.0413 0.2428 0.0580 0.2663 0.70
s 2.1675 0.1911 2.4070 - 02111 0.80
Cl 21.8205 1.5893 23,9494 1.7420 0.91
K 18.9545 1.3788 212007 1.5402 0.89
Ca 0.0368 02728 0.0791 0.3047 0.47
Ti 0.0017 0.0729 0.0056 0.0671 0.30
v 0.0028 0.0317 0.0042 0.0292 0.67
Cr 0.0011 0.0069 0.0023 0.0065 048
Mn 0.0023 0.0048 0.0045 0.0032 0.51
Fe 0.0113 0.0127 0.0786 0.0137 0.14
Co 0.0008 0.0029 0.0007 0.0031 1.14
Ni 0.0005 0.0032 0.0013 0.0030 0.38
Cu 0.0022 0.0034 0.0015 0.0031 1.47
n 0.0128 0.0026 0.0138 0.0025 0.82
Ga 0.0000 0.0059 0.0000 0.0054
As 0.0000 0.0068 0.0000 0.0063
Se 0.0000 0.0037 0.0008 0.0035 0.00
Br 0.0896 0.0071 0.1018 0.0079 0.88
Rb 0.0090 0.0025 0.0082 0.0025 1.10
Sr 0.0000 0.0034 0.0021 0.0032 0.00
Y 0.0008 0.0043 0.0010 0.0039 0.80
Zr 0.0000 0.0052 0.0002 0.0047 0.00
Mo 0.0010 0.0088 0.0026 0.0080 0.38
Pd 0.0000 0.0323 0.0000 0.0308
Ag 0.0180 0.0373 0.0175 0.0355 1.08
Cd 0.0000 0.0394 0.0167 0.0378 0.00
In 0.0000 0.0440 0.0000 0.0418
Sn 0.0006 0.0560 0.0000 0.0527
Sb 0.0000 0.0636 0.0112 0.0603 0.00
Ba 0.0000 02185 0.0371 0.2045 0.00
La 0.0000 0.2931 0.0000 02757
Au 0.0000 0.0097 0.0038 0.0091 0.00
Ho 0.0051 0.0082 0.0016 0.0074 3.9
T 0.0000 0.0077 0.0000 0.0070
Pb 0.0000 0.0101 0.0024 0.0093 0.00
1] 0.0002 0.0080 0.0003 0.0074 067
Sum of measwred species 88.9143 3.7773 85.7159 3.9868 093
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Table 3.2.1.12. Element ratios from DRI filter samples.

Date
Fuel
Configuration

Size Fraction
Teflen Fitter ID
Quartz Filter ID

CLCI

K+/&

Sulfate S/Total S
Clorg)C

CIK

CH¥+

Cl/MNa+

SK

S/Na+

AUSI

11-Aug-92 11-Aug-92
Wheat Straw Wheat Straw
CRNF CRNF
PM2.5 PM10 PM2.5PM10
ABTTO022 ABTTO023
ABTQO22 ABTQ023
1.2 1.17 1.13
1.14 1.02 1.11
0.97 0.88 1.10
0.64 0.64 1.01
1.15 1.13 1.02
1.33 1.30 1.03
8538 72.48 1.18
0.11 0.1 1.01
6.42 6.20 1.04
1.42 057 249
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Table 3.2.1.13. Emission factors {(mg/kg) from DRI filter samples.

Date 11-Aug-92 11-Aug-92
Fuel Wheat Straw Wheat Straw
CRNF CRNF
Size Fraction PM2.5 PM10
Tellon Filter 1D ABTT022 ABTT023
Quartz Filter ID ABTQO22 ABTQO23
Start Time 811
Stop Time 8:41
Start Time
End Time
Elapsad Time (minutes) 30 Travetse 1
PM (mg/m*3 by total filter) 4.200
PM10 (by total fiterimpactor) 4110
PM2.5 (by total filter/impactor} 3.860
PM emission factor (%) 0.492
PM10 emission factor (%) 0.482
PM2.5 emission lactor (%) 0.453
#Uncertai _2Uncontainty
Teflon sample volume (m*3) 0.30 0.02 0.30 0.02
Quartz sample volume (m"3) 0.30 0.02 0.30 0.02
Teflon mass concentration (mg/m3) 3.080 0.162 3.150 0.166
Tefion mass/Total mass 0.798 0.766
Emission {mg/kg) Uncertainty Emission (mg/kg) dUncertainty  PM2.5/PM10
Cl- 1469.0226 109.9069 1416.5273 113.9882 1.04
NO3- 14.5558 3.5923 15.3489 3.7596 0.95
SO4= 321.0280 216715 3201671 33.9376 100
NH4+ 251.6217 16.9105 2415643 17.4580 1.04
Na+ 17.2051 1.9887 19.5487 22413 0.88
K+ 11004754 75.3204 1082.0348 80.3831 1.01
C(org) 1297.7203 123.6373 1329.3084 135.1048 0.98
C(oht) 1263.6362 182.1921 1300.6299 200.9362 097
C(e) 730.5832 62.6544 763.6190 704780 0.96
Cqeht) 31.9800 18.3648 49.0229 29.4791 0.65
[} 20283035 0.0000 20929274 0.0000 097
Al 10.7347 2.0245 11.8541 22991 0.91
Si 75760 3.3069 20.8379 3.8656 0.36
P 2.1041 10,9988 29711 12.8357 0.71
S 110.4286 8.6568 121.2102 10.1750 0.91
Cl 1111.7004 71.9953 1206.0285 83.9644 0.92
K 9656926 62.4596 1067.6113 742376 0.80
Ca 1.8748 12,3578 3.9833 14.6865 0.47
Ti 0.0866 3.3024 02820 3.2342 D0.31
v 0.1427 1.4360 0.2115 1.4074 067
Cr 0.0560 0.3126 0.1158 03133 D.48
Mn 0.1172 02174 0.2266 0.1542 0.52
Fe 05757 0.5753 3.9581 0.6603 0.15
Co 0.0408 0.1314 0.0353 0.1494 1.16
Ni 0.0255 0.1450 0.0655 0.1446 0.39
Cu 01121 0.1540 0.0785 0.1484 1.48
Zn 0.6521 0.1178 0.7000 0.1205 093
Ga 0.0000 0.2673 0.00C0 0.2603
As 0.0000 0.3080 0.0000 0.3037
Se 0.0000 0.1676 D.0403 0.1687 0.00
Br 45649 0.3216 5.1264 0.3808 0.89
Rb 0.4585 0.1133 0.4128 0.1205 1.11
Sr 0.0000 0.1540 0.1058 0.1542 0.00
Y 0.0408 0.1948 0.0504 0.1880 0.81
Zr 0.0000 0.2356 0.0101 0.2265 0.00
Mo 0.0509 0.3986 0.1309 0.3856 0.38
Pd 0.0000 1.4632 0.0000 1.4894
Ag 0.9680 1.6897 0.8813 1.711 1.10
Cd 0.0000 1.7848 0.8410 1.8220 0.00
in 0.0000 1.8932 0.0000 2.0148
Sn 0.0306 2.5368 0.0000 25401
Sb 0.0000 28811 0.5640 2.9065 0.00
Ba 0.0000 9.9434 1.8683 9.8569 0.00
La 0.0000 132774 0.0000 13.2887
AU 0.0000 0.4394 0.1914 0.4386 0.00
Hg 0.2598 0.3715 0.0806 0.3567 3.22
T 0.0000 0.3488 0.0000 0.3374
Pb 0.0000 0.4575 0.1208 0.4483 0.00
U 0.0102 0.3624 0.0151 0.3567 0.67
Sum of measured species 4,530 7 4,820 181 0.94
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Table 3.2.1.14. Element concentrations (ng/m*3) from CNL filter samples.

Fuel: Wheat

Date: 11-Aug-92

Time: 9:20

Fitter 1D: AG-31

Element Concentration +Uncertainty
ng/m*3

H 35,230 7,800

Na 24,920 15,800

Mg 20,120 5,100

Al 23,520 8,300

Si 12,240 4,400

P

S 32,590 2,700

Cl 402,810 21,000

K 476,960 24,500

Ca

Ti 1,060 400

Vv

Cr

Mn

Fe 5,930 500

Ni

Cu 1,030 200

Zn

As

Pb

Se

Br 2,130 300

Rb

Sr

Zr
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Table 3.2.1.15. Element emission factors (mg/kg) from CNL filter samples.

Fuel: Wheat

Date: 11-Aug-92

Time: 9:20

Fitter 1D: AG-31

Fuel rate (g/s) 3.08

Stack gas flow rate (m"3/s) 3.20

Stack Temperature (°C) 42.54

Ambient Temperature (°C) 2714
Emission factor tUncertainty

Element {mg/kg) (mg/kg)

H 348 7.7

Na 246 156

Mg 19.9 5.0

Al 23.2 8.2

Si 121 43

P

S 32.2 2.7

Cl 398.1 20.8

K 471.4 242

Ca

Ti 1.0 0.4

Vv

Cr

Mn

Fe 5.9 0.5

Ni

Cu 1.0 0.2

Zn

As

Pb

Se

Br 21 0.3

Rb

Sr

Zr
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Table 3.2.1.16. Relative element concentrations by stage from DRUM impactor.

Stage 1: 10-15um

11-Aug-92 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1

(relative) (-) {(-)

Na

‘Mg
Al
Si 2,256.25 . 15717 7.6723 1
S 222 .44 33.52 0.7564 1
Cl
K 294.08 4135 1.0000 1

Ti 48.14 15.39 0.1637 1
Vv 64.45 19.04 0.2192 1
Cr

Mn

Fe

Ni

Cu

Zn

Se
Br
Rb
Sr
Pb



Table 3.2.1.17. Relative element concentrations by stage from DRUM impactor.

Stage 2: 5-10 um

11-Aug-82 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) (-)
H
Na
Mg
Al
Si 827.27 75.39 3.3432 0.3667
S 143.92 35.87 0.5816 0.6470
Cl
K 247.45 38.61 1.0000 0.8414
Ca 199.21 39.39 0.8051
Ti 0.0000
v 0.0000
Cr 38.87 15.13 0.1571
Mn 55.07 13.04 0.2226
Fe 215.53 24.26 0.8710
Ni
Cu
Zn
As
Se
Br
Rb
Sr

Pb



Table 3.2.1.18. Relative element concentrations by stage from DRUM impactor.

Stage 3: 2.5-5um

11-Aug-92 Abundance Abundance
Relative to Relative to
Concentration tUncentainty Potassium Stage 1
(relative) {-) (-)
H
Na
Mg
Al
Si 366.23 51.52 0.1628
s 137.32 35.48 0.6173
Cl 65.88 22.04
K
Ca
Ti 135.38 3717 2.8120
\") 52.27 19.04 0.8110
Cr 51.68 12.26
Mn ' 43.19 11.09
Fe 419.40 39.26
Ni
Cu
Zn
As
Se
Br
Rb
Sr

Pb



Table 3.2.1.19. Relative sloment concentrations by stage from DRUM impactor.

Stage 4: 1.15-2.5um

11-Aug-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) (-) (-)
H 407.02 64.7 2.1622
Na
Mg
Al
Si ;
S 89.39 27.78 0.4748 0.4018
Cl 154.42 32.35 0.8203
K 188.24 44.09 1.0000 0.6401
Ca _ 73.25 24.52 0.3891
Ti
\ 144.50 27.91 0.7676 2.2421
Cr 49.34 15.91 0.2621
Mn 87.27 21.65 ‘ 0.4636
Fe 100.79 2491 0.5354
Ni
Cu
Zn
As
Se
Br
Rb
Sr

Pb



Table 3.2.1.20. Relative element concentrations by stage from DRUM impactor.

Stage 5: 0.56-1.15 um

11-Aug-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) {-) (-
H
Na
Mg
Al
Si 227.99 57.39 0.6913 0.1010
S
Cl 339.56 70.83 1.0295
K 329.82 40.83 1.0000 1.1215
Ca
Ti
v 75.72 18.13 0.2296 1.1749
Cr .
Mn 37.60 9.52 0.1140
Fe 101.80 26.09 0.3087
Ni
Cu
Zn
As
Se
Br
Rb
Sr

Pb



Table 3.2.1.21. Relative element concentrations by stage from DRUM impactor.

Stage 6: 0.34 - 0.56 um

11-Aug-92 Abundance
Relative to

Concentration +Uncertainty Potassium
(relative) (-)

Abundance
Relative to
Stage 1
(=)

H 1,134.55 143.87 0.1270
Na

Mg

Al . 124.13 36.39 0.0139
Si

Cl 6,543.77 365.09 0.7322
K 8,936.71 483.65 1.0000
Ca

Ti

Cr

Mn 50.86 12.39 0.0057
Fe

Ni

Cu

Zn

Se

Br

Rb

Sr

Pb 104.53 30.00 0.0117

30.3889



Table 3.2.1.22. Relative element concentrations by stage from DRUM impactor.

Stage 7: 0.24 - 0.34 um

11-Aug-92 : Abundance
Relative to

Concentration +Uncertainty Potassium
(relative) (-)

Abundance
Relative to
Stage 1

{=)

H 716.73 277.83
Na

Mg

Al

Si

Cl 207.86 48.78

Ca 84.12 28.30
Ti

Cr 84.99 18.52
Mn
Fe 29.06 7.83
Ni 24.67 8.09
Cu
Zn

Se
Br
Rb
Sr
Pb



Table 3.2.1.23. Relative element concentrations by stage from DRUM impactor.

Stage 8: <0.24 um

11-Aug-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) (-) (-)
H 1,324.42 286.70 0.3823 ;
Na
Mg
Al
Si 73.70 T 29.74 0.0213 0.0327
S
cl 2,488.10 160.83 0.7182
K 3,464.13 - 209.48 1.0000 11.7796
Ca
Ti
v
Cr 35.41 15.00 0.0102
Mn 16.59 9.13 0.0048
Fe 49 84 11.09 0.0144
Ni 0.0000
Cu 581.57 42.26 0.1679
Zn : 371.07 3443 0.1071
As
Se
Br
Rb
Sr

Pb
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Table 3.2.1.24
VOC Concentrations (ppbv)

Date
Fuel
Traverse

11-Aug-92  11-Aug-92
Wheat Straw Wheat Straw
Traverse 1 Traverse 2

Acetic acid
Propanone (acetone)

Maethyl 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

Methyiphenol (hydroxy toluens)
Styrene

Xylene

Trimethylpentane

Benzofuran
Methoxymethylphenol (creosol)
Naphthalene

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)

No match r.t.(6.4)

No match r.t.(8.5)

33.7 245
12.1 2.3
9.7 7.9
6.9 2.2
17.8 20.2
9.2 5
3.4 1.1
1.7 1.1
148 6.3
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Table 3.2.1.25
VOC 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 (isopropylmethy! ketone)
Furancarboxaldehyde (furfural)
Benzene

Dimethylbutane

Hexane

Phenol

Dimethylfuran

2-methyl 2-cyclopenten-1-one
2-chioro phenol

Toluene

Benzonitrile

Benzaldehyde

Methylphenol (hydroxy toluene)
Styrene

Xylene

Trimethylpentane

Benzofuran
Methoxymethylphenol (creosol)
Naphthalene

Unknown

Alpha-pinene

Camphens

A3-Carene

Limonene

11-Aug-92 11-Aug-92
Wheat Straw Wheat Straw
Traverse 1 Traverse 2

2.40 3.08
3.47 3.58
131 77
57 8
45 29
37 S
91 84
49 21
20 5
75 6
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Table 3.2.1.28. PAH emission factors, wheat straw, 11 August 1992 (zero Indicates not detected).

Naphthalene
2-Methyt-naphthalens
Acsnaphthylene
Acsnaphthene
Fluorene

Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benz{a]-anthmacene
Chrysens
Benzo[b]-fluoranthene
Benzofk]-fluoranthene
Benzo{a]pyrens
Benzo{e]pyrene
Perylene
Benzo{ghi}-perylens
Indeno([1,2,3-cd]-pyrene
Dibenz[a,h}-anthracene

Tolal

Traverse 1

Traverse 2 Traverse 1 Traverse 2 Impinger Total Total Total

Filter Filter Trap/Tubing Sorbent Sorbent Rinsate Traverse 1  Traverse 2 Average
pg/kg dry fuel

49 95 37 669,189 26,498 36 669,311 26,666 347,988

10 32 0 493 942 6 508 681 745

28 85 0 3,542 531 2 3,572 818 2,095

0 21 0 0 8 0 0 27 13

4 7 0 533 95 13 551 115 333

248 276 48 2,920 2,100 158 3,372 2,582 2,977

55 83 0 987 540 47 1,090 650 870

532 434 85 669 549 58 1,314 1,085 1,205

484 377 75 509 498 74 1121 1,022 1,071

285 274 0 0 72 12 297 358 327

400 252 0 0 77 47 447 377 412

508 124 0 0 12 0 508 136 321

274 328 0 0 0 0 274 326 300

237 78 0 0 0 0 237 78 158

144 221 4] 0 0 0 144 221 182

0 16 0 0 0 0 0 16 8

0 0 0 0 0 0 0 0 0

1] 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

3,238 2,681 215 678,843 31,918 453 682,746 35,266 359,006



Figure 3.2.1.1. Ambient air conditions, 11 August 92.

Fuel Type: Wheat Straw Test Date 11-Aug-92
Configuration: CRNF
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Figure 3.2.1.2. Air temperature and relative humidity from CIMIS station.

Fuel: Wheat Straw Date of Test: 11-Aug-92
Configuration: CRNF
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Figure 3.2.1.3. Wind speed from CIMIS station.
Fuel: Wheat Straw Date of Test: 11-Aug-92
Configuration: CRNF
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Figure 3.2.1.4. Wind direction and solar radiation from CIMIS station.
Fuel: Wheat Straw Date of Test: 11-Aug-92
Configuration: CRNF
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Figure 3.2.1.5. Inlet air, stack gas, and impinger temperatures, 11 August 92.

Fuel Type: Wheat Straw Test Date 11-Aug-92
Configuration: CRNF
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Figure 3.2.1.6. Conveyor speed and stack gas velocity, 11 August 92.

Fuel Type: Wheat Straw Test Date 11-Aug-92
Configuration: CRNF
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Figure 3.2.1.7. Conveyor speed with 10 min moving average, 11 August 92.

Fuel Type: Wheat Straw Test Date 11-Aug-92
Configuration: CRNF
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Figure 3.2.1.8. Conveyor travel, 11 August 92

Fuel Type: Wheat Straw Test Date
Configuration: CRNF
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Figure 3.2.1.9. CO concentration in stack gas, 11 August 82.
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Figure 3.2.1.10. NO and NOx concentrations in stack gas, 11 August 92.

Fuel Type: Wheat Straw Test Date 11-Aug-92
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Figure 3.2.1.11. SO2 concentration in stack gas, 11 August 92.

Fuel Type: Wheat Straw Test Date 11-Aug-92
Configuration: CRNF
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Figure 3.2.1.12. Total sulfur concentration in stack gas, 11 August 92.

Fuel Type: Wheat Straw Test Date 11-Aug-92
Configuration: CRNF
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Figure 3.2.1.13. THC concentration in stack gas, 11 August 82.
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Figure 3.2.1.14. Particle size distribution, traverse 1, 11 August 92,

Fuel: Wheat Straw

Particle Size Distribution
Traverse 1:

Stage ECD (um)

Date of Test:
Configuration:

11-Aug-92

CRNF

Weight (mg) Cum. Wt (mg) Cum. Fraction

1 13.47 0.1 . 36 1.000
2 7.55 01 35 0.972
3 4.02 0.1 34 0.944
4 213 0.1 3.3 0.917
5 1.22 0.1 3.2 0.889
6 0.72 0.3 31 0.861
7 0.38 0.4 2.8 0.778
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Figure 3.2.1.15. Particle size distribution, traverse 2, 11 August 92.

Fuel: Wheat Straw
Date of Test: 11-Aug-92
Configuration: CRNF
Particle Size Distribution
Traverse 2:
Stage ECD (um) Weight (mg) Cum. Wt (mg) Cum. Fraction
1 13.28 0.1 4.2 1.000
2 7.44 0.1 4.1 0.976
3 3.97 0.1 4.0 0.952
4 2.10 0.2 3.9 0.929
5 1.21 0.1 3.7 0.881
6 0.71 0.3 3.6 0.857
7 0.37 0.3 3.3 0.786
fitter 0.00 3.0 3.0 0.714
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Figure 3.2.1.16. Nitrogen balance.
Date of Test: 11-Aug-92
Fuel Wheat Straw

Nitrogen




Figure 3.2.1.17. Sulfur balance.
Date of Test: ) 11-Aug-92
Fuel Wheat Straw

58%




Relative Abundance

Figure 3.2.1.18. Relative abundance of major elements
from DRUM impactor, Wheat Straw, 11 August 92,
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Table 3.2.2.1

Fuel and Ash Analyses
Run Date

Fuel Type

Sample Type

Ultimate Analysis

(% dry weight)
o]
H
N

Elemental Analysis

(% by waight 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

(% dry weight)
Ash

Volatiles
Fixed Carbon

‘Higher Heating Value

(MJ/kg dry weight)

13-Aug-92
Wheat Straw
Fuel

43.84
5.80
0.52

0.66
0.05
1.87
0.06
0.10
0.06
0.27

1,870
15

23
217

52.92

9.51
75.50
14.98

17.5369

13-Aug-92
Wheat Straw
Ash

17.06
0.92
0.36

0.46
0.23
14.97
0.37
0.30
0.25
1.08

6,690
39

51

88
768
1"

36.41

80.21
14.86
4.92

5.3845



Table 3.2.2.2. Operating conditions and concentrations, 13 August 92.

Fuel: Wheat Straw Date of Test: 13-Aug-92
Configuration: CEWF

Fuel Loading Rate (g/sq.m w.b.): 389
Total Fuel Consumption (kg w.b.) 25.1
Total Ash Recovered (kg w.b.) 29
Ash Fraction (w.b.) 0.1

Traverse 1 Traverse 2
Mean Values
Air Temperature (°C) 23.03 24.30
Air Relative Humidity (%) 80.92 68.95
Intet Air Temperature (°C) 23.76 27.05
Stack Temperature {°C) 26.37 31.40
Impinger Outlet Temperature (°C) 15.59 19.63
Fire Spreading Rate (m/min) 0.24 0.31
Stack Gas Velocity (m/s) 3.02 2.68
Gas and PM Concentrations (less background)
CO (ppmv) 36.84 38.79
NO (ppmv) 0.25 0.30
NOx (ppmv) 0.39 0.48
S02 (ppmv) 0.04 0.05
THC (ppmv as CH4) 8.76 6.98
HC (ppmv as CH4 by GC) 5.18 5.98
CH4 (ppmv by GC) 2.13 2.56
NMHC (ppmv as CH4) 6.63 4.42
NMHC (ppmv as CH4 by GC) 3.05 3.42
CO2 (ppmv by GC) 245 277
Tolal S (ppmv as SO2) 0.05 0.06
PM (mg/cu.m) 3.44 3.47
PM10 (mg/cu.m) 3.44 3.38

PM2.5 (mg/cu.m) 3.23 3.26



Table 3.2.2.3. Mass balance, wheat straw, 13 August 82.

Fuel: Wheat Straw Date of Test:
Configuration:

Mass Balance

Traverse 1 Traverse 2
Total Conveyor Travel (m) 11.64 14.72
Fuel Moisture Content (% w.b.) 7.0 7.4
Fuel Loading Rate (g/sq.m d.b.) 362 361
Total Fuel Consumption (g w.b.) 5,525 6,987
Total Fuel Consumption (g d.b.) 5,138 6,470
Residual Ash (g w.b.) 635 803
Fuel Vaporized (g w.b.) 4,890 6,184
Fuel Consumption Rate (g/s w.b.) 1.92 243
Fuel Consumption Rate (g/s d.b.) 1.78 2.25
Ash Generation Rate (g/s w.b.) 0.22 0.28
Fue! Vaporization Rate (g/s w.b.) 1.70 2.15
Stack Gas Density (kg/cu.m) 1.1800 1.1605
Stack Gas Flow Rate (cu.mvs) 4.49 3.98
Stack Gas Mass Flow Rate (kg/s) 5.30 4.62
Inlet Air Mass Flow Rate (kg/s) 5.30 4.62
Overall Air-Fuel Ratio (w.b.) 2763.31 1904.53
Overall Air-Fuel Ratio (d.b.) 2971.30 2056.72

13-Aug-92
CEWF



Table 3.2.2.4. Emission factors, wheat straw, 13 August 92 (integrated basis).

Fuel: Wheat Straw Date of Test: 13-Aug-92
Configuration: CEWF

Emission Factors (% fuel dry weight)
Integrated Basis

Traverse 1 Traverse 2 Average
CO 10.576 8.479 9.527
NO 0.078 0.071 0.074
NOx (as NO2) 0.182 0.171 0.177
S02 0.029 0.026 0.027
THC (as CH4) 1.432 0.899 1.165
HC (as CH4 by GC) 0.850 0.679 0.764 -
CH4 (by GC) 0.349 0.291 0.320
NMHC (as CH4) 1.082 0.608 0.845
NMHC (as CH4 by GC) 0.501 0.388 0.444
CO2 (by GC) 110.418 86.604 98.511
Total S (as SO2) 0.031 0.029 0.030
S02/Total S 0.93 0.89 091
PM 0.835 0.591 0.713
PM10 0.835 0.577 0.706
PM2.5 0.785 0.556 0.671
MMAD (um) 0.203 0.226 0.215
o 5.358 3.331



Table 3.2.2.5. Emission factors, wheat straw, 13 August 82 (average basis).

Fuel: Wheat Straw Date of Test: 13-Aug-92
Configuration: CEWF

Emission Factors (% fuel dry weight)
Average Basis

Traverse 1 Traverse 2 Average
co 10.572 7.707 9.140
NO 0.078 0.065 0.071 -
NOx (as NO2) 0.182 0.157 0.169
S02 0.028 0.024 0.026
THC (as CH4) 1.436 0.792 1.114
HC (as CH4 by GC) 0.850 0.679 0.764
CH4 (by GC) 0.349 0.291 0.320
NMHC (as CH4) 1.087 0.502 0.794
NMHC (as CH4 by GC) 0.501 0.388 0.444
CO2 (by GC) 110.418 86.604 98.511
Total S (as SO2) 0.031 0.027 0.029
S02/Total S 0.91 0.89 0.90
PM 0.835 0.591 0.713
PM10 0.835 0.577 0.706
PM2.5 0.785 0.556 0.671
MMAD (um) 0.203 0.226 0.215
o 5.358 3.331



Table 3.2.2,6. Carbon balance.

Date of Test:
Fuel

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 {(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 {(mg/cubic meter)

PM Carbon Concentration (%)

PM Carbon (mg/cubic meter)

Stack Gas Temperature (°C)

Impinger Temperature (°C)

PM molar concentration (ppm)

Estimated Average Stack Gas Velocity (mvs)

Emission Factors (% Average Basis):
co2

co

THC (as CH4)

PM

Emission Faclors (% Integrated Basis):
co2

cO

THC (as CH4)

PM

Closure (% Average Basis)
Closure (% Integrated Basis)

13-Aug-92
Wheat Straw
Traverse 1

1.78
0.22
12.36
43.84
17.06
0.74
153.02
1.18
245
36.84
8.76
3.44
62.88
2.16
26.37
15.59
427
347

110.418
10.572
1.436
0.835

110.418
10.576
1.432
0.835

87
86

13-Aug-92
Wheat Straw
Traverse 2

2.25
0.28
12.44
43.84
17.06
0.94
152.96
1.16
277
38.79
6.98
3.47
62.88
2.18
31.40
19.63
4,37
4.02

86.604
7.707
0.792
0.591

86.604
8.479
0.899
0.591

67
87




Table 3.2.2.7. Nitrogen balance
Date of Test:
Fusl

Nitrogen Balance

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

Emission Factors (% Average Basis):
NOx (as NO2)

PM

Emission Factors (% Integrated Basis):
NOx (as NO2)

NO3- Concentration of PM (% weight)

NH4+ Concentration of PM (% waeight)

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 Nitrogen/Fuel Nitrogen (Integrated)

13-Aug-92
Wheat Straw
Traverse 1

0.66
0.46

0.182
0.835

0.182

0.406
2.083
1.712
11.75
1.01
0.99
0.99
0.25
1.24
1.24
0.106
0.106
0.086
0.192
0.192

13-Aug-92
Wheat Straw
Traverse 2

0.66
0.46

0.157
0.581

0.171

0.406
2.083
1.712
14.85
1.29
1.08
117
0.23
1.30
1.40
0.088
0.094
0.087
0.174
0.181




Table 3.2.2.8. Sulfur balance.
Date of Test:
Fuel

Sulfur Balance

Fuel Suffur Concentration (mg/kg dry weight)
Ash Suffur Concentration (mg/kg weight)

Emission Factors (% Average Basis)
802

PM

Emission Factors (% Integrated Basis)
S02

Sulfur Concentration of PM (% weight)

Fuel Sulfur (mg/s)

Ash Sulfur (mg/s)

Sulfur as SO2 (mg/s Average Basis)

Sulfur as SO2 (mg/s Integrated Basis)
Sulfur as PM (mg/s Average Basis)

Sulfur as SO2+PM {mg/s Average Basis)
Sulfur as SO2+PM {mg/s Integrated Basis)
S02+PM Sulfur/Fuel Sulfur {Average Basis)
S02+PM Sulfur/Fuel Sulfur (Integrated Basis)
Ash Sulfur/Fuel Sulfur

Closure (% Average Basis)

Closure (% Integrated Basis)

13-Aug-92
Wheat Straw
Traverse 1

1,870
6,680

0.028
0.835

0.02¢8

1.310
3.33
1.47
0.25
0.26
0.19
0.44
0.45

0.133

0.136

0.442

58
58

13-Aug-92
Wheat Straw
Traverse 2

1,870
6,690

0.024
0.591

0.026

1.310
4.21
1.87
0.27
0.29
0.17
0.44
0.47

0.106

0.111

0.445

55
56




Table 3.2.2.8. Water balance.

Estimated Stack Humidity
Fuel Wheat Straw
Configuration CEWF
Date of Test 13-Aug-92

Traverse 1 Traverse 2
Ambient Air Temperature °C) 23 24
Ambient Air Relative Humidity (%) 81 69
Air Temperature (K) 296 297
Saturation Pressure (Pa) 2,816 3,039
Vapor Pressure (Pa) 2,278 2,096
Air Dew Point Temperature (°C) 19.6 18.3
Ambient Volume Fraction Water Vapor 0.0225 0.0207
Ambient Mass Fraction Water Vapor 0.0140 0.0128
Fuel Burning Rate (g/s wet basis) 1.92 2.43
Fuel Moisture Content (%) 7.0 7.4
Ash Fraction (wet basis) 0.11 0.1
Fue! Hydrogen Content (%) 5.80 5.80
Ash Hydrogen Content (%) 0.92 0.92
Moisture Evaporated (g/s) 0.13 0.18
Water of Combustion {g/s) 0.91 1.15
Total Fuel Water Added (g/s) 1.05 1.33
Inlet Air Mass Flowrate (g/s) 5,300 4,620
Inlet Air Waler Vapor Flowrate (g/s) 74 59
Total Stack Water Vapor Flowrate (¢/s) 75 61
Stack Gas Mass Flowrate (g/s) 5,302 4,622
Mass Fraction Water Vapor in Stack 0.0141 0.0131
Volume Fraction Water Vapor in Stack 0.0228 0.0211
Stack Vapor Pressure (Pa) 2,310 2,142
Stack Temperature (°C) 26 3
Stack Temperature (K) 300 305
Stack Saturation Pressure (Pa) 3,437 4,599
Stack Relative Humidity (%) 67 47
Stack Dew Point Temperature (°C) 198 18.6
Impinger Outlet Temperature (°C) 15.6 19.6
Volume Stack Gas Sampled for PM (L) 669 662
Estimated Impinger/Desiccant Weight Gain (g) 116 10.5
Totals:

Estimated Measured

Total impinger/Desiccant Weight Gain (g) 221 241
Estimated/Measured Weight Gain 0.92



Table 3.2.2.10. Power balance.

Date of Test:
Fuel

Power Balance

Fuel Heating Value (MJ/kg dry weight)
Ash Heating Value (MJ/kg dry weight)
Average Energy Release Rate (kW)
Products of Incomplete 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 Tempaerature (°C)
Sensible Power at Top of Stack (kW)
Tunnel Dissipation (kW)

13-Aug-92
Wheat Straw
Traverse 1

17.5369
7.2160
29.6

1.8
1.4
0.3
26.0
21.3
5.30
26.37
23.76
138
12.1

13-Aug-92
Wheat Straw
Traverse 2

17.5369
7.2160
374

1.8
1.0
0.3
344
28.2
4.62
31.40
27.05
20.2
14.2



Table 3.2.2.11. Mass concentrations (%) from DR filter samples

Date 13-Aug-92 13-Aug-92
Fuel Wheat Straw Wheat Straw
CEWF CEWF
Size Fraction PM2.5 PM10
Tefion Filter ID ABTT025 ABTTO026
Quanz Fiher ID ABTQ025 ABTQO26
Teflon Field Sample Flag
Quartz field sample field
Teflon mass sample flag
Quartz mass sample flag
Anions sample flag
Ammonium analysis flag
Sodium ion analysis 1lag
Magnesium ion analysis flag
Potassium ion analysis flag
Carbon analysis fiag
XRF analysis flag
tUncertainty tUncenainty
Teflon sample volume (MA3) 045 0.02 0.45 0.02
Quartz sample volume (m*3) 0.45 0.02 0.45 0.02
Teflon mass concantration (ug/m*3) 2,289 120 2347 122
Concentration (%) tUncertainty _Concentration (%) tUncertainty PM2.5/PM10
Ck 14.4052 1.2091 14.0506 1.1784 1.03
NO3- 0.3990 0.0745 0.4062 0.0731 0.98
S04= 3.2847 02615 3.1214 0.2390 1.05
NH4+ 2227 0.1751 2.0828 0.1647 1.07
Na+ 0.2552 0.0366 02436 0.0354 1.05
K+ 11.2681 0.8637 10.8906 0.8416 1.03
C(org) 48.8113 48718 49.7875 49518 088
C(oht) 458811 7.1383 47.6681 7.3937 0.96
C(e) 13.7379 1.3226 13.0966 12604 1.05
C(eht) 0.7379 0.4663 1.7045 1.0464 0.43
Cc 62.5492 62.8841 0.99
Al 0.t052 0.0291 0.1382 0.0292 0.76
Si 0.1066 0.0573 0.3298 0.0605 0.32
P 0.0518 0.1363 0.0673 0.1320 077
S 1.3329 0.1139 1.3098 0.1113 1.02
Cl 12.05823 0.8742 11.6431 0.8436 1.04
K 11.7150 0.8480 11.3426 0.8202 1.03
Ca 0.0330 0.1695 0.0590 0.1642 0.56
Ti 0.0001 0.0631 0.0081 0.0600 0.01
v 0.0000 0.0274 0.0010 0.0261 0.00
Cr 0.0000 0.0060 0.0007 0.0058 0.00
Mn 0.0010 0.0042 0.0040 0.0029 0.25
Fe 0.0133 0.0114 0.1050 0.0135 0.13
Co 0.0000 0.0025 0.0000 0.0031
Ni 0.0000 0.0028 0.0006 0.0027 0.00
Cu 0.0000 0.0029 0.0011 0.0028 0.00
Zn 0.0053 0.0022 0.0067 0.0021 0.79
Ga 0.0000 0.0051 0.0009 0.0049 0.00
As 0.0000 0.0059 0.0002 0.0056 0.00
Se 0.0000 0.0032 0.0000 0.0031
Br 0.0502 0.0043 0.0458 0.0040 1.10
Rb 0.0038 0.0020 0.0033 0.0020 1.15
Sr 0.0000 0.0030 0.0005 0.0028 0.00
0.0000 0.0037 0.0008 0.0035 0.00
Zr 0.0000 0.0045 0.0003 0.0042 0.00
Mo 0.0000 0.0076 0.0010 0.0072 0.00
Pd 0.0000 0.0274 0.0126 0.0268 0.00
Ag 0.0092 0.0317 0.0026 0.0304 354
cd 0.0016 0.0340 0.0143 0.0327 0.11
in 0.0016 0.0388 0.0043 0.0363 0.37
Sn 0.0000 0.0481 0.0084 0.0466 0.00
Sb 0.0000 0.0544 0.0000 0.0527
Ba 0.0000 0.1914 0.0000 0.1828
La 0.0000 02562 0.0221 0.2473 0.00
Au 0.0000 0.0084 0.0010 0.0080 0.00
Hg 0.0000 0.0070 0.0031 0.0067 0.00
TI 0.0000 0.0067 0.0000 0.0063
Pb 0.0000 0.0087 0.0015 0.0083 0.00
U 0.0000 0.0067 0.0000 0.0063

Sum of measwred species 90.9133 52141 80.7568 5:2628 1.00
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Table 3.2.2.12. Element ratios from DRI filter samples.

Date
Fuel
Configuration

Size Fraction
Teflon Fitter 1D
Quartz Filter ID

Ci-/Ci

K+K

Sukate S/Total §
C{org}C

CIX

ChK+
Cl-Na+
S/K
S/MNa+
AVSi

13-Aug-82 13-Aug-92
Wheat Straw Wheat Straw
CEWF CEWF
__PMm2s PM10 PM2.5/PM 10
ABTT025 . ABTT026
ABTQo025 ABTQO026
120 1.21 0.99
086 0.97 0.99
0.82 0.79 1.03
0.78 0.79 0.99
1.03 1.03 1.00
128 128 1.00
56.45 5768 0.98
0.1 0.12 0.99
52 5.38 097
099 0.42 238
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Table 3.2.2.13. Emission factors (mg/kg) tfrom DRI filter samples.

Date 13-Aug-92 13-Avg-92
Fuel Wheat Straw Wheat Straw
CEWF CEWF
Size Fraction PM2.5 PM10
Tefion Filter 1D ABTT025 ABTT026
Quartz Filter ID ABTQ025 ABTQO26
Start Time 9:18
Stop Time 10:03
Stan Time
End Time
Elapsed Time {minutes) 45 Traverse 2
PM (mg/m*3 by total filter) 3.470
PM10 (by total filter/impactor} 3.380
PM2.5 (by total filter/impactor) 3.260
PM emission factor (%) 0.591
PM 10 emission factor (%) 0.577
PM2.5 gmission factor (%) 0.556
_£Uncertainty __tncartainty
Teflon sample volume (m*3) 0.45 0.02 0.45 0.02
Quartz sample volume (m*3) 0.45 0.02 0.45 0.02
Tefloh mass concantration (mg/m"3) 2.289 0.120 2.347 0.122
Teflon mass/Total mass 0.702 . 0.694
Emission (mg/kg)  tUncertainty Emission (mg/kg) tUncertainty PM2.5/PM10
Cl- 880.9812 672260 8932880 67.9937 099
NO3- 24,4017 41422 25.8248 42179 0.94
SO4= 200.8830 13.9834 168 4477 13.7903 1.01
NH4+ 136.2031 9.735 132.41M 95032 1.03
Na+ 15.6073 2.0350 15.4872 20426 1.01
K+ 680.1251 48.0217 698.7439 48.5603 099
C(org) 2585.1609 2708721 3165.3152 285.7188 0.94
C{oht) . 2805.9582 396.9451 30630.5711 426.6165 083
Cle) 8401711 73.5366 832.6360 727251 1.01
C{eht) 45.1279 25.9263 108.3661 60.3773 042
(o] 3825.3320 0.0000 3997.9512 0.0000 0.96
Al 6.4337 1.6180 8.7863 1.6848 0.73
Si 65194 3.1859 20.9675 3.4909 oNn
P 3.1679 75783 42787 76164 0.74
s 81.5164 6.3328 832725 6.4220 0.98
Ci T737.0845 48.6055 740.2276 48 6757 1.00
K 716 4562 47,1488 7211228 47.3255 099
Ca 20182 9.4242 3.7510 0.4743 0.54
Ti 0.0061 3.5084 0.5150 3.4620 0.01
v 0.0000 1.5234 0.0636 1.5060 0.00
Cr 0.0000 0.3336 0.0445 0.3347 0.00
Mn 0.0612 0.2335 0.2543 0.1673 024
Fe 0.8134 0.6338 6.6755 0.7790 0.12
Co 0.0000 0.1390 0.0000 0.1789
Ni 0.0000 0.1557 0.0381 0.1558 . 0.00
Cu 0.0000 0.1612 0.0699 0.1616 0.00
2n 0.3241 0.1223 0.4260 0.1212 076
Ga 0.0000 0.2836 0.0572 02827 0.00
As 0.0000 0.3280 0.0127 0.3231 0.00
Se 0.0000 0.1779 0.0000 0.1788
Br 3.0701 02391 29118 0.2308 105
Rb 02324 0.1112 0.2008 0.1154 111
Sr 0.0000 0.1668 0.0318 0.1616 0.00
Y 0.0000 0.2057 0.0509 0.2020 0.00
Zr 0.0000 0.2502 0.0191 02423 0.00
Mo 0.0000 0.4226 0.0636 04154 0.00
Pd 0.0000 1.5234 0.8011 15464 0.00
Ag 05626 1.7625 0.16853 1.75414 3.40
Cd 0.0979 1.8904 0.9091 1.8868 0.11
In 0.0979 2.1573 0.2734 2.0945 0.36
Sn 0.0000 26744 0.5340 26888 0.00
Sb 0.0000 3.0246 0.0000 3.0408
Ba 0.0000 10.6418 0.0000 10.5476
La 0.0000 14.2447 1.4050 14.2692 0.00
Au 0.0000 0.4670 0.0636 0.4616 0.00
Hg 0.0000 0.3892 0.1871 0.3866 0.00
T 0.0000 0.3725 0.0000 0.3635
Pb 0.0000 0.4837 0.0954 0.4789 0.00
U 0.0000 03725 0.0000 0.3635
Sum of measured species 5.560 290 5,770 293 0.98


https://3.2.2.13

Table 3.2.2.14. Element concentrations (ng/m*3) from CNL filter samples.

Fuel: Wheat

Date: 13-Aug-92

Time: 8:20

Filter I1D: AG-32

Element Concentration +Uncertainty
ng/m"3

H 86,800 7,800

Na

Mg 10,390 2,700

Al

Si 17,790 1,500

P

S 30,730 2,300

Cl 427,590 21,700

K 412,500 20,800

Ca

Ti

v 180 100

Cr :

Mn 380 100

Fe 4,880 300

Ni 210 100

Cu 190 100

Zn

As

Pb

Se

Br 1,390 100

Rb

Sr

2r


https://3.2.2.14

Table 3.2.2.15. Element emission factors (mg/kg) from CNL filter samples.

Fuel: Wheat

Date: 13-Aug-92

Time: 8:20

Filter 1D: AG-32

Fuel rate (g/s) 1.78

Stack gas flow rate (m"3/s) 449

Stack Temperature (°C) 26.37

Ambient Temperature (°C) 23.03
Emission factor +Uncertainty

Element _(mag/kg) (mg/kg)

H 216.5 19.5

Na

Mg 259 6.7

Al

Si 44 4 3.7

P

S 76.7 57

Cl 1,066.6 54.1

K 1,028.9 521

Ca

Ti

Vv 0.5 0.2

Cr

Mn 0.9 0.2

Fe 12.2 0.7

Ni 0.5 0.2

Cu 0.5 0.2

Zn

As

Pb

Se

Br 35 0.2

Rb

Sr

Z2r


https://3.2.2.15

Table 3.2.2.16. Relative element concentrations by stage from DRUM impactor.

Stage 1: 10-15pum

13-Aug-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) {(-) {-)
H
Na
Mg
Al
Si 10,675.87 581.09 7.9860 1
S 200.15 55.45 0.1497 1
Cl 537.58 97.64 0.4021 1
K 1,336.82 124.73 1.0000 1
Ca 2,596.55 212.55 1.9423 1
Ti 107.25 36.91 0.0802 1
v .
Cr
Mn : 226.13 25.09 0.1692 1
Fe 1,843.35 112.91 1.3789 1
Ni 17.91 8.18 0.0134 1
Cu 248.51 27.45 0.1859 1
Zn 327.91 28.00 0.2453 1
As
Se
Br
Rb
Sr

Pb


https://1,843.35
https://2,596.55
https://1,336.82
https://10,675.87
https://3.2.2.16
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	Figure 3.1.5.5. Inlet air and stack gas temperatures, 25 August 92. 
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	Figure 3.1.5.6. Conveyor speed and stack gas velocity, 25 August 92. 
	Figure 3.1.5.6. Conveyor speed and stack gas velocity, 25 August 92. 
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	Figure 3.1.5.7. Conveyor speed with 10 min moving average, 25 August 92. 
	Fuel Type: Rice Straw Test Date 25-Aug-92 Configuration: CEWF 
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	Figure 3.1.5.8. Conveyor travel, 25 August 92. 
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	Table 3.1.6.1 
	Table 3.1.6.1 
	Table 3.1.6.1 

	Fuel and Ash Analyses 
	Fuel and Ash Analyses 

	Run Date 
	Run Date 
	2-Sep-92 
	2-Sep-92 
	2-Sep-92 
	2-Sep-92 

	Fuel Type 
	Fuel Type 
	Rice Straw 
	Rice Straw 
	Rice Straw 
	Rice Straw 

	Sample Type 
	Sample Type 
	Fuel 
	Fuel 
	Ash 
	Ash 

	TR
	Type 1 
	Type2 . 
	Type 1 
	Type 2 

	Ultimate Analysis 
	Ultimate Analysis 

	(% dry weight) 
	(% dry weight) 

	C 
	C 
	39.94 
	39.06 
	12.65 
	8.46 

	H 
	H 
	5.46 
	5.33 
	o.n 
	0.54 

	N 
	N 
	0.53 
	0.65 
	0.52 
	0.20 

	Elemental Analysis 
	Elemental Analysis 

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

	N 
	N 
	0.67 
	0.73 
	0.44 
	0.38 

	p 
	p 
	0.07 
	0.06 
	0.28 
	0.26 

	K 
	K 
	2.15 
	0.85 
	9.03 
	3.17 

	Ca 
	Ca 
	0.31 
	0.31 
	1.36 
	1.40 

	Mg 
	Mg 
	0.30 
	0.18 
	0.99 
	0.68 

	Na 
	Na 
	0.22 
	0.08 
	0.72 
	0.46 

	Cl 
	Cl 
	0.96 
	0.22 
	3.09 
	0.70 

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

	s 
	s 
	1,090 
	805 
	2,100 
	1,470 

	B 
	B 
	so 
	7 
	151 
	21 

	Zn 
	Zn 
	22 
	26 
	71 
	92 

	Mn 
	Mn 
	735 
	737 
	3,240 
	3,410 

	Fe 
	Fe 
	279 
	209 
	1,160 
	1,440 

	Cu 
	Cu 
	8 
	13 
	13 
	12 

	Si 
	Si 

	Total (o/o dry weight) 
	Total (o/o dry weight) 
	50.30 
	47.00 
	30.00 
	16.69 

	Proximate Ana~sis 
	Proximate Ana~sis 

	(% dry weight) 
	(% dry weight) 

	Ash 
	Ash 
	16.62 
	17.18 
	80.05 
	85.21 

	Volatiles 
	Volatiles 
	68.93 
	70.54 
	13.60 
	10.16 

	FDCed Carbon 
	FDCed Carbon 
	14.44 
	12.28 
	6.34 
	4.63 

	Hiiher Heatinll Value 
	Hiiher Heatinll Value 

	(MJ/kg dry weight) 
	(MJ/kg dry weight) 
	15.8597 
	15.7993 
	4.1TT5 
	2.7824 

	Type 1 straw: 1987 crop year in large rectangular bales. 
	Type 1 straw: 1987 crop year in large rectangular bales. 

	Type 2 straw: 1991 crop year in small rectangular bales. 
	Type 2 straw: 1991 crop year in small rectangular bales. 


	Table 3.1.8.2. Operating condition• and concenlrationa, rice atraw, 2 September 92. 
	Fuel: 
	Fuel Loading Rate (g/aq.m w.b.): Total Fuel Consumption (kg w.b.) Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	Rice Straw 
	Type 1 618 44.5 8.9 0.20 
	DalB ofTest: 
	DalB ofTest: 
	DalB ofTest: 
	2-Sep-92 

	Configuration: 
	Configuration: 
	CEWF 

	Type2 
	Type2 

	635 
	635 

	74.9 
	74.9 

	13.8 
	13.8 

	0.18 
	0.18 

	Type 1 
	Type 1 
	Type2 

	Traverse 1 
	Traverse 1 
	Traverae 21 
	Traverse 3 
	Traverse 41 


	Mean Values 
	Air Temperature (°C) Air Relative Humidity(%) Inlet Air Temperature (°C) Stack Temperature (°C) lmpinger Outlet Temperature (°C) 
	Fire Spreading Ra■ (mhnin) Stack Gas Velocity (m/a) 
	CO(ppmv) NO(ppmv) NOx (ppmv) S02 (ppmv) THC (ppmv as CH4) HC (ppmv as CH4 by GC) CH4 (ppmv) NMHC (ppmv as CH4) 
	Gas and PM Concentrations {!!ss backgroundl 

	·NMHC (ppmv as CH4, by GC) CO2 (ppmv by GC) Total S (ppmv as 502) 
	PM (mg/cu.m) PM10 (mg/cu.m) PM2.5 (mg/cu.m) 
	17.87 79.16 21.06 
	26.37 
	13.59 
	0.37 2.95 
	45.15 0.66 0.96 0.16 8.55 3.28 1.75 
	6.80 
	1.53 501 0.21 
	4.05 
	3.73 
	2.96 
	21.35 
	67.38 
	24.27 32.07 16.00 
	0.43 3.11 
	40.33 0.87 1.21 0.21 4.53 3.46 1.76 2.n 1.70 
	809 0.29 
	809 0.29 
	4.57 4.52 4.43 
	26.54 
	50.21 29.13 43.69 17.41 
	0.71 3.96 
	40.00 2.06 2.63 0.36 4.33 3.33 2.08 2.25 1.25 
	1,023 
	0.40 
	3.71 
	3.64 3.43 
	28.86 41.n 31 .45 42.79 16.56 
	0.55 3.49 
	55.35 1.49 1.98 0.28 5.41 3.47 1.86 3.55 1.61 
	1,054 0.34 
	3.46 
	3.39 
	3.25 

	Table 3.1.6.3. Mau balance, rice •1r-,2 Sept.mber 92. Fuel: Rice Straw Date of Test: 2-Sep-92 Configuration: CEWF Mass Balance 
	Type 1 Type2 Traverae 1 Traverae 21 Traverse 3 Traverse 41 
	Total Conveyor Travel (m) Fuel Moisture Content(% w.b.) Fuel Loading Rate (g/sq.m d.b.) Total Fuel Consumption (g w.b.) Total Fuel Consumption (g d.b.) Residual Ash (g w.b.) Fuel Vaporized (g w.b.) Fuel Consumption Rate (g/s w.b.) Fuel Consumption Rate (g/s d.b.) Ash Generation Rate (g/s w.b.) Fuel Vaporization Rate (gs w.b.) 
	Stack Gas Density {kg/cu.m) Stack Gas Flow Rate (cu.mis) Stack Gas Mus Flow Rate {kg/s) lrietAir Mass Flow Rate {kg/s) Overall Air-Fuel Ratio {w.b.) Overall Air-Fuel Ratio {d.b.) 
	17.64 8.0 569 13,294 12,231 2,655 10,639 4.62 4.25 
	0.92 
	3.69 
	1.1800 4.39 5.18 5.18 1121.59 1219.12 
	20.75 8.0 569 15,639 14,388 3,123 12,516 5.43 5.00 1.08 4.35 
	20.75 8.0 569 15,639 14,388 3,123 12,516 5.43 5.00 1.08 4.35 
	1.1580 4.63 5.36 5.36 086.39 1072.16 

	34.08 26.30 8.0 8.0 584 584 26,378 20,358 24,267 18,729 4,850 3,743 
	21,528 16,615 9 .16 7.07 8.43 6.50 1.68 1.30 7.47 5.n 
	1.1155 1.1187 5.88 5.19 6.56 5.81 6.55 5.80 
	715.17 821.06 
	m.36 892.45 
	Table 3.1.6.4. Emission factors, rice straw, 2 September 92 (Integrated basis). 
	Table 3.1.6.4. Emission factors, rice straw, 2 September 92 (Integrated basis). 
	Table 3.1.6.4. Emission factors, rice straw, 2 September 92 (Integrated basis). 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	2-Sep-92 

	TR
	Configuration: 
	CEWF 

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

	Integrated Basis 
	Integrated Basis 

	Type 1 
	Type 1 
	Type2 
	Type 1 
	Type2 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Traverse 3 
	Traverse 4 
	Avera 
	Avera 
	e 


	co 
	co 
	co 
	5.302 
	3.587 
	3.006 
	4.766 
	4.445 
	3.886 

	NO 
	NO 
	0.084 
	0.089 
	0.165 
	0.137 
	0.086 
	0.151 

	NOx (as NO2) 
	NOx (as NO2) 
	0.186 
	0.191 
	0.324 
	0.278 
	0.188 
	0.301 

	SO2 
	SO2 
	0.042 
	0.047 
	0.061 
	0.054 
	0.045 
	0.058 

	THC (asCH4) 
	THC (asCH4) 
	0.575 
	0.213 
	0.185 
	0.267 
	0.394 
	0.226 

	HC (as CH4 by GC) 
	HC (as CH4 by GC) 
	0.220 
	0.205 
	0.143 
	0.171 
	0.213 
	0.157 

	CH4 (by GC) 
	CH4 (by GC) 
	0.118 
	0.104 
	0.089 
	0.091 
	0.111 
	0.090 

	NMHC (as CH4) 
	NMHC (as CH4) 
	0.457 
	0.109 
	0.095 
	0.175 
	0.283 
	0.135 

	NMHC (as CH4 by GC) 
	NMHC (as CH4 by GC) 
	0.103 
	0.101 
	0.054 
	0.080 
	0.102 
	0.067 

	CO2 (byGC) 
	CO2 (byGC) 
	92.755 
	131.644 
	120.818 
	142.806 
	112.199 
	131.812 

	Total S (as SO2) 
	Total S (as SO2) 
	0.055 
	0.061 
	0.069 
	0.066 
	0.058 
	0.068 

	SO2/Total S 
	SO2/Total S 
	0.77 
	0.78 
	0.88 
	0.82 
	0.774 
	0.850 

	PM 
	PM 
	0.401 
	0.401 
	0.237 
	0.253 
	0.401 
	0.245 

	PM10 
	PM10 
	0.369 
	0.397 
	0.233 
	0.248 
	0.383 
	0.240 

	PM2.5 
	PM2.5 
	0.293 
	0.389 
	0.220 
	0.238 
	0.341 
	0.229 

	MMAD 
	MMAD 
	0.056 
	0.184 
	0.135 
	0.084 
	0.120 
	0.109 

	0 
	0 
	2.331 
	4.020 
	4.568 
	3.736 


	Table 3.1.6.5. Emleslon factors, rice straw, 2 September 92 (average basis). 
	Table 3.1.6.5. Emleslon factors, rice straw, 2 September 92 (average basis). 
	Table 3.1.6.5. Emleslon factors, rice straw, 2 September 92 (average basis). 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	2-Sep-92 

	TR
	Configuration: 
	CEWF 

	Emission Factors {o/o fuel d!l weightl 
	Emission Factors {o/o fuel d!l weightl 

	Average Basis 
	Average Basis 

	Type 1 
	Type 1 
	Type2 
	Type 1 
	Type2 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Traverse 3 
	Traverse 4 
	Avera 
	a 
	Avera 
	a 


	co 
	co 
	co 
	5.319 
	4.178 
	3.006 
	4.774 
	4.748 
	3.890 

	NO 
	NO 
	0.084 
	0.097 
	0.166 
	0.137 
	0.090 
	0.152 

	NOx (as NO2) 
	NOx (as NO2) 
	0.186 
	0.206 
	0.325 
	0.280 
	0.196 
	0.302 

	SO2 
	SO2 
	0.043 
	0.051 
	0.061 
	0.055 
	0.047 
	0.058 

	THC (as CH4) 
	THC (as CH4) 
	0.576 
	0.268 
	0.186 
	0.266 
	0.422 
	0.226 

	HC (as CH4 by GC) 
	HC (as CH4 by GC) 
	0.220 
	0.205 
	0.143 
	0.171 
	0.213 
	0.157 

	CH4 (byGC) 
	CH4 (byGC) 
	0.118 
	0.104 
	0.089 
	0.091 
	0.111 
	0.090 

	NMHC (as CH4) 
	NMHC (as CH4) 
	0.458 
	0.164 
	0.096 
	0.175 
	0.311 
	0.136 

	NMHC (as CH4 by GC) 
	NMHC (as CH4 by GC) 
	0.103 
	0.101 
	0.054 
	0.080 
	0.102 
	0.067 

	CO2 (by GC) 
	CO2 (by GC) 
	92.755 
	131 .644 
	120.818 
	142.806 
	112.199 
	131 .812 

	Total S (as SO2) 
	Total S (as SO2) 
	0.055 
	0.069 
	0.070 
	0.067 
	0.062 
	0.068 

	SO2/Total S 
	SO2/Total S 
	0.77 
	0.74 
	0.88 
	0.82 
	0.75 
	0.85 

	PM 
	PM 
	0.401 
	0.401 
	0.237 
	0.253 
	0.401 
	0.245 

	PM10 
	PM10 
	0.369 
	0.397 
	0.233 
	0.248 
	0.383 
	0.240 

	PM2.5 
	PM2.5 
	0.293 
	0.389 
	0.220 
	0.238 
	0.341 
	0.229 

	MMAD 
	MMAD 
	0.056 
	0.184 
	0.135 
	0.084 
	0.120 
	0.109 

	(J 
	(J 
	2.331 
	4.020 
	4.568 
	3.736 


	Table 3.1.6.6. Carbon balance. 
	Table 3.1.6.6. Carbon balance. 
	Table 3.1.6.6. Carbon balance. 

	Date of Test: 
	Date of Test: 
	2-Sep-92 
	2-Sep-92 
	2-Sep-92 
	2-Sep-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw Rice Straw 
	Rice Straw 

	TR
	Type 1 
	Type 1 
	Type2 
	Type2 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 1 
	Traverse 2 

	Carbon Balance 
	Carbon Balance 


	Dry Fuel Consu1T1>tion Rate (s,ts) Ash Generation Rate (s,ts) Ash Fraction (% dry basis) Fuel Carbon Concentration (%) Residual Ash Carbon Concentration (%) Carbon released to stack (s,fs) Maximum CO2 emission factor(%) Stack Gas Density (ks,tcubic meter) Average CO2 concentration (ppmv) Average CO concentration (ppmv) Average THC concentration (ppmv as CH4) PM Concentration (ln{¥cubic meter) PM Carbon Concentration• (%) PM Carbon (ms,'cubic meter) Stack Gas Temperature (°C) l1T1>inger Te1T1>erature (°C) PM
	Emission Factors (% Average Basis): CO2 
	co 
	THC (as CH4) PM Emission Factors (% Integrated Basis): CO2 
	co 
	THC (as CH4) PM 
	Closure(% Average Basis) Closure (% lnte51rated Basisl 
	*estimated 
	*estimated 
	4.25 

	0.92 21.65 39.94 12.65 
	0.92 21.65 39.94 12.65 

	1.58 136.41 1.18 501 
	45.15 
	45.15 
	8.55 4.05 40 1.62 26.37 13.59 3.18 3.90 

	92.755 5.319 0.576 0.401 
	92.755 5.302 0.575 0.401 
	76 75 
	76 75 

	5.00 1.08 21.60 39.94 12.65 1.86 136.43 1.16 
	809 
	40.33 4.53 4.57 40 1.83 32.07 16.00 3.61 3.05 
	131.644 4.178 0268 
	0.401 
	131.644 3.587 0213 0.401 
	102 101 
	102 101 
	8.43 

	1.68 19.93 39.06 
	1.68 19.93 39.06 
	8.46 
	3.15 137.04 1.12 1,023 40.00 4.33 3.71 
	40 1.48 
	43.69 
	17.41 2.95 4.29 
	120.818 3.006 0.186 0.237 
	120.818 3.006 0.185 0.237 
	92 92 
	6.50 1.30 20.00 39.06 8.46 2.43 137.02 1.12 1,054 55.35 5.41 3.46 40.00 1.38 42.79 16.56 2.74 3.16 
	142.806 4.774 0.266 0.253 
	142.806 4.766 0.267 0.253 
	111 110 

	Table3.1.6.7. Nitrogen balance 
	Table3.1.6.7. Nitrogen balance 
	Date of Test: Fuel 
	Nitrogen Balance Fuel Nitrogen Concentration (o/o dry weight) Ash Nitrogen Concentration (o/o weight) 
	Emission Factors (o/o Average Basis): NOx (as N02) PM Emission Factors (% Integrated Basis): NOx (as N02) · 
	NO3-Concentration of PM* (% weight) NH4+ Concentration of PM• (% weight) Nitrogen Concentration of PM (%) Fuel Nitrogen (mg/s) Ash Nitrogen (ms>'s) Nitrogen as NOx (ms>'s Average Basis) Nitrogen as NOx (ms>'s Integrated Basis) Nitrogen as PM (ms>'s Average Basis) Nitrogen as NOx+PM (m9's Average Basis) Nitrogen as NOx+PM (m9'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 
	•estimated 
	2-Sep-92 Rice Straw Type 1 
	0.67 0.44 
	0.186 0.401 
	0.186 
	0.2 2 1.601 
	28.48 
	4.05 2.41 2.41 0.27 
	2.68 2.68 
	0.094 0.094 0.142 0.236 0.236 
	2-Sep-92· Rice Straw Type 1 
	0.67 0.44 
	0.206 0.401 
	0.191 
	0.2 2 1.601 33.50 4.75 3.13 2.91 0.32 
	3.46 
	3.23 0.103 0.096 0.142 0.245 0.238 
	2-Sep-92 2-Sep-92 Rice Straw Rice Straw Type2 Type2 
	0.73 0.73 0.38 0.38 
	0.73 0.73 0.38 0.38 
	0.325 0280 0.237 0253 
	0.324 0.278 
	0.2 0.200 2 2.000 1.601 1.601 61 .54 47.45 6.38 4.94 8.34 5.54 8.31 5.50 0.32 0.26 8.66 5.80 8.63 5.76 0.141 0.122 0.140 0.121 0.104 0.104 0.244 0.226 0.244 0.226 

	Table 3.1.6.8. SUifur balance. 
	Table 3.1.6.8. SUifur balance. 
	Table 3.1.6.8. SUifur balance. 

	Date of Test: 
	Date of Test: 
	2•Sep-92 
	2-Sep-92 
	2-Sep-92 
	2-Sep-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 
	Rice Straw 
	Rice Straw 

	TR
	Type 1 
	Type 1 
	Type2 
	Type2 

	Sulfur Balance 
	Sulfur Balance 


	Fuel Sulfur Concentration (mg/kg dry weight) Ash Sulfur Concentration (mg/kg weight) 
	Emission Factors(% Average Basis) 502 PM Emission Factors (% Integrated Basis) SO2 
	Sulfur Concentration of PM* (% weight) Fuel Sulfur (mg/s) Ash Sulfur (mg/s) Sulfur as SO2 (mg/s Average Basis) Sulfur as SO2 (mg/s Integrated Basis) Sulfur as PM (mg/s Average Basis) Sulfur as S02+PM (mg/s Average Basis) Sulfur as SO2+PM (mg/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) 
	•estimated 
	•estimated 
	1,090 2,100 

	0.043 0.401 
	0.043 0.401 
	0.042 
	1 
	4.63 
	1.93 0.91 0.89 0.17 1.08 1.06 0.234 0229 0.417 65 65 

	1,090 805 805 2,100 1,470 1,470 
	0.051 0.061 0.055 0.401 0.237 0253 
	0.047 0.061 0.054 
	1 1 1.000 5.45 6.79 5.23 2.27 2.47 1.91 1.28 2.57 1.79 1.18 2.57 1.76 0.20 0.20 0.16 1.48 2.n 1.95 1.38 2.n 1.92 0.271 0.408 0.373 0.252 0.408 0.367 0.416 0.364 0.365 69 77 74 67 77 73 
	Table 3.1 .6.9. Water balance. 
	Table 3.1 .6.9. Water balance. 
	Table 3.1 .6.9. Water balance. 

	Estimated Stack Humidit~ 
	Estimated Stack Humidit~ 

	Fuel Configuration Date of Test 
	Fuel Configuration Date of Test 
	Rice Straw CEWF 2-Sep-92 

	TR
	Traverse 1 
	Traverse 2 
	Traverse 3 
	Traverse 4 


	Ambient Air Temperature °C) 
	Ambient Air Temperature °C) 
	Ambient Air Temperature °C) 
	18 
	21 
	27 
	29 

	Ambient Air Relative Humidity (o/o) 
	Ambient Air Relative Humidity (o/o) 
	79 
	67 
	50 
	42 

	Air Temperature (K) 
	Air Temperature (K) 
	291 
	295 
	300 
	302 

	Saturation Pressure (Pa) 
	Saturation Pressure (Pa) 
	2,047 
	2,542 
	3,472 
	3,976 

	Vapor Pressure (Pa) 
	Vapor Pressure (Pa) 
	1,621 
	1,713 
	1,743 
	1,661 

	Air Dew Point Temperature (°C) 
	Air Dew Point Temperature (°C) 
	14.2 
	15.1 
	15.4 
	14.6 

	Ambient Volume Fraction Water Vapor 
	Ambient Volume Fraction Water Vapor 
	0.0160 
	0.0169 
	0.0172 
	0.0164 

	Ambient Mass Fraction Water Vapor 
	Ambient Mass Fraction Water Vapor 
	0.0099 
	0.0105 
	0.0107 
	0.0102 

	Fuel Burning Rate (g/s wet basis) 
	Fuel Burning Rate (g/s wet basis) 
	4.62 
	5.43 
	9.16 
	7.07 

	Fuel Moisture Content (o/o) 
	Fuel Moisture Content (o/o) 
	8.0 
	8.0 
	8.0 
	8.0 

	Ash Fraction (wet basis) 
	Ash Fraction (wet basis) 
	020 
	0.20 
	0.18 
	0.18 

	Fuel Hydrogen Content(%) 
	Fuel Hydrogen Content(%) 
	5.46 
	5.46 
	5.33 
	5.33 

	Ash Hydrogen Content (%) 
	Ash Hydrogen Content (%) 
	o.n 
	o.n 
	0.54 
	0.54 

	Moisture Evaporated (g/s) 
	Moisture Evaporated (g/s) 
	0.37 
	0.43 
	0.73 
	0.57 

	Water of Combustion (g/s) 
	Water of Combustion (g/s) 
	2.02 
	2.38 
	3.96 
	3.06 

	Total Fuel Water Added (g/s) 
	Total Fuel Water Added (g/s) 
	2.39 
	2.81 
	4.70 
	3.62 

	Inlet Air Mass Flowrate (g/s) 
	Inlet Air Mass Flowrate (g/s) 
	5,180 
	5,360 
	6,550 
	5,800 

	Inlet Air Water Vapor Flowrate (g/s) 
	Inlet Air Water Vapor Flowrate (g/s) 
	51 
	SE 
	70 
	59 

	Total Stack Water Vapor Flowrate (g/s) 
	Total Stack Water Vapor Flowrate (g/s) 
	54 
	59 
	75 
	63 

	Stack Gas Mass Flowrate (g/s) 
	Stack Gas Mass Flowrate (g/s) 
	5,184 
	5,364 
	6,558 
	5,806 

	Mass Fraction Water Vapor in Stack 
	Mass Fraction Water Vapor in Stack 
	0.0104 
	0.0110 
	0.0114 
	0.0108 

	Volume Fraction Water Vapor in Stack 
	Volume Fraction Water Vapor in Stack 
	0.0167 
	0.01n 
	0.0183 
	0.0174 

	Stack Vapor Pressure (Pa) 
	Stack Vapor Pressure (Pa) 
	1,695 
	1,797 
	1,858 
	1,761 

	Stack Temperature (°C) 
	Stack Temperature (°C) 
	26 
	32 
	44 
	43 

	Stack Temperature (K) 
	Stack Temperature (K) 
	300 
	305 
	317 
	316 

	Stack Saturation Pressure (Pa) 
	Stack Saturation Pressure (Pa) 
	3,437 
	4,m 
	8,965 
	8,555 

	Stack Relative Humidity(%) 
	Stack Relative Humidity(%) 
	49 
	38 
	21 
	21 

	Stack Dew Point Temperature (°C) 
	Stack Dew Point Temperature (°C) 
	14.9 
	15.8 
	16.4 
	15.5 

	lmpinger Outlet Temperature (°C) 
	lmpinger Outlet Temperature (°C) 
	13.6 
	16.0 
	17.4 
	16.6 

	Volume Stack Gas Sampled for PM (L) 
	Volume Stack Gas Sampled for PM (L) 
	617 
	661 
	796 
	726 

	Estimated lmpinger/Desiccant Weight Gain (g) 
	Estimated lmpinger/Desiccant Weight Gain (g) 
	7.9 
	8.9 
	11 .0 
	9.5 

	Totals: 
	Totals: 

	TR
	Estimated 
	Measured 


	Total lmpinger/Desiccant Weight Gain (g) 37.4 29.0 Estimated/Measured Weight Gain 1.29 
	Table 3.1.6.1O. Power balance. 
	Date of Test: Fuel 
	Power Balance 
	Fuel Heating Value (MJ/kg dry weight) Ash Heating Value (MJ/kg dry weight) Average Energy Release Rate (kW) Products of Incomplete Combustion (kW) 
	co 
	THC (as CH4) 
	PM Heat Release Rate (kW) Fireline Intensity (kW/m) Stack Gas Flow (kSr's) Stack Gas Temperature (°C) Inlet Temperature (°C) Sensible Power at Top of Stack (kW) Tunnel Dissipation (kW) 
	2-Sep-92 Rice Straw Type 1 
	2-Sep-92 Rice Straw Type 1 

	Traverse 1 Traverse 2 
	Traverse 1 Traverse 2 
	2-Sep-92 Rice Straw Type2 

	15.8597 
	15.8597 
	15.8597 
	15.8597 

	4.1n5 
	4.1n5 
	4.1n5 

	63.6 
	63.6 
	74.8 

	2.3 
	2.3 
	2.1 

	1.4 
	1.4 
	0.7 

	0.2 
	0.2 
	0.3 

	59.7 
	59.7 
	71.7 

	49.0 
	49.0 
	58.8 

	5.18 
	5.18 
	5.36 

	26.37 
	26.37 
	32.07 

	21.06 
	21.06 
	24.27 

	27.7 
	27.7 
	42.1 

	32.0 
	32.0 
	29.6 


	Traverse 1 
	Traverse 1 
	Traverse 1 
	Traverse 1 
	Traverse 2 

	15.7993 2.7824 128.5 
	15.7993 2.7824 128.5 
	15.7993 2.7824 99.1 

	2.6 0.9 0.3 124.8 102.4 6.56 43.69 29.13 96.1 28.7 
	2.6 0.9 0.3 124.8 102.4 6.56 43.69 29.13 96.1 28.7 
	3.1 1.0 0.2 94.8 n.1 5.81 42.79 31.45 66.3 28.5 
	• 



	Figure 3.1.6.1. Ambient air conditions, 2 September 92. 
	Fuel Type: Rice Straw Test Date 2-Sep-92 Configuration: CEWF 
	Air Temperature (°C) ------Air Relative Humidity(%) 
	90 80 70 60 
	50 
	40 
	30 
	20 10 
	0 
	6 18 
	-V-'I'-" ' '-\ --I ~ . "" . \ ~-'v ~ ."" -.... . -------~ L-----------L,,--' 8 10 12 14 16 Time of Day (POST) 
	Figure 3.1.6.2. Air temperature and relative humidity from CIMIS station. 
	Fuel: Rice Straw Date of Test: 2-Sep-92 Configuration: CEWF Hourly Average CIMIS Data for Davis, California 
	-o----Air Temperature (°C} -o---Relative Humidity(%) 
	90 
	80 70 60 
	50 40 30 20 
	10 
	0 
	0 
	I r '1---1'.J 1v~J ~ \ p ~\ { I \1 7.;' l\ ~ ) ( ~] /)\ ~ y >--' \ ? ~ ,.,,,;-~ ~ ~ >-., y--1-~y "(~ ~) ~ )-..( H 2 4 6 8 10 12 14 16 18 20 22 24 Time of Day (POST) 
	Figure 3.1.6.3. Wind speed from CIMIS station. 
	Fuel: Rice Straw Date of Test: 2-Sep-92 Configuration: CEWF Hourly Average CIMIS Data for Davis, California 
	--0---Wind Speed (mis) 
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	Figure 3.1.6.4. Wind direction and solar radiation from CIMIS station. 
	Fuel: Rice Straw Date of Test: 2-Sep-92 Configuration: CEWF Hourly Average CIMIS Data for Davis, California 
	-o---Wind Direction (from N) --o-Solar Radiation (W/sq. m) 
	0 

	900 800 700 600 500 400 300 200 100 
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	Figure 3.1.6.5. Inlet air, stack gas, and impinger temperatures, 2 September 92. 
	Figure 3.1.6.5. Inlet air, stack gas, and impinger temperatures, 2 September 92. 
	Fuel Type: Rice Straw Test Date 2-Sep-92 Configuration: CEWF 
	-
	-
	-
	-
	-
	-
	-
	Inlet Air 
	---Stack 
	-

	lmpinger Outlet 

	TR
	Temperature 
	Temperature 
	Temperature 

	TR
	(OC) 
	(OC) 
	(OC) 


	50 
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	Figure 3.1.6.6. Conveyor speed and stack gas velocity, 2 September 92. 
	Fuel Type: Rice Straw Test Date 2-Sep-92 Configuration: CEWF 
	Conveyor Speed (m'min) ------Stack Velocity (nv's) 
	5 
	4.5 
	4 
	3.5 
	3 
	2.5 
	2 
	1.5 1 0.5 
	0 
	6 18 
	-I t,j I IIL. , .1 •411 l~'jl• ~ ,.JI ,t I '" •I I. J ' • I f I 1:i,"\ 1? ,, 1& I; ·,;"Ii1 ',1 ~ '·:l.' ~ .' I , ' .I -\ ~, II (j,~ ~ ,, I I 1: I , ,II ,' ' ' \r'l1'.-II ' I I ' ' I I I I ' I I ~ ~ h, .Ill,I II , ,,,,.,, I Ml ~ U"a1v I~ r I urr 8 10 12 14 16 Time of Day (POST) 
	Figure 3.1.6.7. Conveyor speed with 10 min moving average, 2 September 92. 
	Fuel Type: Rice Straw Test Date 2-Sep-92 Configuration: CEWF 
	4 3.5 3 2.5 2 1.5 1 0.5 ■ ! 0 6 Conveyor Speed (m/min) D i ~ ~ { '::iw,r gj -1 -8 10 12 "I Time of Day (POST} Conveyor Speed-1 O pt. rolling average .J --14 16 18 
	Figure 3.1.6.8. Conveyor travel, 2 September 92. 
	Fuel Type: Rice Straw Test Date 2-Sep-92 Configuration: CEWF 
	Conveyor Travel (m} 
	6 8 10 12 14 16 18 
	Time of Day (POST) 
	200 180 160 140 120 100 80 60 40 20 0 I V / / /V I I V ) _j // / 
	Figura 3.1.6.9. CO concentration In stack gas, 2 September 92. 
	Fuel Type: Configuration: Rice Straw Test Date 2-Sep-92 CEWF 
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	Figure 3.1 .6.1 0. NO and NOx concentrations In stack gas, 2 September 92. 
	Figure 3.1 .6.1 0. NO and NOx concentrations In stack gas, 2 September 92. 
	Test Date 2-Sep-92 Fuel Type: Rice Straw Configuration: CEWF 
	Test Date 2-Sep-92 Fuel Type: Rice Straw Configuration: CEWF 
	S02 concentration In stack gas, 2 September 92. 
	Figure 3.1.6.11. 


	NOx (ppmv) 
	NOx (ppmv) 
	NOx (ppmv) 
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	Fuel Type: Rice Straw Test Date 2-Sep-92 Configuration: CEWF 
	SO2 (ppmv) 
	6 
	5 
	4 
	3 
	2 
	1 
	0 6 8 10 12 14 16 18 Time of Day (POST) 
	I • ./\f..('rH,-~ n ~ ~~ 
	Total sulfur concentration in stack gas, 2 September 92. 
	Figure 3.1.6.12. 

	Fuel Type: Rice Straw Test Date 2-Sep-92 Configuration: CEWF 
	Total S (ppmv) 
	Total S (ppmv) 
	Total S (ppmv) 

	2 
	2 

	1.8 
	1.8 

	1.6 
	1.6 
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	1.2 
	1.2 

	0.8 
	0.8 

	0.6 0.4 0.2 0 
	0.6 0.4 0.2 0 
	6 
	I -
	8 
	I t AT ir'li/" 1 
	~~ ~ -~ ~Irf1~ ~ n 10 12 14 Time of Day (POST) 
	16 
	18 


	Figure . THC concentration In stack gas, 2 September 92. 
	3.1.6.13

	Fuel Type: Rice Straw Test Date 2-Sep-92 Configuration: CEWF 
	THC (ppm) 
	6 8 10 12 14 16 18 
	Time of Day (POST) 
	Time of Day (POST) 
	Particle size distribution, traverse 1, 2 September 92. 
	Figure 3.1.6.14. 
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	Fuel: Rice Straw Particle Size Distribution 
	Traverse 1: 
	Traverse 1: 
	Traverse 1: 

	Stage 
	Stage 
	ECO (µm) 

	1 
	1 
	13.70 

	2 
	2 
	7.67 

	3 
	3 
	4.09 

	4 
	4 
	2.16 

	5 
	5 
	1.25 

	6 
	6 
	0.73 

	7 
	7 
	0.38 

	filter 
	filter 
	0.00 


	Weight (mg) 0.52 0.5 0 0.07 0.07 0 0.03 2.56 
	Date of Test: Configuration: 
	Cum. Wt (mg) 3.75 3.23 2.73 2.73 2.66 2.59 2.59 2.56 
	2-Sep-92 CEWF 
	Cum. Fraction 1.000 0.861 0.728 0.728 0.709 0.691 0.691 0.683 
	1.000 0.950 0.900 
	C 
	.2 
	0.850
	-
	~ 
	u.
	., 0.800 
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	~ 0.750 
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	0.700
	i 
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	Figure
	Particle size distribution, traverse 2, 2 September 92. 
	Figure 3.1.6.15. 

	Fuel: Rice Straw Particle Size Distribution 
	Traverse 2: 
	Traverse 2: 
	Traverse 2: 

	Stage 
	Stage 
	ECD (µm) 

	1 
	1 
	14.76 

	2 
	2 
	8.27 

	3 
	3 
	4.41 

	4 
	4 
	2.33 

	5 
	5 
	1.34 

	6 
	6 
	0.79 

	7 
	7 
	0.41 

	filter 
	filter 
	0.00 


	Weight (mg) 0.02 0.07 0.06 0.08 0.16 0.55 0.56 2.94 
	Date of Test: Configuration: 
	Cum. Wt (mg) 
	4.44 
	4.42 4.35 4.29 4.21 4.05 3.50 2.94 
	2-Sep-92 CEWF 
	Cum. Fraction 1.000 0.995 0.980 0.966 0.948 0.912 0.788 0.662 
	1.000 0.950 l---~ / I 0.900 C .2 0.850-u :!! LI. 0.800., II., 0.750::E = i 0.700 :i E 0.650:, CJ 0.600 0.550 0.500 
	0.00 5.00 10.00 15.00 20.00 

	ECD(µm) 
	ECD(µm) 
	Particle size distribution, traverse 3, 2 September 92. 
	Figure 3.1.6.16. 

	Fuel: Rice Straw 
	Particle Size Distribution Traverse 3: 
	Stage ECD (µm} 1 13.69 2 7.67 3 4.09 4 2.16 5 1.24 6 0.73 7 0.38 
	filter 0.00 
	Weight (mg} 0.1 0.1 0.07 0.12 0.15 0.32 0.28 2.36 
	Date of Test: Configuration: 
	Cum. Wt (mg) 3.5 3.4 3.3 3.23 3.11 2.96 2.64 2.36 
	2-Sep-92 CEWF 
	Cum. Fraction 1.000 0.971 0.943 0.923 0.889 0.846 0.754 0.674 
	1.000 0.950 0.900 
	C 
	Ji! 
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	~ 
	0.800 
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	Particle size distribution, traverse 4, 2 September 92. 
	Figure 3.1.6.17. 

	Fuel: Rice Straw 
	Particle Size Distribution Traverse 4: 
	Stage ECO (µm) 1 14.76 2 8.27 3 4.41 4 2.33 5 1.34 6 0.79 7 0.41 
	filter 0.00 
	Weight (mg) 0.05 0.07 0.05 0.08 0.02 0.24 0.15 2.21 
	Date ofTest: Configuration: 
	Cum. Wt (mg) 2.87 2.82 2.75 2.7 2.62 2.6 2.36 2.21 
	2-Sep-92 CEWF 
	Cum. Fraction 1.000 0.983 0.958 0.941 0.913 0.906 0.822 0.770 
	1.000 0.950 0.900 ----/T C .2 0.850·-u l! IL 0.800.,,.,, IS 0.750~ I = ;; .!! 0.700 :::, E 0.650::, (.) 0.600 0.550 0.500 
	0.00 5.00 10.00 15.00 20.00 

	ECD(µm) 
	ECD(µm) 
	Figure 3.1.6.18. Nitrogen balance. 
	Figure 3.1.6.18. Nitrogen balance. 
	Figure 3.1.6.18. Nitrogen balance. 

	Date of Test: 
	Date of Test: 
	2-Sep-92 · 

	Fuel 
	Fuel 
	Rice Straw 

	TR
	Type 1 


	Nitrogen 
	Nitrogen 
	ND 76% 
	p NOx Ash 14% 
	1~ 9% 

	Figure 3.1.6.19. Nitrogen balance. 
	Figure 3.1.6.19. Nitrogen balance. 
	Date of Test: 2-Sep-92 Fuel Rice Straw Type2 

	Nitrogen 
	Nitrogen 
	ND 76% 
	Ash 10% 
	PM 13% 
	1% 
	Figure 3.1.6.20. SuHur balance. 
	Figure 3.1.6.20. SuHur balance. 
	Figure 3.1.6.20. SuHur balance. 

	Date of Test: 
	Date of Test: 
	2-Sep-92 

	Fuel 
	Fuel 
	Rice Straw 

	TR
	Type 1 


	SuHur 
	ND 
	S02 21% 34% 
	Ash 
	41% 
	Figure 3.1.6.21. SuHur balance. 
	Figure 3.1.6.21. SuHur balance. 
	Figure 3.1.6.21. SuHur balance. 

	Date of Test: 
	Date of Test: 
	2-Sep-92 

	Fuel 
	Fuel 
	Rice Straw 

	TR
	Type2 


	SuHur 
	PM 
	ND
	3% 
	S02 36% 25% 
	36% 
	Figure
	Table 3.1.7.1 
	Table 3.1.7.1 
	Table 3.1.7.1 

	Fuel and Ash Analyses 
	Fuel and Ash Analyses 

	Run Date 
	Run Date 
	21-Oct-92 
	21-0ct-92 

	Fuel Type 
	Fuel Type 
	Rice Straw 
	Rice Straw 

	Sample Type 
	Sample Type 
	Fuel 
	Ash 

	Ultimate Analysis 
	Ultimate Analysis 

	(% dry weight) 
	(% dry weight) 

	C 
	C 
	36.54 
	14.29 

	H 
	H 
	4.96 
	0.80 

	N 
	N 
	0.79 
	0.46 

	Elemental Ana!}'.sis 
	Elemental Ana!}'.sis 

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

	N 
	N 
	0.83 
	0.57 

	p 
	p 
	0.10 
	0.38 

	K 
	K 
	2.73 
	8.84 

	Ca 
	Ca 
	0.24 
	0.84 

	Mg 
	Mg 
	0.22 
	0.63 

	Na 
	Na 
	0.08 
	0.31 

	Cl 
	Cl 
	0.63 
	1.62 

	(ms,'kg dry weight) 
	(ms,'kg dry weight) 

	s 
	s 
	1,090 
	2,300 

	B 
	B 
	6 
	16 

	Zn 
	Zn 
	22 
	65 

	Mn 
	Mn 
	687 
	2,160 

	Fe 
	Fe 
	326 
	1,280 

	Cu 
	Cu 
	8 
	13 

	Si 
	Si 

	Total(% dry weight) 
	Total(% dry weight) 
	46.55 
	28.86 

	Proximate Analysis 
	Proximate Analysis 

	(% dry weight) 
	(% dry weight) 

	Ash 
	Ash 
	23.18 
	81.60 

	Volatiles 
	Volatiles 
	65.19 
	12.71 

	Fixed Carbon 
	Fixed Carbon 
	11 .62 
	5.69 

	Hi2her Heatini Value 
	Hi2her Heatini Value 


	(MJ/kg dry weight) 14.6377 7.1513 
	Table 3.1.7.2. Operating conditions and concentrations, 21 October 92. 
	Table 3.1.7.2. Operating conditions and concentrations, 21 October 92. 
	Table 3.1.7.2. Operating conditions and concentrations, 21 October 92. 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: Configuration: 
	21-0ct-92 CEWF 

	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 Loading Rate (g/sq.m w.b.): Total Fuel Consumption (kg w.b.) Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	626 62.2 17.2 0.28 

	TR
	Traverse 1 
	Traverse 2 


	Mean Values 
	Air Temperature (°C) Air Relative Humidity(%) Inlet Air Temperature (°C) C) lmpinger Outlet Temperature (°C) 
	Stack Temperature (
	0 

	Fire Spreading Rate (m/min) 
	Stack Gas Velocity (mis) 
	Gas and PM Concentrations (less background) 
	CO (ppmv) 
	NO (ppmv) 
	NOx (ppmv) 
	SO2 (ppmv) 
	THC (ppmv as CH4) HC (ppmv as CH4 by GC) 
	CH4 (ppmv) NMHC (ppmv as CH4) 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) 
	24.13 55.34 26.72 33.31 17.08 
	0.48 
	3.21 
	45.01 0.90 1.41 0.10 15.32 6.58 3.29 12.03 3.29 609 0.20 
	10.52 10.36 10.05 
	24.55 52.42 26.92 36.74 17.68 
	0.61 3.08 
	62.81 1.62 2.35 0.21 16.63 8.62 4.56 12.07 4.06 1,040 
	0.33 
	9.50 9.36 9.03 
	Table 3.1.7.3. Mass balance, 21 October 92. 
	Table 3.1.7.3. Mass balance, 21 October 92. 
	Table 3.1.7.3. Mass balance, 21 October 92. 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	21-0ct-92 

	TR
	Configuration: 
	CEWF 

	Mass Balance 
	Mass Balance 


	Traverse 1 Traverse 2 
	Total Conveyor Travel (m) 23.11 29.26 Fuel Moisture Content(% w.b.) 9.4 8.2 Fuel Loading Rate ({>'sq.m d.b.) 567 574 Total Fuel Consumption (g w.b.) 17,626 22,311 Total Fuel Consumption (g d.b.) 15,973 20,490 Residual Ash (g w.b.) 4,858 6,149 Fuel Vaporized (g w.b.) 12,769 16,162 Fuel Consumption Rate ({J's w.b.) 6.12 7.75 Fuel Consumption Rate ({J's d.b.) 5.55 · 7.11 Ash Generation Rate ({J's w.b.) 1.69 2.13 Fuel Vaporization Rate ({J's w.b.) 4.43 5.61 
	Stack Gas Density (kg/cu.m) 1.1533 1.1405 Stack Gas Flow Rate (cu.mis) 4.76 4.57 Stack Gas Mass Flow Rate (kg/s) 5.49 5.22 Inlet Air Mass Flow Rate (k{>'s) 5.49 5.21 Overall Air-Fuel Ratio (w.b.) 897.05 672.78 Overall Air-Fuel Ratio (d.b.) 989.90 732.56 
	Table 3.1.7.4. Emission factors, rice straw, 21 October 92 (Integrated basis). 
	Table 3.1.7.4. Emission factors, rice straw, 21 October 92 (Integrated basis). 
	Table 3.1.7.4. Emission factors, rice straw, 21 October 92 (Integrated basis). 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	21-0ct-92 

	TR
	Configuration: 
	CEWF 

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

	Integrated Basis 
	Integrated Basis 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Average 


	co 
	NO 
	NOx (as NO2) SO2 THC (as CH4) HC (as CH4 by GC) CH4 (byGC) NMHC (as CH4) NMHC (as CH4 by GC) CO2 (by GC) Total S (as SO2) SO2/Total S 
	PM PM10 PM2.5 
	MMAD (µm) 
	a 
	4.270 0.091 0.221 0.022 0.833 0.360 0.180 0.653 
	0.180 
	91.583 0.042 0.51 
	0.856 0.843 0.817 
	0.175 5.132 
	4.439 0.123 
	0.273 0.033 0.670 0.349 0.184 
	0.485 0.164 115.715 0.053 0.63 
	0.573 0.565 0.545 
	0.156 4.595 
	4.354 0.107 0.247 0.027 0.752 0.354 0.182 0.569 0.172 103.649 0.048 0.57 
	0.715 0.704 0.681 
	0.166 
	Table 3.1.7.5. Emission factors, rice straw, 21 October 92 (average basis). Fuel: Rice Straw Date ofTest: Configuration: 
	Table 3.1.7.5. Emission factors, rice straw, 21 October 92 (average basis). Fuel: Rice Straw Date ofTest: Configuration: 
	Table 3.1.7.5. Emission factors, rice straw, 21 October 92 (average basis). Fuel: Rice Straw Date ofTest: Configuration: 
	21-0ct-92 CEWF 

	Emission Factors {% fuel d~ weightl 
	Emission Factors {% fuel d~ weightl 


	Average Basis 
	Traverse 1 Traverse 2 Average 
	co 
	NO NOx (as NO2) SO2 THC (as CH4) HC (as CH4 by GC) CH4 (byGC) NMHC (as CH4) NMHC (as CH4 by GC) CO2 (byGC) Total S (as SO2) SO2/Total S 
	PM PM10 PM2.5 
	MMAD (µm) a 
	4.305 0.092 0.222 0.022 0.837 0.360 0.180 0.658 0.180 91.583 0.043 0.51 
	0.856 0.843 0.817 
	0.175 5.132 
	4.448 4.376 0.123 0.107 0.273 0.248 0.033 0.027 0.673 0.755 . 0.349 0.354 0.184 0.182 0.488 0.573 0.164 0.172 
	115.715 103.649 0.053 0.048 0.63 0.57 
	0.573 0.715 0.565 0.704 0.545 0.681 
	0.156 0.166 4.595 
	Table 3.1.7.6. Carbon balance. 
	Table 3.1.7.6. Carbon balance. 
	Date of Test: 21-0ct-92 21-0ct-92 Fuel Rice Straw Rice Straw Traverse 1 Traverse 2 
	Carbon Balance 
	Dry Fuel Consu"l)tion Rate (g/s) Ash Generation Rate (g/s) Ash Fraction(% dry basis) Fuel Carbon Concentration (%) Residual Ash Carbon Concentration (%) 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 (mg/cubic meter) PM Carbon Concentration(%) PM Carbon (mg/cubic meter) Stack Gas Temperature (°C) l"l)inger Temperature (°C) PM molar concen
	Emission Factors (% Average Basis): CO2 
	co 
	THC (as CH4) PM Emission Factors (% Integrated Basis): CO2 
	co 
	THC (as CH4) 
	PM 
	Closure (% Average Basis) Closure (o/o lntearated Basisl 
	5.55 1.69 30.45 36.54 14.29 1.79 118.02 1.15 609 45.01 15.32 10.52 50.43 
	5.30 33.31 17.08 10.53 
	3.70 
	91.583 4.305 0.837 0.856 
	91.583 4.270 0.833 0.856 
	87 
	85 
	7.11 2.13 29.96 36.54 14.29 2.29 118.28 
	1.14 1,040 62.81 16.63 9.50 50.43 4.79 36.74 17.68 9.53 2.90 
	115.715 
	4.448 
	0.673 0.573 
	115.715 
	4.439 
	0.670 0.573 
	106 105 
	Table 3.1.7.7. Nitrogen balance 
	Table 3.1.7.7. Nitrogen balance 
	Table 3.1.7.7. Nitrogen balance 

	Date ofTest: 
	Date ofTest: 
	21-Oct-92 
	21-0ct-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 

	Nitro9!n Balance 
	Nitro9!n Balance 

	Fuel Nitrogen Concentration (o/o dry weight) 
	Fuel Nitrogen Concentration (o/o dry weight) 
	0.83 
	0.83 

	Ash Nitrogen Concentration (o/o weight) 
	Ash Nitrogen Concentration (o/o weight) 
	0.57 
	0.57 

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

	NOx (as NO2) 
	NOx (as NO2) 
	0.222 
	0.273 

	PM 
	PM 
	0.856 
	0.573 

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

	NOx (as N02) 
	NOx (as N02) 
	0.221 
	0.273 

	NO3-Concentration of PM (o/o weight) 
	NO3-Concentration of PM (o/o weight) 
	0241 
	0.241 

	NH4+ Concentration of PM (% weight) 
	NH4+ Concentration of PM (% weight) 
	7.182 
	7.182 

	Nitrogen Concentration of PM (%) 
	Nitrogen Concentration of PM (%) 
	5.641 
	5.641 

	Fuel Nitrogen (mgls) 
	Fuel Nitrogen (mgls) 
	46.07 
	59.01 

	Ash Nitrogen (mgls) 
	Ash Nitrogen (mgls) 
	9.63 
	12.14 

	Nitrogen as NOx (mgls Average Basis) 
	Nitrogen as NOx (mgls Average Basis) 
	3.75 
	5.91 

	Nitrogen as NOx (mgls Integrated Basis) 
	Nitrogen as NOx (mgls Integrated Basis) 
	3.73 
	5.91 

	Nitrogen as PM (mgls Average Basis) 
	Nitrogen as PM (mgls Average Basis) 
	2.68 
	2.30 

	Nitrogen as NOx+PM (mgls Average Basis) 
	Nitrogen as NOx+PM (mgls Average Basis) 
	6.43 
	8.21 

	Nitrogen as NOx+PM (mgls Integrated Basis) 
	Nitrogen as NOx+PM (mgls Integrated Basis) 
	6.41 
	8.21 

	NOx+PM Nitrogen/Fuel Nitrogen (Average) 
	NOx+PM Nitrogen/Fuel Nitrogen (Average) 
	0.140 
	0.139 

	NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 
	NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 
	0.139 
	0.139 

	Ash Nitrogen/Fuel Nitrogen 
	Ash Nitrogen/Fuel Nitrogen 
	0.209 
	0.206 

	Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) 
	Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) 
	0.349 
	0.345 

	Ash+NOx+PM Nitrogen/Fuel Nitrogen {Integrated} 
	Ash+NOx+PM Nitrogen/Fuel Nitrogen {Integrated} 
	0.348 
	0.345 

	Table 3.1.7.8. SuHur balance. 
	Table 3.1.7.8. SuHur balance. 

	Date of Test: 
	Date of Test: 
	21-0ct-92 
	21 -0ct-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 

	Sulfur Balance 
	Sulfur Balance 

	Fuel Sulfur Concentration (mg/kg dry weight) 
	Fuel Sulfur Concentration (mg/kg dry weight) 
	1,090 
	1,090 

	Ash Sulfur Concentration (mg/kg weight) 
	Ash Sulfur Concentration (mg/kg weight) 
	2,300 
	2,300 

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

	SO2 
	SO2 
	0.022 
	0.033 

	PM 
	PM 
	0.856 
	0.573 

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

	S02 
	S02 
	0.022 
	0.033 

	Sulfur Concentration of PM (% weight) 
	Sulfur Concentration of PM (% weight) 
	0.904 
	0.904 

	Fuel Sulfur (mg/s) 
	Fuel Sulfur (mg/s) 
	6.05 
	7.75 

	Ash Sulfur (mg/s) 
	Ash Sulfur (mg/s) 
	3.89 
	4.90 

	Sulfur as SO2 (mg/s Average Basis) 
	Sulfur as SO2 (mg/s Average Basis) 
	0.61 
	1.17 

	Sulfur as SO2 (mg/s Integrated Basis) 
	Sulfur as SO2 (mg/s Integrated Basis) 
	0.61 
	1.17 

	Sulfur as PM (mg/s Average Basis) 
	Sulfur as PM (mg/s Average Basis) 
	0.43 
	0.37 

	Sulfur as SO2+PM (mg/s Average Basis) 
	Sulfur as SO2+PM (mg/s Average Basis) 
	1.04 
	1.54 

	Sulfur as SO2+PM (mg/s Integrated Basis) 
	Sulfur as SO2+PM (mg/s Integrated Basis) 
	1.04 
	1.54 

	SO2+PM Sulfur/Fuel Sulfur (Average Basis) 
	SO2+PM Sulfur/Fuel Sulfur (Average Basis) 
	0.172 
	0.199 

	SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
	SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
	0.172 
	0.199 

	Ash Sulfur/Fuel Sulfur 
	Ash Sulfur/Fuel Sulfur 
	0.643 
	0.632 

	Closure (o/o Average Basis) 
	Closure (o/o Average Basis) 
	81 
	83 

	Closure {o/o Integrated Basisl 
	Closure {o/o Integrated Basisl 
	81 
	83 




	Table 3.1.7.9. Water balance. 
	Table 3.1.7.9. Water balance. 
	Estimated Stack Humidity 
	Fuel 
	Fuel 
	Fuel 
	Rice Straw 

	Configuration 
	Configuration 
	CEWF 

	Date of Test 
	Date of Test 
	21-0ct-92 

	TR
	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) 
	Totals: 
	24 55 297 3,009 1,665 14.7 0.0164 0.0102 6.12 
	9.4 
	0.28 4.96 0.80 0.58 2.35 2.93 5,490 
	56 
	59 5,494 0.0107 0.0173 1,751 
	33 
	306 5,123 
	34 
	15.4 
	17.1 
	694 9.1 
	Estimated 
	25 52 298 3,085 1,617 
	14.2 
	0.0160 0.0099 7.75 8.2 0.28 4.96 0.80 0.64 3.02 3.66 5,210 52 55 5,216 0.0106 0.0171 1,730 37 
	310 
	6,193 
	28 15.2 17.7 
	663 
	8.5 
	Measured 
	Total lrnpinger/Desiccant Weight Gain (g) 17.6 18.7 Estimated/Meas~red Weight Gain 0.94 
	Table 3.1.7.10. Power balance. 
	Table 3.1.7.10. Power balance. 
	Table 3.1.7.10. Power balance. 

	Date of Test: 
	Date of Test: 
	21·0ct·92 
	21-0ct-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 

	Power Balance 
	Power Balance 


	Fuel Heating Value (MJ/kg dry weight) 14.6377 14.6377 Ash Heating Value (MJ/kg dry weight) 7.1513 7.1513 Average Energy Release Rate {kW) 69.2 88.8 Products of lnco111>lete Corri>ustion (kW) 
	2.4 32 THC (as CH4) 2.6 2.7 PM 0.8 0.7 Heat Release Rate {kW) 63.4 82.3 Fireline Intensity {kW/m) 52.0 67.5 Stack Gas Flow {kg/s) 5.49 522 Stack.Gas Temperature (°C) 33.31 36.74 Inlet Temperature (°C) 26.72 26.92 Sensible Power at Top of Stack (kW) 36.4 51 .6 Tunnel Dissipation (kW) 27.0 30.7 
	co 

	Table . MH• concentration•(%) from DRI filter umplH 
	3.1.7.11

	Dale 
	Fuel 
	Size Fraction 
	Teflon FIiter ID 
	Quartz Flier ID 
	T ellon Field Sa"1)1e Flag 
	Quartz field sample field 
	Teflon mass aample flag 
	Quartz l'Tl888 88"1)1e flag 
	Anions ~leflag 
	Ammonium analysis flag 
	Sodiwn ion analysis flag 
	Magnesium Ion analysis flag 
	Potassium ion analysis flag 
	Calbon analysis flag 
	XRF analysis flag 
	Teflon aa111>le volume (m"3) Quartz sample volume (m"3) Teflon maas corlQlnlralion (~) 
	Cl
	-

	N03
	-

	S()4.,, 
	NH4+ 
	Na+ 
	K+ 
	C(01g) 
	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 
	Ho 
	Tl Pb 
	u 
	Sum of measured species 
	21-0cl-92 Rice Straw CEWF 
	PM2.5 
	ABTT041 ABTCI041 
	:1:Uncertai~ 
	0.36 0.02 0.36 0.02 7,"'47 375 
	Concentration ~l :1:UllC8f1al~ 
	Concentration ~l :1:UllC8f1al~ 

	23.1639 1.9128 02562 0.0320 32660 02416 8.1384 0.6071 0.1287 0.0157 7.5109 0.5659 
	47.6671 4.5937 
	38-8414 5.8730 5.3637 0.5098 1.9321 1.1801 
	53.0308 0.0583 0.0785 0.1821 0.0407 0.0000 0.11166 0.9254 0.1069 
	17.2483 12246 6.42"'4 0.4562 0.0242 0.0925 0.0007 0.0259 0.0004 0.0112 0.0010 0.0025 0.0073 0.0013 0.0117 0.0044 0.0000 0.0011 0.0000 0.0011 0.0008 0.0012 0.0026 0.0009 0.0000 0.0021 0.0017 0.0025 0.0009 0.0014 0.1130 0.0081 0.0043 0.0016 0.0001 0.0013 0.0001 0.0017 0.0005 0.0019 0.0000 0.0032 0.0000 0.0115 0.0015 0.0133 0.0000 0.01-41 0.0010 0.0157 0.0017 0.0198 0.0000 0.0227 0.0067 o.on5 0.0000 0.1036 0.0000 0.0035 0.0000 0.0029 0.0000 0.0028 0.0000 0.0037 0.0000 0.0034 86.5728 4.8499 
	21-0ct-92 Rioa Straw 
	CEWF 
	PM10 
	ABTT042 ABT0042 
	:!:Uncertain~ 0.36 0.02 0.36 0.02 
	8.078 406 
	Concentration !"'-l :!:Uncertain~ PM2.5/PM10 
	20.7367 02414 3.0297 7.1823 0.1281 6.7419 
	45.1189 
	36.8595 
	5.3061 1.7503 50.4250 0.0198 O.TT95 0.0000 0.9043 16.1922 5.9834 0.0987 0.0018 0.0010 0.0020 0.0311 
	0.073◄ 
	0.073◄ 
	0.0000 
	0.0002 0.0011 0.0032 
	0.0000 
	0.0021 
	0.0009 
	0.1115 0.0043 0.0003 
	0.0004 
	0.0002 0.0015 
	0.0000 
	0.0037 
	0.0043 0.0000 0.0006 
	0.0044 0.0085 
	0.0000 
	0.0001 0.0017 0.0000 0.0000 0.0003 822130 
	1.7118 1.12 0.0297 1.06 02240 1.08 0.5378 1.13 0.0151 1.00 0.5078 1.11 ◄.3461 1.06 5.6006 1.05 0.5048 1.01 1.0673 1.10 
	1.05 0.0745 2.94 0.0663 023 0.1753 0.1019 1.02 1.1491 1.07 0.4247 1.07 0.0298 0.25 0.0231 0.39 0.0100 0.40 0.0016 0.50 0.0025 023 0.0066 0.16 0.0015 0.0010 0.00 0.0007 0.73 0.0008 0.81 0.0019 0.0015 0.81 0.0013 1.00 0.0080 1.01 0.0015 1.00 0.0011 0.33 0.0015 025 0.0016 2.50 0.0028 0.00 0.0105 0.0121 0.41 0.0129 0.00 0.0141 0.0179 2.83 0.0202 0.00 0.0695 0.79 
	0.0926 
	0.0031 0.00 0.0026 0.00 0.0025 0.0032 0.0031 0.00 4.5828 1.05 
	Table . Element ratios from ORI filter aamplea. 
	3.1.7.12

	Dale 
	Dale 
	Dale 
	21-0d-92 

	Fual 
	Fual 
	Rice Straw 

	Configuration 
	Configuration 
	CEWF 

	Size Fraction 
	Size Fraction 
	PM25 

	Tellon Flier ID 
	Tellon Flier ID 
	ABTT0-41 

	0ualtz Flier ID 
	0ualtz Flier ID 
	ABTQ0-41 

	CI-/CI 
	CI-/CI 
	1.34 

	K+IK 
	K+IK 
	1.17 

	SUI.tie S/Total S 
	SUI.tie S/Total S 
	1.18 

	C(o,g).C 
	C(o,g).C 
	0.90 

	CIA( 
	CIA( 
	2.68 

	Cl-II<+ 
	Cl-II<+ 
	3.08 

	CI-/Na+ 
	CI-/Na+ 
	179.98 

	SIi( 
	SIi( 
	0.1.C 

	SINa+ 
	SINa+ 
	7.19 

	Al/Si 
	Al/Si 
	0.32 


	21-0d-92 Rica Slraw CEWF 
	PM10 PM2.5/PM10 
	ABTT0-42 ABT0042 
	128 
	1.13 
	1.12 
	0.89 
	2.71 
	3.08 
	161.88 
	0.15 
	7.06 
	0.03 
	1.05 1.04 1.05 1.00 0.99 1.00 1.11 0.95 1.02 12.60 
	Emi..ion factor• (mg/kg) from ORI filter Hmplea. 
	Table 3.1.7.13. 

	Dale 
	Dale 
	Dale 
	21-0d-92 

	Fuel 
	Fuel 
	Rice Straw 

	TR
	CEWF 

	Size Fraction 
	Size Fraction 
	PM2.5 

	Teflon Hier ID 
	Teflon Hier ID 
	ABTT041 

	Quartz Fitter IO 
	Quartz Fitter IO 
	ABTC041 

	Start Time 
	Start Time 
	15:56 

	Stop Time 
	Stop Time 
	16:32 

	Start Time 
	Start Time 

	End Time 
	End Time 

	Elapsed Time ( minules) 
	Elapsed Time ( minules) 
	36 

	PM (mg/m"3 by total filter) 
	PM (mg/m"3 by total filter) 

	PM10 (by total fllarll~actor) 
	PM10 (by total fllarll~actor) 

	PM2.5 (by total filterllrll)actor) 
	PM2.5 (by total filterllrll)actor) 

	PM emission fac:lor (%) 
	PM emission fac:lor (%) 

	PM10 emission factor(%) 
	PM10 emission factor(%) 

	PM2.5 emis8ion fac:lor (%) 
	PM2.5 emis8ion fac:lor (%) 

	TR
	±Uncertai~ 

	Tallon &arll)la volume (m"3) 
	Tallon &arll)la volume (m"3) 
	0.36 0.02 

	Quartz aamp4e volLITl8 (m"3) 
	Quartz aamp4e volLITl8 (m"3) 
	0.36 0.02 

	Teflon mass concentration (~m"3) 
	Teflon mass concentration (~m"3) 
	7.447 0.375 

	Teflon mass/Total 111118$ 
	Teflon mass/Total 111118$ 
	0.825 

	Emission !rro'l<ol 
	Emission !rro'l<ol 
	:1:Uncar1ai~ 

	Cl
	Cl
	-

	14582323 1042476 

	N03
	N03
	-

	16.1285 1.7440 

	504= 
	504= 
	205.6038 13.1672 

	NH4+ 
	NH4+ 
	512.3351 33.0870 

	Na+ 
	Na+ 
	8.1020 0.8557 

	K+ 
	K+ 
	472.8322 30.8416 

	C(01g) 
	C(01g) 
	3000.m3 250.3567 

	C(oht) 
	C(oht) 
	2432.5843 320.0785 

	C(a) 
	C(a) 
	337.6599 27.7841 

	C(ehl) 
	C(ehl) 
	121.6311 64.3155 

	C 
	C 
	3338.4372 0.0000 

	Al 
	Al 
	3.6701 42783 

	Si 
	Si 
	11.4637 22182 

	p 
	p 
	0.0000 10.1697 

	s 
	s 
	58.2565 5.8261 

	Ct 
	Ct 
	1085.8287 66.7407 

	K 
	K 
	404.4340 24.8629 

	Ca 
	Ca 
	1.5235 5.0413 

	Ti 
	Ti 
	0.0441 1.4116 

	V 
	V 
	0.0252 0.6104 

	Cf 
	Cf 
	0.0630 0.1363 

	Mn 
	Mn 
	0.4596 0.0709 

	Fe 
	Fe 
	0.7365 0.2398 

	Co 
	Co 
	0.0000 0.0600 

	Ni 
	Ni 
	0.0000 0.0600 

	Cu 
	Cu 
	0.0504 0.0654 

	Zn 
	Zn 
	0.1637 0.0491 

	Ga 
	Ga 
	0.0000 0.1145 

	M 
	M 
	0.1070 0.1363 

	Se 
	Se 
	0.0567 0.0763 

	Br 
	Br 
	7.1137 0.4415 

	Pb 
	Pb 
	02707 0.0872 

	Sr 
	Sr 
	0.0063 0.0709 

	y 
	y 
	0.0063 0.0927 

	Zr 
	Zr 
	0.0315 0.1036 

	Mo 
	Mo 
	0.0000 0.1744 

	Pd 
	Pd 
	0.0000 0.6268 

	Ag 
	Ag 
	0.0944 0.7249 

	Cd 
	Cd 
	0.0000 0.7685 

	In 
	In 
	0.0630 0.8557 

	Sn 
	Sn 
	0.1070 1.0791 

	Sb 
	Sb 
	0.0000 1.2372 

	Ba 
	Ba 
	0.<1218 4.2238 

	lJl 
	lJl 
	0.0000 5.6462 

	Au 
	Au 
	0.0000 0.1908 

	Hg 
	Hg 
	0.0000 0.1581 

	TI 
	TI 
	0.0000 0.1526 

	Pb 
	Pb 
	0.0000 0.2017 

	u 
	u 
	0.0000 0.1853 

	Sum of meas..ed species 
	Sum of meas..ed species 
	5,<150 26<1 


	21-0ct-92 
	Rice Straw CEWF 
	PM10 
	ABTT042 
	ABT0042 
	Traverse 2 9.500 9.360 9.030 0.573 0.565 0.545 
	:t:Uncenain!): 
	0.36 0.02 
	0.36 0.02 8.078 0.406 0.863 
	Emission jmg/k!l} :t:Uncenain!): PM2.5/PM10 
	1425.1074 
	16.5900 2082129 493.5958 
	8.8035 
	463.3298 3100.7479 2533.1295 
	364.6560 
	1202875 
	3465.4039 
	1.3607 53.5703 0.0000 62.1470 1112.7915 4112027 6.7831 0.1237 0.0687 0.1374 2.1373 5.0443 0.0000 0.0137 0.0756 0.2199 0.0000 0.1443 0.0619 
	1.6621 
	0.2955 0.0206 0.0275 0.0137 0.1031 
	0.0000 
	0.2643 0.2955 0.0000 0.0412 
	0.302<1 
	0.51142 0.0000 0.0069 0.1168 
	0.0000 
	0.0000 0.0206 5,650 
	0.0000 0.0206 5,650 
	96.7167 1.02 1.6781 0.97 12.6560 0.99 30.3857 1.04 0.8532 0.92 28.6907 1.02 245.5547 0.97 316.4339 0.96 28.5212 0.93 60.3024 1.01 0.0000 0.96 4.2093 2.70 

	3.7460 0.21 9.9045 5.7574 0.94 
	64.9242 0.98 
	23.9956 0.98 1.6837 0.22 1.3052 0.36 0.5650 0.37 0.0904 0.46 0.1413 0.22 0.3729 0.15 0.0848 0.0565 0.00 0.0396 0.67 0.0452 0.74 0.1074 0.0848 0.74 0.0735 0.92 0.4520 0.93 0.08,48 0.92 0.0622 0.31 0.01148 0.23 0.0904 2.29 0.1582 0.00 0.5933 0.6837 0.37 0.7289 0.00 0.7967 1.0114 2.60 1.1<113 0.00 3.9268 0.72 5.2319 0.1752 0.00 0.1469 0.00 0.1<113 
	0.1808 
	0.1752 0.00 250 0.96 
	Table . Element concentrations (ng/m3) from CNL fitter samples. 
	3.1.7.14
	11

	Fuel: Date: Time: Filter ID: 
	Element 
	Rice 21-0ct-92 14:39 AG-46 
	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"'3 351,530 
	57,640 
	31,120 
	998,880 294,600 
	640 1,230 4,470 
	4,670 610 
	29,100 
	10,400 
	2,800 
	51,000 15,500 
	300 300 400 
	400 400 
	Table 3.1.7 .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) 
	0 

	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 
	21-0ct-92 14:39 AG-46 
	Emission factor (mg/kg) 
	292.5 
	48.0 
	25.9 
	831.0 245.1 
	0.5 1.0 3.7 
	3.9 0.5 
	5.55 
	4.76 33.31 24.13 
	±Uncertainty (mg/kg) 
	24.2 
	8.7 
	2.3 
	42.4 12.9 
	0.2 0.2 0.3 
	0.3 0.3 
	Element concentrations (ng/m"3} from CNL filter samples. 
	Table 3.1.7.16. 

	Fuel: Rice Date: 21-0ct-92 Time: 15:58 Filter ID: AG-47 
	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/nr3 332,060 153,800 
	86,430 
	2,170,380 694,420 
	2,150 6,140 
	410 
	140 
	9,890 
	24,900 38,700 
	5,300 
	109,400 35,100 
	300 400 
	100 
	100 
	600 
	Element emission factors (mg/kg) from CNL filter samples. 
	Table 3.1.7.17. 

	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 
	Ni Cu Zn As Pb Se Br Rb Sr Zr 
	Rice 

	21-0ct-92 15:58 
	AG-47 
	Emission factor (mg/kg} 
	205.0 95.0 
	53.4 
	1,340.2 428.8 
	1.3 3.8 0.3 0.1 
	6.1 
	7.11 
	4.57 
	36.74 
	24.55 
	±Uncertainty (mg/kg} 
	15.4 23.9 
	3.3 
	67.6 21.7 
	0.2 0.2 
	0.1 
	0.1 
	0.4 
	Table 3.1.7.18. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.7.18. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.7.18. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.7.19. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.7.20. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.7.21. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.7.22. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.7.23. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.7.24. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.7.25. Relative element concentrations by stage from DRUM Impactor. 

	Stage 1: 10-15 µm 
	Stage 1: 10-15 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 
	Stage 6: 0.34 -0.56 µm 
	Stage 7: 0.24 -0.34 µrn 
	Stage 8: < 0.24 µm 

	21 -0ct-92 
	21 -0ct-92 
	Abundance 
	Abundance 
	21 -0ct-92 
	Abundance 
	Abundance 
	21-0ct-92 
	Abundance 
	Abundance 
	21-0ct-92 
	Abundance 
	Abundance 
	21-0ct-92 
	Abundance 
	Abundance 
	21 -0ct-92 
	Abundance 
	Abundance 
	21-0ct-92 
	Abundance 
	Abundance 
	21-0ct-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	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 
	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) 
	( -) 
	( ) 
	-

	(relative) 
	( . ) 
	( . ) 
	{relative) 
	( . ) 
	( . ) 
	(relative} 
	( } 
	-

	( ) 
	-

	(relative) 
	( -) 
	( -) 

	H 
	H 
	H 
	H 
	H 
	H 
	700.04 
	90.82 
	1.6807 
	H 
	9,938.97 
	924.14 
	0.8726 
	H 
	1,720.73 
	186.27 
	0.4460 
	H 
	12,473.70 
	833.32 
	0.4900 

	Na 
	Na 
	Na 
	Na 
	Na 
	Na 
	Na 
	Na 
	Na 

	Mg 
	Mg 
	Mg 
	Mg 
	Mg 
	232.38 
	58.64 
	1.1149 
	Mg 
	Mg 
	Mg 
	Mg 

	Al 
	Al 
	Al 
	Al 
	Al 
	Al 
	375.41 
	54.00 
	0.9013 
	Al 
	Al 
	Al 
	278.81 
	87.14 
	0.0110 

	Si 
	Si 
	5,319.79 
	302.73 
	3.6728 
	1 
	Si 
	2,854.50 
	176.73 
	2.9231 
	0.5366 
	Si 
	5,030.99 
	271.91 
	3.3629 
	0.9457 
	Si 
	275.25 
	46.91 
	1.3206 
	0.0517 
	Si 
	138.38 
	32:32 
	0.3322 
	0.0260 
	Si 
	139.53 
	40.09 
	0.0122 
	0.0262 
	Si 
	82.81 
	2523 
	0.0215 
	0.0156 
	Si 

	s 
	s 
	s 
	41.39 
	23.86 
	0.0424 
	s 
	s 
	156.46 
	42.14 
	0.7507 
	s 
	98.05 
	26.73 
	0.2354 
	s 
	s 
	s 

	Cl 
	Cl 
	687.10 
	105.82 
	0.4744 
	1 
	Cl 
	274.99 
	46.36 
	0.2816 
	0.4002 
	Cl 
	858.95 
	75.41 
	0.5742 
	1.2501 
	Cl 
	285.97 
	41.45 
	1.3720 
	0.4162 
	Cl 
	566.44 
	54.27 
	1.3600 
	0.8244 
	Cl 
	23,404.75 
	1,216.50 
	2.0547 
	34.0633 
	Cl 
	3,727.30 
	219.55 
	0.9660 
	5.4247 
	Cl 
	37,372.92 
	1,924.09 
	1.4682 
	54.3926 

	K 
	K 
	1,448.44 
	105.41 
	1.0000 
	1 
	K 
	976.54 
	73.77 
	1.0000 
	0.6742 
	K 
	1,496.00 
	111.41 
	1.0000 
	1.0328 
	K 
	208.43 
	32.45 
	1.0000 
	0.143~ 
	K 
	416.51 
	42.41 
	1.0000 
	0.2876 
	K 
	11,390.59 
	616.36 
	1.0000 
	7.8640 
	K 
	3,858.56 
	225.14 
	1.0000 
	2.6639 
	K 
	25,454.09 
	1,332.41 
	1.0000 
	17.5734 

	ca 
	ca 
	562.15 
	64.77 
	0.3881 
	1 
	Ca 
	Ca 
	922.25 
	97.n 
	0.6165 
	1.6406 
	ca 
	56.15 
	27.41 
	0.2694 
	0.0999 
	Ca 
	ca 
	Ca 
	ca 

	Ti 
	Ti 
	52.34 
	20.59 
	0.0361 
	1 
	Ti 
	50.50 
	22.50 
	0.0517 
	0.9648 
	Ti 
	Ti 
	Ti 
	Ti 
	Ti 
	Ti 

	V 
	V 
	V 
	V 
	35.29 
	12.68 
	0.0236 
	V 
	V 
	V 
	n .so 
	23.18 
	0.0068 
	V 
	V 
	162.70 
	61.09 
	0.0064 

	Cr 
	Cr 
	Cr 
	Cr 
	Cr 
	98.17 
	18.95 
	0.4710 
	Cr 
	43.70 
	12.41 
	0.1049 
	Cr 
	Cr 
	Cr 

	Mn 
	Mn 
	125.54 
	18.00 
	0.0867 
	1 
	Mn 
	66.18 
	13.91 
	0.0678 
	0.527~ 
	Mn 
	237.00 
	2427 
	0.1584 
	1.8879 
	Mn 
	Mn 
	72.01 
	16.77 
	0.1729 
	0.5736 
	Mn 
	71 .58 
	16.91 
	0.0063 
	0.5702 
	Mn 
	Mn 
	49.00 
	16.91 
	0.0019 
	0.3903 

	Fe 
	Fe 
	1,297.12 
	78.95 
	0.8955 
	1 
	Fe 
	770.54 
	50.86 
	0.7890 
	0.5940 
	Fe 
	530.10 
	39.27 
	0.3543 
	0.4087 
	Fe 
	104.56 
	19.91 
	0.5017 
	0.0806 
	Fe 
	Fe 
	148.85 
	24.41 
	0.0131 
	0.1148 
	Fe 
	Fe 

	Ni 
	Ni 
	Ni 
	20.97 
	5.73 
	0.0215 
	Ni 
	Ni 
	Ni 
	Ni 
	Ni 
	22.53 
	6.68 
	0.0058 
	Ni 
	28.13 
	11.86 
	0.0011 

	Cu 
	Cu 
	Cu 
	Cu 
	Cu 
	Cu 
	Cu 
	Cu 
	25.96 
	7.50 
	0.0067 
	Cu 
	72.31 
	16.36 
	0.0028 

	Zn 
	Zn 
	Zn 
	Zn 
	Zn 
	Zn 
	Zn 
	38.99 
	10.23 
	0.0034 
	Zn 
	22.72 
	7.36 
	0.0059 
	Zn 

	As 
	As 
	As 
	As 
	As 
	As 
	As 
	As 
	As 

	Se 
	Se 
	Se 
	Se 
	Se 
	Se 
	Se 
	Se 
	Se 
	42.83 
	14.05 
	0.0017 

	Br 
	Br 
	Br 
	Br 
	Br 
	Br 
	Br 
	151 .98 
	23.86 
	0.0133 
	Br 
	Br 
	354.19 
	50.18 
	0.0139 

	Rb 
	Rb 
	Rb 
	Rb 
	Rb 
	Rb 
	Rb 
	51.57 
	24.00 
	0.0045 
	Rb 
	Rb 

	Sr 
	Sr 
	Sr 
	Sr 
	Sr 
	Sr 
	Sr 
	Sr 
	Sr 

	Pb 
	Pb 
	Pb 
	Pb 
	Pb 
	Pb 
	Pb 
	Pb 
	Pb 


	Table 3.1.7.26 voe Concentrations (ppbv) 
	Table 3.1.7.26 voe Concentrations (ppbv) 
	Table 3.1.7.26 voe Concentrations (ppbv) 

	Date Fuel Traverse 
	Date Fuel Traverse 
	21 ·0ct-92 Rice Straw Traverse 1 
	21-0ct-92 Rice Straw Traverse 2 


	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) Butane 
	Dinnethyloxirane Pentene Methylbutanone (isopropylmethyl ketone) Furancarboxaldehyde (furfural) Benzene Dimethylbutane Hexane Phenol Dimethylfuran 2-methyl 2-cyclopenten-1-one 2<hloro phenol Toluene Benzonitrile Benzaldehyde ~ethylphenol (hydroxy toluene) Styrene Xylene Trimethylpentane Benzofuran Methoxymethylphenol (creosol) Naphthalene 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) No match r.t.(6.4) No match r.t.(8.5) 
	117 
	117 
	117 

	103.1 
	103.1 
	152.5 

	124.1 
	124.1 
	83.8 

	TR
	123.9 

	81.6 
	81.6 
	159.1 

	33.5 
	33.5 
	40.6 

	65.7 
	65.7 
	85.8 

	15 
	15 
	26.9 

	13.2 
	13.2 
	9.2 


	Table voe Emission Factors (mg/kg) 
	3.1.7.27 

	Date Fuel Traverse Fuel Consumption Rate (~s d.b) Stack Gas Mass Flow Rate (k~s) 
	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) Butane Dimethyloxirane P~ntene Methylbutanone (isopropylmethyl ketone) 
	. 
	. 
	Furancarboxaldehyde (furfural) Benzene Dimethylbutane 



	Hexane 
	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 
	21-0ct-92 21-0ct-92 Rice Straw Rice Straw Traverse 1 Traverse 2 5.55 7.11 5.49 5.22 
	208 
	275 301 
	399 200 301 
	257 371 
	121 109 
	234 226 54 72 
	58 30 
	Table 3.1.7.21. PAH emlulon fllctora, rte. slnlw, 21 October 1992 (zero lnclcates not detected). 
	Table 3.1.7.21. PAH emlulon fllctora, rte. slnlw, 21 October 1992 (zero lnclcates not detected). 
	Table 3.1.7.21. PAH emlulon fllctora, rte. slnlw, 21 October 1992 (zero lnclcates not detected). 

	Traverse 1 
	Traverse 1 
	Traverae 2 
	Traverse 1 
	Traverse 2 
	lmpinger 
	Total 
	Total 
	Total 

	Filter 
	Filter 
	FHter 
	Trap 
	Sorbent 
	Sorbenl 
	Rinsate 
	Traverse 1 
	Traverse 2 
	Average 

	µg/kg dry fuel 
	µg/kg dry fuel 

	Naphflalene 
	Naphflalene 
	250 
	249 
	35 
	14,166 
	6,900 
	1 
	14,453 
	7,185 
	10,819 

	2-Methyl-naphthalene 
	2-Methyl-naphthalene 
	269 
	343 
	48 
	26,684 
	15,015 
	1 
	27,001 
	15,406 
	21,204 

	Acenaphthylene 
	Acenaphthylene 
	12 
	11 
	1 
	411 
	262 
	0 
	425 
	274 
	350 

	Acenaphthene 
	Acenaphthene 
	0 
	0 
	0 
	1,220 
	921 
	0 
	1,220 
	921 
	1,070 

	Fluorene 
	Fluorene 
	-1 
	1 
	5 
	1,215 
	738 
	0 
	1,219 
	742 
	980 

	Phenanthrene 
	Phenanthrene 
	98 
	102 
	59 
	2,359 
	1,827 
	2 
	2,517 
	1,989 
	2,253 

	Ardncene 
	Ardncene 
	25 
	26 
	6 
	337 
	384 
	0 
	388 
	416 
	392 

	Fluoranthene 
	Fluoranthene 
	146 
	75 
	100 
	368 
	273 
	0 
	614 
	449 
	531 

	PyBenz(a}-anthracene 
	PyBenz(a}-anthracene 
	-

	159 215 
	89 125 
	71 1 
	134 0 
	173 4 
	0 0 
	383 216 
	332 130 
	348 173 

	Chrysene 
	Chrysene 
	222 
	119 
	13 
	17 
	6 
	0 
	252 
	138 
	195 

	Benzo(b]-lluoranthene 
	Benzo(b]-lluoranthene 
	171 
	64 
	20 
	9 
	8 
	0 
	200 
	92 
	146 

	Benzo{k]-fluoranthene 
	Benzo{k]-fluoranthene 
	177 
	n 
	0 
	12 
	10 
	0 
	189 
	87 
	138 

	Benzo{a)pyrene 
	Benzo{a)pyrene 
	63 
	38 
	0 
	0 
	4 
	0 
	63 
	42 
	52 

	Benzo{e)pyrene 
	Benzo{e)pyrene 
	128 
	70 
	0 
	0 
	7 
	0 
	128 
	77 
	103 

	P91Ylene 
	P91Ylene 
	13 
	5 
	0 
	0 
	0 
	0 
	13 
	5 
	9 

	Benzo{gv]-perylene 
	Benzo{gv]-perylene 
	24 
	12 
	0 
	0 
	0 
	0 
	24 
	12 
	18 

	tndeno(1 ,2,3-cd)-pyrene 
	tndeno(1 ,2,3-cd)-pyrene 
	24 
	11 
	0 
	0 
	0 
	0 
	24 
	11 
	18 

	Oibenz{a,h]-anthrac:ene 
	Oibenz{a,h]-anthrac:ene 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	Total 
	Total 
	1,995 
	1,418 
	356 
	46,930 
	26,530 
	5 
	49,287 
	28,309 
	38,798 


	Figure 3.1.7.1. Ambient air conditions, 21 October 92. 
	Fuel Type: Rice Straw Test Date 21-0ct-92 Configuration: CEWF 
	Air Temperature {°C) -· -· --Air Relative Humidity(%) 
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	Figure 3.1 .7.2. Air temperature and relative humidity from CIMIS station. 
	Fuel: Rice Straw Date of Test: 21-0ct-92 Configuration: CEWF Hourly Average CIMIS Data for Davis, California 
	---o--Air Temperature (°C) ---o-Relative Humidity(%) 
	100 90 
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	70 60 
	50 
	40 30 
	20 10 0 
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	Figure 3.1.7.3. Wind speed from CIMIS station. Fuel: Rice Straw Date of Test: 21-0ct-92 Configuration; CEWF 
	Hourly Average CIMIS Data for Davis, California 
	---0--Wind Speed (mis) 
	3.5 
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	2 
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	0 
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	Figure 3.1.7.4. Wind direction and solar radiation from CIMIS station. 
	Fuel: Rice Straw Date of Test: 21-0ct-92 Configuration: CEWF Hourly Average CIMIS Data for Davis, California 
	--0---Wind Direction (from N) ----0-Solar Radiation (W/sq. m) 
	0 
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	Figure 3.1.7.5. Inlet air, stack gas, and lmplnger temperatures, 21 October 92. 
	Fuel Type: Rice Straw Test Date 21-0ct-92 Configuration: CEWF 
	-
	-
	-
	-
	-
	-
	-
	Inlet Air 
	---Stack 
	-

	lmpinger Outlet 

	TR
	Temperature 
	Temperature 
	Temperature 

	TR
	(°C) 
	(OC) 
	(OC) 
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	Figure 3.1.7.6. Conveyor speed and stack gas velocity, 21 October 92. 
	Figure 3.1.7.6. Conveyor speed and stack gas velocity, 21 October 92. 
	Fuel Type: Rice Straw Test Date 21-0ct-92 Configuration: CEWF 
	Conveyor Speed (m/min) 
	Conveyor Speed (m/min) 
	Conveyor Speed (m/min) 
	--
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	Figure 3.1 .7.7. Conveyor speed with 10 min moving average, 21 October 92. 
	Fuel Type: Rice Straw Test Date 21 -0ct-92 Configuration: CEWF 
	Conveyor Speed (m/min) Conveyor Speed-1 O pt. rolling average 
	D 

	Figure
	12 13 14 15 16 17 18 
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	Figure 3.1.7 .8. Conveyor travel, 21 October 92. 
	Fuel Type: Rice Straw Test Date 21-0ct-92 Configuration: CEWF 
	Conveyor Travel (m) 
	80.00 70.00 60.00 50.00 40.00 30.00 20.00 10.00 0.00 
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	Figure 3.1.7.9. CO concentration in stack gas, 21 October 92. 
	Fuel Type: Rice Straw Test Date 21-0ct-92 Configuration: CEWF 
	CO (ppmv) 
	250 
	200 
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	Figure . NO and NOx concentrations In stack gas, 21 October 92. 
	3.1.7.10

	Fuel Type: Rice Straw Test Date 21-0ct-92 Configuration: CEWF 
	NOx (ppmv) ------NO (ppmv) 
	9 8 7 6 5 4 3 2 
	0 
	12 14 18 
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	Figure 3.1. 7 .11. S02 concentrations in stack gas, 21 October 92. 
	Fuel Type: Rice Straw Test Date 21-0ct-92 Configuration: CEWF 
	6 
	6 
	6 
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	Total sulfur concentration In stack gas, 21 October 92. 
	Figure 3.1.7.12. 

	Fuel Type: Rice Straw Test Date 21-0ct-92 Configuration: CEWF 
	Total S (ppmv) 
	12 13 14 15 16 17 18 Time of Day (POST) 
	0.5 0.45 0.4 0.35 0.3 0.25 0.2 0.15 0.1 0.05 0 u ~ \n \ 11 IA ij ,n 
	Figure 3.1. 7.13. THC concentration in stack gas, 21 October 92. 
	Fuel Type: Rice Straw Test Date 21-0cl-92 Configuration: CEWF 
	THC (ppm) 
	60 
	50 
	40 
	30 
	20 
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	Particle size distribution, traverse 1, 21 October 92. 
	Figure 3.1.7.14. 

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

	Stage 
	Stage 
	ECD (µm) 

	1 
	1 
	13.82 

	2 
	2 
	7.74 

	3 
	3 
	4.13 

	4 
	4 
	2.18 

	5 
	5 
	1.26 

	6 
	6 
	0.74 

	7 
	7 
	0.39 

	filter 
	filter 
	0.00 


	Date of Test: Configuration: 
	Weight (mg) 
	Weight (mg) 
	Weight (mg) 
	Cum. Wt (mg) 

	0.15. 
	0.15. 
	10.26 

	0.17 
	0.17 
	10.11 

	0.18 
	0.18 
	9.94 

	0.39 
	0.39 
	9.76 

	0.57 
	0.57 
	9.37 

	1.07 
	1.07 
	8.8 

	1.08 
	1.08 
	7.73 

	6.65 
	6.65 
	6.65 


	21-0ct-92 CEWF 
	Cum. Fraction 1.000 0.985 0.969 0.951 0.913 0.858 0.753 
	0.648 
	1.000 0.950 
	I
	0.900 
	C 
	I
	.2 
	0.850
	u 
	f!! 
	., 0.800 
	IL

	., 
	CII 
	:::& 0.750 
	I 
	0.700
	i 
	:i 
	E 
	:, 0.650 
	CJ 
	0.600 
	0.550 0.500 0.00 
	:___-
	.-
	-
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	ECO(µm) 
	ECO(µm) 
	Particle size distribution, traverse 2, 21 October 92. 
	Figure 3.1.7.15. 

	Fuel: Rice Straw Particle Size Distribution 
	Traverse 2: 
	Stage 1 2 3 4 5 6 7 
	filter 
	ECD (µm) 14.01 7.85 
	4.19 
	2.21 1.27 0.75 0.39 
	0.00 
	Weight (mg) 0.14 0.14 0.20 0.24 
	0.33 
	0.80 1.03 6.12 
	Date of Test: Configuration: 
	Cum. Wt (mg) 9.00 8.86 8.72 8.52 
	8.28 
	7.95 7.15 6.12 
	21-0ct-92 CEWF 
	Cum. Fraction 1.000 0.984 0.969 0.947 0.920 
	0.883 
	0.794 
	0.680 
	C .2-~ u..,., CII :E : i :i E ::I 0 1.000 0.950 0.900 ( 0.850 0.800 0.750 0.700 0.650 0.600 0.550 0.500 _,,,,,,--I -
	0.00 5.00 10.00 15.00 20.00 

	ECD(µm) 
	ECD(µm) 
	Figure 3.1.7.16. Nitrogen balance. 
	Figure 3.1.7.16. Nitrogen balance. 
	Figure 3.1.7.16. Nitrogen balance. 

	Date of Test: 
	Date of Test: 
	21-0ct-92 

	Fuel 
	Fuel 
	Rice Straw 


	Nitrogen 
	Nitrogen 
	ND 65% 
	Figure

	PM NOx 
	PM NOx 
	5% 9% 
	Figure 3.1.7.17. SuHur balance. 
	Figure 3.1.7.17. SuHur balance. 
	Figure 3.1.7.17. SuHur balance. 

	Date of Test: 
	Date of Test: 
	21-0ct-92 

	Fuel 
	Fuel 
	Rice Straw 


	SuHur 
	PM
	S02 
	6%
	13% ND 
	Figure
	Ash 
	63% 
	Relative abundance for major elements from DRUM Impactor, Rice Straw, 21-0ct-92, (CEWF). 
	Figure 3.1.7.18. 
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	Figure
	Table 3.1.8.1 
	Table 3.1.8.1 
	Table 3.1.8.1 

	Fuel and Ash Analyses 
	Fuel and Ash Analyses 

	Run Date 
	Run Date 
	23-0ct-92 
	23-0ct-92 

	Fuel Type 
	Fuel Type 
	Rice Straw 
	Rice Straw 

	Sample Type 
	Sample Type 
	Fuel 
	Ash 

	Ultimate Analysis 
	Ultimate Analysis 

	(% dry weight) 
	(% dry weight) 

	C 
	C 
	36.86 
	12.28 

	H 
	H 
	4.99 
	0.61 

	N 
	N 
	0.72 
	0.39 

	Elemental Analysis 
	Elemental Analysis 

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

	N 
	N 
	o.n 
	0.44 

	p 
	p 
	0.08 
	0.32 

	K 
	K 
	2.75 
	9.52 

	Ca 
	Ca 
	0.23 
	0.80 

	Mg 
	Mg 
	0.19 
	0.62 

	Na 
	Na 
	0.09 
	0.32 

	Cl 
	Cl 
	0.56 
	1.69 

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

	s 
	s 
	993 
	1,550 

	B 
	B 
	6 
	14 

	Zn 
	Zn 
	23 
	68 

	Mn 
	Mn 
	562 
	1,930 · 

	Fe 
	Fe 
	230 
	747 

	Cu 
	Cu 
	11 
	10 

	Si 
	Si 

	Total(% dry weight) 
	Total(% dry weight) 
	46.70 
	27.04 

	Proximate Analysis 
	Proximate Analysis 

	(% dry weight) 
	(% dry weight) 

	Ash 
	Ash 
	22.30 
	85.26 

	Volatiles 
	Volatiles 
	64.57 
	10.13 

	Fixed Carbon 
	Fixed Carbon 
	13.13 
	4.61 

	Hi2her Heatin9 Value 
	Hi2her Heatin9 Value 


	(MJ/kg dry weight) 14.7934 4.4267 
	Table 3.1.8.2. Operating conditions and concentrations, 23 October 92. 
	Fuel: 
	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: Configuration: 
	23-0ct-92 CANF 

	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 Loading Rate (g/sq.m w.b.): Total Fuel Consumption (kg w.b.) Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	629 64.9 16.6 0.26 

	TR
	Traverse 1 
	Traverse 2 


	Mean Values 
	Air Temperature {QC) Air Relative Humidity (%) Inlet Air Temperature (QC) Stack Temperature (QC) lmpinger Outlet Temperature (QC) 
	Fire Spreading Rate (m/min) 
	Stack Gas Velocity (mis) 
	Gas and PM Concentrations (less background) 
	CO (ppmv) 
	NO (ppmv) 
	NOx (ppmv) 
	SO2 (ppmv) 
	THC (ppmv as CH4) 
	HC (ppmv as CH4 by GC) 
	CH4 (ppmv) 
	NMHC (ppmv as CH4) 
	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) 
	27.63 34.57 31.79 55.87 22.74 
	0.97 2.41 
	125.52 
	4.08 
	5.73 0.74 29.69 8.59 3.78 25.91 4.81 2,405 
	0.86 
	21 .95 21 .51 20.63 
	28.10 31.85 32.39 59.45 20.42 
	1.13 2.31 
	115.93 
	4.99 
	6.78 1.06 27.09 9.12 
	4.06 
	23.03 5.06 2,660 1.08 
	23.89 23.41 22.10 
	Table 3.1.8.3. Mass balance, rice straw, 23 October 92. 
	Table 3.1.8.3. Mass balance, rice straw, 23 October 92. 
	Table 3.1.8.3. Mass balance, rice straw, 23 October 92. 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	23-0ct-92 

	TR
	Configuration: 
	CRNF 

	Mass Balance 
	Mass Balance 


	Traverse 1 Traverse 2 
	Total Conveyor Travel (m) 23.34 27.18 Fuel Moisture Content (% w.b.) 7.7 9.1 Fuel Loading Rate (g/sq.m d.b.) 580 572 Total Fuel Consumption (g w.b.) 17,888 20,833 Total Fuel Consumption (g d.b.) 16,505 18,936 Residual Ash (g w.b.) 4,590 5,346 Fuel Vaporized (g w.b.) 13.298 15,487 Fuel Consumption Rate (g/s w.b.) 12.42 14.47 Fuel Consumption Rate (g/s d.b.) 11 .46 13.15 Ash Generation Rate (g/s w.b.) 3.19 3.71 Fuel Vaporization Rate (g/s w.b.) 9.23 10.76 
	Stack Gas Density (kg/cu.m) 1.0742 1.0626 Stack Gas Flow Rate (cu.mis) 3.58 3.44 Stack Gas Mass Flow Rate (kg/s) 3.84 3.65 Inlet Air Mass Flow Rate (kg/s) 3.84 3.64 Overall Air-Fuel Ratio (w.b.) 308.74 251.63 Overall Air-Fuel Ratio (d.b.) 334.61 276.84 
	Table 3.1.8.4. Emission factors, rice straw 23 October 92 (integrated basis). 
	Table 3.1.8.4. Emission factors, rice straw 23 October 92 (integrated basis). 
	Table 3.1.8.4. Emission factors, rice straw 23 October 92 (integrated basis). 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	23-0ct-92 

	TR
	Configuration: 
	CRNF 

	Emission Factors {% of fuel d!j:'. weightl 
	Emission Factors {% of fuel d!j:'. weightl 

	Integrated Basis 
	Integrated Basis 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Avera9e 


	4.033 3.123 3.578 NO 0.141 0.144 0.142 NOx (as NO2) 0.305 0.299 0.302 SO2 0.055 0.065 0.060 THC (as CH4) 0.481 0.369 0.425 HC (as CH4 by GC) 0.159 0.140 0.149 CH4 (by GC) 0.070 0.062 0.066 NMHC (as CH4) 0.411 0.307 0.359 NMHC (as CH4 by GC) 0.089 0.078 0.083 CO2 (byGC) 122.393 112.067 117.230 Total S (as SO2) 0.064 0.066 0.065 SO2/Total S 0.87 0.99 0.93 
	co 

	PM 0.616 0.551 0.584 . PM10 0.604 0.540 0.572 PM2.5 0.579 0.510 0.545 
	MMAD (µm) 0.176 0.181 0.179 a 5.191 5.406 
	Table 3.1.8.5. Emission factors, rice straw 23 October 92 (average basis). 
	Table 3.1.8.5. Emission factors, rice straw 23 October 92 (average basis). 
	Table 3.1.8.5. Emission factors, rice straw 23 October 92 (average basis). 

	Fuel: 
	Fuel: 
	Rice Straw 
	Date of Test: 
	23-0ct-92 

	TR
	Configuration: 
	CRNF 

	Emission Factors {% of fuel d~ weight} 
	Emission Factors {% of fuel d~ weight} 

	Average Basis 
	Average Basis 

	TR
	Traverse 1 
	Traverse 2 
	Average 

	co 
	co 
	4.065 
	3.108 
	3.586 

	NO 
	NO 
	0.142 
	0.143 
	0.142 

	NOx (as NO2) 
	NOx (as NO2) 
	0.305 
	0.298 
	0.302 

	SO2 
	SO2 
	0.055 
	0.065 
	0.060 

	THC (as CH4) 
	THC (as CH4) 
	0.549 
	0.415 
	0.482 

	HC (as CH4 by GC) 
	HC (as CH4 by GC) 
	0.159 
	0.140 
	0.149 

	CH4 (byGC) 
	CH4 (byGC) 
	0.070 
	0.062 
	0.066 

	NMHC (as CH4) 
	NMHC (as CH4) 
	0.479 
	0.353 
	0.416 

	NMHC (as CH4 by GC) 
	NMHC (as CH4 by GC) 
	0.089 
	0.078 
	0.083 

	CO2 (by GC) 
	CO2 (by GC) 
	122.393 
	112.067 
	117.230 

	Totals (as SO2) 
	Totals (as SO2) 
	0.063 
	0.066 
	0.065 

	SO2/Total S 
	SO2/Total S 
	0.86 
	0.98 
	0.92 

	PM 
	PM 
	0.616 
	0.551 
	0.584 

	PM10 
	PM10 
	0.604 
	0.540 
	0.572 

	PM2.5 
	PM2.5 
	0.579 
	0.510 
	0.545 

	MMAD (µm) 
	MMAD (µm) 
	0.176 
	0.181 
	0.179 

	a 
	a 
	5.191 
	5.406 


	Table 3.1.8.6. Carbon balance. 
	Table 3.1.8.6. Carbon balance. 
	Date of Test: 23-0ct-92 23-Oct-92 Fuel Rice Straw Rice Straw Traverse, Traverse 2 
	Carbon Balance 
	Dry Fuel Consurrption Rate (g/s) Ash Generation Rate (g/s) Ash Fraction (% dry basis) Fuel Carbon Concentration (%) Residual Ash Carbon Concentration(%) 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 (mg/cubic meter) PM Carbon Concentration(%) PM Carbon (mg/cubic meter) Stack Gas Terrperature (°C) lrrpinger Tell1)8rature (°C) PM molar con
	Emission Factors (o/o Average Basis): CO2 
	co 
	THC (as CH4) PM Emission Factors (o/o Integrated Basis): CO2 
	co 
	THC (as CH4) PM 
	Closure (o/o Average Basis) Closure {o/o Integrated Basis} 
	11 .46 3.19 27.84 36.86 12.28 3.83 122.62 1.07 2,405 125.52 29.69 21.95 26.89 5.90 55.87 22.74 11.94 2.26 
	122.393 4.065 0.549 0.616 
	122.393 4.033 0.481 0.616 
	107 106 
	13.15 3.7, 28.21 36.86 12.28 4.39 122.45 1.06 2,660 
	115.93 27.09 23.89 26.89 
	6.42 59.45 20.42 12.90 
	2.39 
	112.067 3.108 0.415 0.551 
	112.067 3.123 0.369 0.551 
	97 96 
	Table 3.1.8.7. Nitrogen balance Date of Test: Fuel 
	Nitrogen Balance Fuel Nitrogen Concentration (% dry weight) Ash Nitrogen Concentration {o/o weight) 
	Emission Factors (% Average Basis): NOx (as NO2) PM 
	Emission Factors(% Integrated Basis): NOx (as NO2) 
	NO3-Concentration of PM (% weight) NH4+ Concentration of PM (o/o weight) Nitrogen Concentration of PM (%) Fuel Nitrogen (mgts) Ash Nitrogen (mg/s) Nitrogen as NOx (~s Average Basis) Nitrogen as NOx (~s Integrated Basis) Nitrogen as PM (mg/s Average Basis) Nitrogen as NOx+PM (m!>'s Average Basis) Nitrogen as NOx+PM (m!>'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 Nitrog
	23-0ct-92 23-0ct-92 
	Rice Straw Rice Straw 
	Traverse 1 Traverse 2 
	o.n o.n 
	0.44 0.44 
	0.305 0.298 0.616 0.551 
	0.305 0.299 
	0.160 0.160 7.414 7.414 5.802 5.802 88.24 101.26 14.04 16.32 10.64 11 .93 10.64 11.97 
	4.10 4.20 14.73 16.13 14.73 16.17 0.167 0.159 0.167 0.160 0.159 0.161 0.326 0.321 · 0.326 0.321 
	Table 3.1 .8.8. Sulfur balance. 
	Table 3.1 .8.8. Sulfur balance. 
	Table 3.1 .8.8. Sulfur balance. 

	Date of Test: 
	Date of Test: 
	23-0ct-92 
	23-Oct-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 

	TR
	Traverse 1 
	Traverse 2 

	Sulfur Balance 
	Sulfur Balance 

	Fuel Sulfur Concentration (mg/kg dry weight) 
	Fuel Sulfur Concentration (mg/kg dry weight) 
	993 
	993 

	Ash Sulfur Concentration (mg/kg weight) 
	Ash Sulfur Concentration (mg/kg weight) 
	1,550 
	1,550 

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

	502 
	502 
	0.055 
	0.065 

	PM 
	PM 
	0.616 
	0.551 

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

	SO2 
	SO2 
	0.055 
	0.065 

	Sulfur Concentration of PM (o/o weight) 
	Sulfur Concentration of PM (o/o weight) 
	0.817 
	0.817 

	Fuel Sulfur (mg/s) 
	Fuel Sulfur (mg/s) 
	11.38 
	13.06 

	Ash Sulfur (mg/s) 
	Ash Sulfur (mg/s) 
	4.94 
	5.75 

	Sulfur as SO2 (mg/s Average Basis) 
	Sulfur as SO2 (mg/s Average Basis) 
	3.15 
	4.27 

	Sulfur as SO2 (mg/s Integrated Basis) 
	Sulfur as SO2 (mg/s Integrated Basis) 
	3.15 
	4.27 

	Sulfur as PM (mg/s Average Basis) 
	Sulfur as PM (mg/s Average Basis) 
	0.58 
	0.59 

	Sulfur as SO2+PM (mg/s Average Basis) 
	Sulfur as SO2+PM (mg/s Average Basis) 
	3.73 
	4.87 

	Sulfur as SO2+PM (mg/s Integrated Basis) 
	Sulfur as SO2+PM (mg/s Integrated Basis) 
	3.73 
	4.87 

	SO2+PM Sulfur/Fuel Sulfur (Average Basis) 
	SO2+PM Sulfur/Fuel Sulfur (Average Basis) 
	0.328 
	0.373 

	5O2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
	5O2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
	0.328 
	0.373 

	Ash Sulfur/Fuel Sulfur 
	Ash Sulfur/Fuel Sulfur 
	0.434 
	0.440 

	Closure (o/o Average Basis) 
	Closure (o/o Average Basis) 
	76 
	81 

	Closure(% Integrated Basis} 
	Closure(% Integrated Basis} 
	76 
	81 



	Table 3.1.8.9. Water balance. 
	Table 3.1.8.9. Water balance. 
	Estimated Stack Humidity 
	Fuel 
	Fuel 
	Fuel 
	Rice Straw 

	Configuration 
	Configuration 
	CRNF 

	Date of Test 
	Date of Test 
	23-0ct-92 

	TR
	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: 
	28 
	28 
	28 
	28 

	35 
	35 
	32 

	301 
	301 
	301 

	3,701 
	3,701 
	3,804 

	1,280 
	1,280 
	1,212 

	10.6 
	10.6 
	9.8 

	0.0126 
	0.0126 
	0.0120 

	0.0078 
	0.0078 
	0.0074 

	12.42 
	12.42 
	14.47 

	7.7 
	7.7 
	9.1 

	0.26 
	0.26 
	0.26 

	4.99 
	4.99 
	4.99 

	0.61 
	0.61 
	0.61 

	0.96 
	0.96 
	1.32 

	4.97 
	4.97 
	5.70 

	5.93 
	5.93 
	7.02 

	3,840 
	3,840 
	3,640 

	30 
	30 
	27 

	36 
	36 
	34 

	3,849 
	3,849 
	3,651 

	0.0094 
	0.0094 
	0.0093 

	0.0151 
	0.0151 
	0.0150 

	1,528 
	1,528 
	1.522 

	56 
	56 
	59 

	329 
	329 
	333 

	16,428 
	16,428 
	19,442 

	9 
	9 
	8 

	13.3 
	13.3 
	13.3 

	22.7 
	22.7 
	20.4 

	257 
	257 
	253 

	2.9 
	2.9 
	2.8 

	Estimated 
	Estimated 
	Measured 


	Total lmpinger/Desiccant Weight Gain (g) 5.7 6.9 Estimated/Measured Weight Gain 0.83 
	Table 3.1.8.10. Power balance. 
	Table 3.1.8.10. Power balance. 
	Table 3.1.8.10. Power balance. 

	Date of Test: 
	Date of Test: 
	23-0ct-92 
	23-Oct-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 Incomplete Combustion (kW) 
	co 
	THC (as CH4) 
	PM 
	Heat Release Rate (kW) Fireline Intensity (kW/m) Stack Gas Flow (ki;>'s) . Stack Gas Temperature (°C) Inlet Temperature (°C) Sensible Power at Top of Stack (kW) Tunnel Dissipation (kW) 
	14.7934 4.4267 155.4 
	4.7 3.5 0.6 146.6 120.2 3.84 55.87 31.79 93.0 53.6 
	14.7934 4.4267 178.1 
	4.1 3.0 0.6 170.3 139.7 3.65 59.45 32.39 99.4 70.9 
	MH• concentration• (%) from ORI filter aample• 
	Table 3.1.8.11. 

	Dale Fuel 
	Size Fraction 
	Teflon Filter ID 
	0uanz Filler ID 
	Teflon Field Sa01>le Flag 
	0uanz field sample field 
	Teflon ma88 sample flag 
	Ouanz mass &a"1)1e flag 
	Anions aampfe flag 
	Ammoniwn analysis flag 
	Sodium ion analysis flag 
	Magnesium ion analysis flag 
	Potaselum ion analysis flag 
	Carbon analysis flag 
	XRF analysis Hag 
	Tel1on 1&"1)le volume (111"3) Quartz aampfe volwne (111"3) Talton mass coooentralion (JLi;'m"'3) 
	Cl• 
	NOO
	-

	504: 
	NH4+ 
	Na+ 
	K+ 
	C(o,g) 
	C(ohl) 
	C(a) 
	C(ahl) 
	C 
	Al 
	Si 
	p 
	s 
	Cl 
	K 
	Ca 
	Tl 
	V 
	Cr 
	Mn 
	Fe 
	Co 
	Ni 
	Cu 
	Zn 
	Ga 
	M 
	Se 
	Br 
	Rb 
	Sr 
	y 
	Zr 
	Mo Pd Ag Cd 
	In 
	Sn Sb Ba La 
	Au 
	Hg Tl 
	Pb 
	u 
	Sum of measuredspecies 
	23-0d-92 Rice Straw CRNF 
	PM2.5 
	I\BTT043 ABT0043 
	0.24 0.01 0.24 0.01 
	±Uncenai!!l( 

	18.233 914 
	Concentration ~I ±UnceRai!!l( 
	38.0901 0.1873 3.4331 8.3213 0.3192 21.8542 22.8110 19.1836 8.0119 1.0329 
	30.8229 0.0000 
	0.0959 
	0.0000 0.9064 28.8228 
	17.2113 0.0589 0.0036 0.0027 0.0027 0.0175 0.0124 0.0012 0.0004 
	0.0030 
	0.0067 
	0.0000 
	0.0027 
	0.0013 
	0.2176 
	0.0142 
	0.0010 
	0.0008 
	0.0094 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0021 
	0.0000 
	0.0047 
	0.0047 
	0.0000 
	0.0000 
	0.0001 
	0.0000 
	0.0015 86.6361 
	3.1394 0.0200 0.2529 0.6320 0.0281 1.6434 2.1850 2.9254 0.7570 0.6311 
	0.1233 0.1624 0.3072 0.1535 2.0276 1.2188 0.2459 0.0173 0.0075 0.0011 0.0015 0.0028 0.0005 0.0007 
	0.0008 
	0.0007 0.0014 0.0011 
	0.0008 
	0.0155 0.0028 0.0005 0.0016 0.0010 0.0021 0.0089 0.0098 0.0106 0.0116 0.0143 0.0159 0.0510 0.0674 0.0023 0.0020 0.0019 0.0025 0.0043 3.4020 
	23-0cl-92 Rk:e Straw CRNF 
	PM10 
	"8TT044 "8T0044 
	±Uncenain!}'. 
	±Uncenain!}'. 
	±Uncenain!}'. 

	0.24 
	0.24 
	0.01 

	0.24 
	0.24 
	0.01 

	19.238 
	19.238 
	964 

	Concentration ,%! 
	Concentration ,%! 
	±Uncenain!}'. 
	PM2.5/PM10 

	34.9973 
	34.9973 
	2.8843 
	1.09 

	0.1598 
	0.1598 
	0.0190 
	1.05 

	3.2312 
	3.2312 
	0.2380 
	1.06 

	7.4139 
	7.4139 
	0.5679 
	1.12 

	0.3002 
	0.3002 
	0.0264 
	1.06 

	20.0559 
	20.0559 
	1.5080 
	1.09 

	19.3579 
	19.3579 
	1.8742 
	1.17 

	16.6856 
	16.6856 
	2.5491 
	1.15 

	7.5352 
	7.5352 
	0.7129 
	1.06 

	0.7581 
	0.7581 
	0.4631 
	1.36 

	26.8931 
	26.8931 
	1.14 

	0.0000 
	0.0000 
	0.1097 

	0.8392 
	0.8392 
	0.0771 
	0.11 

	0.0000 
	0.0000 
	0.2713 

	0.8189 
	0.8189 
	0.1360 
	1.11 

	25.2706 
	25.2706 
	1.7900 
	1.13 

	15.3427 
	15.3427 
	1.0883 
	1.12 

	0.2083 
	0.2083 
	0.2199 
	0.28 

	0.0305 
	0.0305 
	0.0101 
	0.12 

	0.0023 
	0.0023 
	0.0071 
	1.17 

	0.0029 
	0.0029 
	0.0010 
	0.93 

	0.0598 
	0.0598 
	0.0044 
	0.29 

	0.0702 
	0.0702 
	0.0056 
	0.18 

	0.0008 
	0.0008 
	0.0013 
	1.50 

	0.0011 
	0.0011 
	0.0005 
	0.36 

	0.0024 
	0.0024 
	0.0005 
	1.25 

	0.0069 
	0.0069 
	0.0007 
	0.97 

	0.0000 
	0.0000 
	0.0013 

	0.0024 
	0.0024 
	0.0010 
	1.13 

	0.0014 
	0.0014 
	0.0006 
	0.93 

	0.1941 
	0.1941 
	0.0138 
	1.12 

	0.0127 
	0.0127 
	0.0025 
	1.12 

	0.0016 
	0.0016 
	0.0005 
	0.63 

	0.0007 
	0.0007 
	0.0015 
	1.14 

	0.0008 
	0.0008 
	0.0011 
	11.75 

	0.0000 
	0.0000 
	0.0019 

	0.0000 
	0.0000 
	0.0083 

	0.0013 
	0.0013 
	0.0093 
	0.00 

	0.0000 
	0.0000 
	0.0098 

	0.0005 
	0.0005 
	0.0108 
	0.00 

	0.0000 
	0.0000 
	0.0132 

	0.0000 
	0.0000 
	0.0146 

	0.0000 
	0.0000 
	0.0474 

	0.0006 
	0.0006 
	0.0629 
	7.83 

	0.0000 
	0.0000 
	0.0022 

	0.0001 
	0.0001 
	0.0018 
	0.00 

	0.0004 
	0.0004 
	0.0017 
	0.25 

	0.0000 
	0.0000 
	0.0023 

	0.0009 
	0.0009 
	0.0039 
	1.67 

	n.6394 
	n.6394 
	2.9824 
	1.12 


	Table . Element r1tio1 from ORI filter 11mple1. 
	3.1.8.12

	Dale 
	Dale 
	Dale 
	23-0cl-92 

	Fuel 
	Fuel 
	RiceSlnlw 

	Configuration 
	Configuration 
	CRNF 

	Size Fraclion 
	Size Fraclion 
	PM2.S 

	Tellon Flier ID 
	Tellon Flier ID 
	ABTT043 

	OuarU: Filer ID 
	OuarU: Filer ID 
	ABTOCM3 

	CI-ICt 
	CI-ICt 
	1.33 

	K+A< 
	K+A< 
	127 

	Sulate S/TotaJ S 
	Sulate S/TotaJ S 
	1.26 

	C(org)IC 
	C(org)IC 
	0.7-4 

	Cl,1( 
	Cl,1( 
	1.66 

	CI-IK+ 
	CI-IK+ 
	1.7-4 

	CI-INa+ 
	CI-INa+ 
	119.33 

	SIi( 
	SIi( 
	0.05 

	S/Na+ 
	S/Na+ 
	2.84 

	Al/Si 
	Al/Si 
	0.00 


	23-0d-92 
	Rice Slraw CRNF 
	PM10 PM2.SIPM10 
	A8TTIM4 
	AST0044 
	AST0044 
	1.38 1.31 1.32 0.72 
	1.65 
	1.7-4 
	116.58 0.05 2.72 0.00 
	0.96 0.97 0.96 1.03 1.01 1.00 1.02 0.99 1.0-4 
	Table . Emiuion factors (mg/kg) from DRI filter Hmpl••· 
	3.1.8.13

	Date 23-0d-92 Fuel Rice Straw CRNF 
	Size Fraction PM2.5 
	Teflon Filter ID ABTT043 
	Quanz Filer ID ABT0043 
	SlanTime 15:59 
	Slop Time 16:23 
	Stan Time 
	End Time 
	Elapsed Time (mirues) 24 
	PM (mg/rn"3 by total filter) 
	PM 10 (by total filterll~actor) 
	PM2.5 (by total filter/l~actor) 
	PM emission factor(%) 
	PM10 emission factor(%) 
	PM2.5 emission factor (%) 
	PM2.5 emission factor (%) 
	:1:Uncertai!!): 
	:1:Uncertai!!): 


	Teflon sa~le volume (m"3) 0.24 0.01 
	Quartz aample voli.ne (m"3) 0.24 0.01 
	Tallon mass conoenlralion (mg/m"3) 18.233 0.914 
	Teflon mass/Total mass 0.825 
	Cl-2242.2467 160.1094 N03-9.8484 1.0200 504= 202.0960 12.8979 NH4+ 489.8493 32.2320 Na+ 18.7903 1.4331 K+ 1286.4894 83.8134 
	Emission {mgllqil :!:Uncertai!!): 

	C(org) 1331.0398 111.-4350 C(oht) 1129.2794 149.1954 C(e) -471.6358 38.6070 C(ehl) 60.8006 32.1861 C 1802.6757 0.0000 Al 0.0000 6.2883 Si 5.6453 B.282-4 
	p 
	0.0000 15.6672 s 53.3570 7.8285 Cl 1684.9360 103.4076 K 1013.1761 62.1588 Ca 3.-4673 12.5409 Ti 0.2119 0.8823 V 0.1589 0.3825 Cr 0.1589 0.0561 Mn 1.0302 0.0765 Fe 0.7299 0.1428 Co 0.0706 0.0255 Ni 0.0235 0.0357 Cu 0.1766 0.0306 Zn 0.39-44 0.0357 Ga 0.0000 0.0714 As 0.1589 0.0561 Se 0.0765 0.0306 Br 12.8094 0.7905 Rb 0.8359 0.1428 Sr 0.0589 0.0255 
	y 
	0.0471 0.0816 Zr 0.5533 0.0510 Mo 0.0000 0.1071 Pd 0.0000 0.4539 Ag 0.0000 0.4998 Cd 0.0000 0.5406 In 0.0000 0.5916 Sn 0.1236 0.7293 Sb 0.0000 0.8109 Ba 0.2767 2.6010 La 0.2767 3.437-4 Au 0.0000 0.1173 Hg 0.0000 0.1020 Tl 0.0059 0.0969 Pb 0.0000 0.1275 u 0.0883 0.2193 SUm of measured species 5,100 174 
	0.0471 0.0816 Zr 0.5533 0.0510 Mo 0.0000 0.1071 Pd 0.0000 0.4539 Ag 0.0000 0.4998 Cd 0.0000 0.5406 In 0.0000 0.5916 Sn 0.1236 0.7293 Sb 0.0000 0.8109 Ba 0.2767 2.6010 La 0.2767 3.437-4 Au 0.0000 0.1173 Hg 0.0000 0.1020 Tl 0.0059 0.0969 Pb 0.0000 0.1275 u 0.0883 0.2193 SUm of measured species 5,100 174 
	23-0d-92 

	Rice Slraw CRNF 
	PM10 
	ABTT0+4 ABTQ0.4.4 
	Traverse 2 23.890 23.410 22.100 0.551 0.540 0.510 
	:i:Uncenain~ 
	0.24 0.01 0.24 0.01 19.238 0.964 0.822 Emission !~Ill ±Uncertain~ PM2.SIPM10 
	2434.1432 11.1145 224.7374 515.6539 20.8796 
	1394.9343 
	1346.3868 
	1160.5221 
	52-4.0906 
	52.7276 187o.-4n4 0.0000 
	58.3683 
	0.0000 
	56.8173 
	1757.6287 1067.1203 14.48n 2.1213 0.1600 0.2017 4.1592 
	4.8826 
	0.0556 0.0765 0.1669 0.4799 0.0000 0.1669 0.0974 13.5001 0.8833 0.1113 0.0487 0.0556 0.0000 0.0000 0.0904 0.0000 0.0348 0.0000 0.0000 0.0000 0.0417 0.0000 0.0070 0.0278 0.0000 0.0626 
	5,400 
	155.7522 0.92 
	1.0260 0.89 12.8520 0.90 30.6666 0.95 
	1.4256 0.90 
	81.4320 0.92 101.2068 0.99 137.6514 0.97 
	38.-4966 0.90 
	25.0074 1.15 0.0000 0.96 5.9238 -4.1634 0.10 
	14.6502 
	7.34-40 0.94 96.6600 0.96 58.6602 0.95 11.8746 0.24 
	0.5454 0.10 0.3834 0.99 0.0540 0.79 0.2376 0.25 0.302-4 0.15 0.0702 1.27 0.0270 0.31 0.0270 1.06 0.0378 0.82 0.0702 0.0540 0.95 0.032-4 0.79 0.7-452 0.95 0.1350 0.95 0.0270 0.53 0.0810 0.97 0.0594 9.94 0.1026 0.4482 0.5022 0.00 0.5292 0.5832 0.00 0.7128 0.7884 2.5596 3.3966 6.63 0.1188 0.0972 0.00 0.0918 0.21 0.1242 0.2106 1.41 
	152 0.94 
	Table . Element concentrations (ng/m"3) from CNL filter samples. 
	3.1.8.14

	Fuel: Date: Time: Filter ID: 
	Element 
	Rice 23-0ct-92 15:20 AG-48 
	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 
	353,750 
	108,660 
	237,710 
	7,168,980 3,537,430 
	1,270 2,180 8,150 11,500 10,880 
	460 360 
	27,110 
	28,500 61,600 
	13,800 
	360,000 177,800 
	500 600 1,300 1,400 700 
	100 100 
	1,500 
	Table Element emission factors (mg/kg} from CNL filter samples. 
	3.1.8.15. 

	Fuel: Date: Time: Fiher ID: 
	Fuel rate (g/s) Stack gas flow rate (mA3/s) Stack Temperature (°C) C) 
	Ambient Temperature (
	0

	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 23-0ct-92 15:20 
	AG-48 
	Emission factor (mg/kg) 
	101.0 31.0 
	67.9 
	2,047.3 1,010.2 
	0.4 0.6 2.3 3.3 3.1 
	0.1 0.1 
	7.7 
	11 .46 
	3.58 55.87 27.63 
	±Uncertainty (mg/kg) 
	8.1 
	17.6 
	3.9 
	102.8 50.8 
	0.1 0.2 0.4 0.4 0.2 
	0.0 0.0 
	0.4 
	Table . Element concentrations (ng/m3) from CNL filter samples. 
	3.1.8.16
	11 

	Fuel: Rice Date: 23-0ct-92 Time: Filter ID: AG-60 
	Concentration ±Uncertaint:i 
	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'-3 705,120 388,580 
	115,090 
	4,537,320 1,856,230 
	1,270 1,660 5,770 8,990 330 860 280 430 
	910 20,970 
	46,500 68,000 
	7,300 
	228,000 93,500 
	500 600 800 700 100 200 100 100 
	300 1,200 
	Table . Element emission factors {mg/kg) from CNL filter samples. 
	3.1.8.17

	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 23-0ct-92 
	AG-60 
	13.15 
	3.44 59.45 28.10 
	Emission factor ±Uncertainty (mg/kg) (mg/kg) 
	167.1 11 .0 92.1 16.1 
	27.3 1.7 
	1,075.1 54.0 439.8 22.2 
	0.3 0.1 0.4 0.1 1.4 0.2 2.1 0.2 0.1 0.0 0.2 0.0 0.1 0.0 0.1 0.0 
	0.2 0.1 5.0 0.3 
	Table 3.1.8.18. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.8.18. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.8.18. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.8.19. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.8.20. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.8.21. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.1.8.22. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.8.23. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.8.24. Relative element concentrations by stage from DRUM impactor. 
	Table 3.1.8.25. Relative element concentrations by stage from DRUM Impactor. 

	Stage 1: 10 -15 µm 
	Stage 1: 10 -15 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 
	Stage 6: 0.34 -0.56 µm 
	Stage 7: 0.24-0.34 µm 
	Stage 8: < 0.24 µm 

	23-0ct-92 
	23-0ct-92 
	Abundance 
	Abundance 
	23-0ct-92 
	Abundance 
	Abundance 
	23-0ct-92 
	Abundance 
	Abundance 
	23-0ct-92 
	Abundance 
	Abundance 
	23-0ct-92 
	Abundance 
	Abundance 
	23-0ct-92 
	Abundance 
	Abundance 
	23-0ct-92 
	Abundance 
	Abundance 
	23-0ct-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	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 
	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) 
	( -) 
	( -) 
	(relative) 
	( . ) 
	( . ) 
	(relative) 
	( ) 
	-

	( -) 
	(relative) 
	( -) 
	( -) 
	(relative) 
	( -) 
	( -) 

	H 
	H 
	H 
	H 
	H 
	2,902.50 
	469.29 
	0.3272 
	H 
	11,019.60 
	1,320.29 
	0.2360 
	H 
	13,829.39 
	1,356.29 
	0.3048 
	H 
	21 ,696.69 
	2,088.14 
	0.2242 
	H 
	9,500.99 
	747.86 
	0.2400 

	Na 
	Na 
	Na 
	Na 
	Na 
	Na 
	Na 
	Na 
	Na 

	Mg 
	Mg 
	Mg 
	Mg 
	Mg 
	Mg 
	Mg 
	Mg 
	Mg 

	Al 
	Al 
	82,345.66 
	5,949.43 
	22.0359 
	1 
	Al 
	Al 
	Al 
	Al 
	85.34 
	62.14 
	0.0018 
	0.0010 
	Al 
	355.10 
	103.57 
	0.0078 
	0.0043 
	Al 
	979.34 
	148.00 
	0.0101 
	0.0119 
	Al 
	525.n 
	97.57 
	0.0133 
	0.0064 

	Si 
	Si 
	21,701.40 
	2,283.29 
	5.8073 
	~ 
	Si 
	10,588.29 
	558.29 
	1.8748 
	0.4879 
	Si 
	8,703.89 
	471.14 
	0.6353 
	0.4011 
	Si 
	194.00 
	37.43 
	0.0219 
	0.0089 
	Si 
	Si 
	Si 
	Si 

	s 
	s 
	s 
	s 
	s 
	s 
	s 
	s 
	s 

	Cl 
	Cl 
	1,975.47 
	158.57 
	0.5286 
	1 
	Cl 
	3,611.36 
	217.57 
	0.6395 
	1.8281 
	Cl 
	11,452.04 
	619.00 
	0.8359 
	5.7971 
	Cl 
	10,482.99 
	564.43 
	1.1818 
	5.306p 
	Cl 
	87,000.21 
	4,408.71 
	1.8636 
	44.0402 
	Cl 
	68,353.01 
	3,469.29 
	1.5067 
	34.6009 
	Cl 
	224,629.17 
	11,300.86 
	2.3211 
	113.7091 
	Cl 
	51,064.20 
	2,618.00 
	1.2900 
	25.8491 

	K 
	K 
	3,736.89 
	238.43 
	1.0000 
	K 
	5,647.56 
	361 .71 
	1.0000 
	1.5113 
	K 
	13,699.90 
	767.57 
	1.0000 
	3.6661 
	K 
	8,870.57 
	486.14 
	1.0000 
	2.3738 
	K 
	46,683.39 
	2,396.57 
	1.0000 
	12.4926 
	K 
	45,365.16 
	2,322.14 
	1.0000 
	12.1398 
	K 
	96,776.14 
	4,909.00 
	1.0000 
	25.8975 
	K 
	39,583.51 
	2,043.14 
	1.0000 
	10.5926 

	Ca 
	Ca 
	2,834.10 
	208.57 
	0.7584 
	1 
	Ca 
	3,077.33 
	309.29 
	0.5449 
	1.0858 
	ca 
	5,931.89 
	460.00 
	0.4330 
	2.0930 
	ca 
	ca 
	Ca 
	Ca 
	Ca 

	Ti 
	Ti 
	613.16 
	n .a6 
	0.1641 
	1 
	Ti 
	Ti 
	Ti 
	Ti 
	Ti 
	Ti 
	Ti 

	V 
	V 
	V 
	V 
	V 
	V 
	V 
	V 
	V 

	Cr 
	Cr 
	38.09 
	21.14 
	0.0102 
	1 
	Cr 
	Cr 
	Cr 
	59.94 
	17.00 
	0.0068 
	1.5739 
	Cr 
	Cr 
	143.01 
	33.29 
	0.0032 
	3.7551 
	Cr 
	Cr 

	Mn 
	Mn 
	131.16 
	27.57 
	0.0351 
	1 
	Mn 
	562.46 
	43.43 
	0.0996 
	4.2884 
	Mn 
	1,082.34 
	70.71 
	0.0790 
	8.2523 
	Mn 
	Mn 
	Mn 
	Mn 
	Mn 

	Fe 
	Fe 
	11,217.54 
	586.29 
	3.0018 
	1 
	Fe 
	1,021.03 
	71 .14 
	0.1808 
	0.0910 
	Fe 
	898.23 
	80.43 
	0.0656 
	0.0801 
	Fe 
	Fe 
	164.60 
	34.29 
	0.0035 
	0.0147 
	Fe 
	119.73 
	25.29 
	0.0026 
	0.0107 
	Fe 
	Fe 

	Ni 
	Ni 
	Ni 
	22.36 
	6.86 
	0.0040 
	Ni 
	Ni 
	Ni 
	Ni 
	Ni 
	39.84 
	14.00 
	0.0004 
	Ni 

	Cu 
	Cu 
	246.71 
	26.14 
	0.0660 
	1 
	Cu 
	Cu 
	Cu 
	Cu 
	55.13 
	16.86 
	0.0012 
	0.2235 
	Cu 
	Cu 
	92.49 
	22.86 
	0.0010 
	0.3749 
	Cu 
	150.31 
	26.29 
	0.0038 
	0.6093 

	Zn 
	Zn 
	339.83 
	58.57 
	0.0909 
	1 
	Zn 
	Zn 
	Zn 
	Zn 
	Zn 
	49.53 
	13.57 
	0.0011 
	0.1457 
	Zn 
	Zn 
	140.16 
	32.00 
	0.0035 
	0.4124 

	As 
	As 
	As 
	As 
	As 
	As 
	As 
	As 
	As 

	Se 
	Se 
	Se 
	Se 
	Se 
	Se 
	Se 
	Se 
	Se 

	Br 
	Br 
	Br 
	Br 
	Br 
	54.00 
	13.00 
	0.0061 
	Br 
	800.63 
	110.00 
	0.0172 
	Br 
	479.69 
	83.57 
	0.0106 
	Br 
	1,666.40 
	146.00 
	0.0172 
	Br 
	456.34 
	103.86 
	0.0115 

	Rb 
	Rb 
	Rb 
	Rb 
	Rb 
	Rb 
	Rb 
	Ab 
	Rb 

	Sr 
	Sr 
	Sr 
	Sr 
	Sr 
	Sr 
	Sr 
	Sr 
	Sr 

	Pb 
	Pb 
	Pb 
	Pb 
	Pb 
	Pb 
	Pb 
	n.63 
	26.43 
	0.0017 
	Pb 
	Pb 


	Table 3.1.8.26 
	Table 3.1.8.26 
	Table 3.1.8.26 

	voe Concentrations (ppbv) 
	voe Concentrations (ppbv) 

	Date 
	Date 
	23-0ct-92 
	23-0ct-92 

	Fuel 
	Fuel 
	Rice Straw 
	Rice Straw 

	Traverse 
	Traverse 
	Traverse 1 
	Traverse 2 

	Acetic acid 
	Acetic acid 

	Propanone (acetone) 
	Propanone (acetone) 

	Methyl ester acetic acid (methylacetate) 
	Methyl ester acetic acid (methylacetate) 

	Butane 
	Butane 

	Dimethyloxirane 
	Dimethyloxirane 

	Pentene 
	Pentene 

	Methylbutanone (isopropylmethyl ketone) 
	Methylbutanone (isopropylmethyl ketone) 

	Furancarboxaldehyde (furfural) 
	Furancarboxaldehyde (furfural) 

	Benzene 
	Benzene 
	85.6 
	84.6 

	Dimethylbutane 
	Dimethylbutane 
	57.3 
	40.5 

	Hexane 
	Hexane 

	Phenol 
	Phenol 
	81.6 
	80.6 

	Dimethytturan 
	Dimethytturan 
	104.7 
	111 

	2-methyl 2-cyclopentan-1-one 
	2-methyl 2-cyclopentan-1-one 

	2~hloro phenol 
	2~hloro phenol 

	Toluene 
	Toluene 
	110.8 
	98.8 

	Benzonitrile 
	Benzonitrile 

	Benzaldehyde 
	Benzaldehyde 

	Methylphenol (hydroxy toluene) 
	Methylphenol (hydroxy toluene) 

	Styrene 
	Styrene 
	76.7 
	71.3 

	Xylene 
	Xylene 
	27.1 
	10.4 

	T rimethylpentane 
	T rimethylpentane 

	Benzofuran 
	Benzofuran 

	Methoxymethylphenol (creosol) 
	Methoxymethylphenol (creosol) 

	Naphthalene 
	Naphthalene 
	12.5 
	17.3 

	C10H12 
	C10H12 

	Alpha-pinene 
	Alpha-pinene 

	Camphene 
	Camphene 

	&3-Carene 
	&3-Carene 

	Limonene 
	Limonene 

	No match r.t. (6.7) 
	No match r.t. (6.7) 

	No match r.t. (8.51) 
	No match r.t. (8.51) 

	No match r.t. (8. 71) 
	No match r.t. (8. 71) 

	No match r.t. (8. 73) 
	No match r.t. (8. 73) 

	No match r.t.(6.4) 
	No match r.t.(6.4) 
	119.6 
	87.7 

	No match r.t.(8.5) 
	No match r.t.(8.5) 



	Table 3.1.8.27 
	Table 3.1.8.27 
	Table 3.1.8.27 

	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 Oimethyloxirane P~ntene 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 ~3-Carene Limonene 
	23-0ct-92 Rice Straw Traverse 1 
	11.46 
	3.84 
	n 
	57 
	89 
	116 
	118 
	92 
	33 
	19 
	23-0ct-92 Rice Straw Traverse 2 
	13.15 3.65 
	63 33 
	73 
	102 
	87 
	71 
	11 
	21 
	Table 3.1.8.28. PAH emlselon factore, rice etraw, 23 October1992 (zero lnclcatff notdetected). 
	Table 3.1.8.28. PAH emlselon factore, rice etraw, 23 October1992 (zero lnclcatff notdetected). 
	Table 3.1.8.28. PAH emlselon factore, rice etraw, 23 October1992 (zero lnclcatff notdetected). 

	Travllf'N 1 
	Travllf'N 1 
	Traverse 2 
	Traverse 1 
	Traverse 2 
	lmpinger 
	Total 
	Total 
	Total 

	Filter 
	Filter 
	Filter 
	Trap 
	Sorbent 
	Sorbent 
	Rinsate 
	Traverse 1 
	Traverse 2 
	Average 

	pg,1(g dry fuel 
	pg,1(g dry fuel 

	Naphtha!
	Naphtha!
	-

	63 
	n 
	9 
	7,911 
	7,374 
	7 
	7,989 
	7,462 
	7,726 

	2-Methyt-naphthalene 
	2-Methyt-naphthalene 
	6 
	48 
	·1 
	1,925 
	2,140 
	11 
	1,941 
	2,195 
	2,068 

	Aoenaphthylene 
	Aoenaphthylene 
	2 
	2 
	0 
	2,565 
	2,700 
	1 
	2,568 
	2,703 
	2,636 

	Aoenaphthene 
	Aoenaphthene 
	0 
	0 
	0 
	180 
	197 
	0 
	180 
	197 
	189 

	Fluon,ne 
	Fluon,ne 
	-12 
	·2 
	·2 
	40 
	6 
	7 
	34 
	9 
	22 

	Phenanthrene 
	Phenanthrene 
	.93 
	.25 
	4 
	2,977 
	2,148 
	52 
	2,940 
	2,178 
	2,559 

	A~ 
	A~ 
	4 
	28 
	14 
	542 
	349 
	10 
	571 
	401 
	486 

	FluolW'lthene 
	FluolW'lthene 
	114 
	127 
	119 
	424 
	292 
	173 
	829 
	711 
	no 

	Pyn,ne 
	Pyn,ne 
	147 
	146 
	67 
	317 
	251 
	100 
	650 
	584 
	617 

	Benz(a]-anthraoene 
	Benz(a]-anthraoene 
	219 
	219 
	-3 
	120 
	100 
	12 
	347 
	327 
	337 

	Ctvysene 
	Ctvysene 
	254 
	309 
	13 
	93 
	98 
	22 
	383 
	443 
	413 

	Benzo(b)-lluonmthene 
	Benzo(b)-lluonmthene 
	273 
	162 
	20 
	17 
	11 
	0 
	310 
	192 
	251 

	Benzo[k]•lluoranthene 
	Benzo[k]•lluoranthene 
	319 
	65 
	23 
	17 
	14 
	0 
	360 
	103 
	231 

	Benzo{a]pynme 
	Benzo{a]pynme 
	152 
	231 
	0 
	23 
	13 
	0 
	175 
	244 
	209 

	Benzo(e)pyrene 
	Benzo(e)pyrene 
	155 
	340 
	0 
	16 
	11 
	0 
	171 
	352 
	261 

	Peryl
	Peryl
	-

	34 
	67 
	0 
	0 
	0 
	0 
	34 
	67 
	51 

	Benzo[g,i]-perylene 
	Benzo[g,i]-perylene 
	46 
	53 
	0 
	0 
	0 
	0 
	46 
	53 
	50 

	lndeno(1,2,3-cd]-pynme 
	lndeno(1,2,3-cd]-pynme 
	107 
	206 
	0 
	0 
	0 
	0 
	107 
	206 
	156 

	Oibenz(a,h)-anthraoene 
	Oibenz(a,h)-anthraoene 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	Total 
	Total 
	1,791 
	2,045 
	284 
	17,168 
	15,703 
	394 
	19,636 
	18,426 
	19,031 


	Figure 3.1.8.1. Ambient air conditions, 23 October 92. 
	Fuel Type: Rice Straw Test Date 23-0ct-92 Configuration: CRNF 
	Air Temperature (°C) 
	Air Temperature (°C) 
	Air Temperature (°C) 
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	Figure 3.1.8.2. Air temperature and relative humidity from CIMIS station. Fuel: Rice Straw Date of Test: 23-0ct-92 Configuration: CRNF 
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	Hourly Average CIMIS Data for Davis, California 
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	Figure 3.1.8.3. Wind speed from CIMIS station. Fuel: Rice Straw Date ofT est: 23-0ct-92 Configuration: CRNF 
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	Figure 3.1.8.4. Wind direction and solar radiation from CIMIS station. 
	Fuel: Rice Straw Date of Test: 23-0ct-92 Configuration: CRNF Hourly Average CIMIS Data for Davis, California 
	---o--Wind Direction (from N) --0--Solar Radiation (W/sq. m) 
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	Figure 3.1.8.5. Inlet air, stack gas, and impinger temperatures, 21 October 92. 
	Fuel Type: Rice Straw Test Date 23-0ct-92 Configuration: CRNF 
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	Figure 3.1.8.6. Conveyor speed and stack gas velocity, 23 October 92. 
	Fuel Type: Rice Straw Test Date 23-0ct-92 Configuration: CRNF 
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	Figure 3.1.8.7. Conveyor speed with 10 min moving average, 23 October 92. 
	Fuel Type: Rice Straw Test Date 23-0ct-92 Configuration: CRNF 
	Conveyor Speed (m/min) □ · Conveyor Speed-1 O pt. rolling average 
	1.6 1.4 1.2 
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	Figure 3.1.8.8. Conveyor travel, 23 October 92. 
	Fuel Type: Rice Straw Test Date 23-0ct-92 Configuration: CRNF 
	Conveyor Travel (m) 
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	Figure 3.1.8.9. CO concentration In stack gas, 23 October 92. 
	Fuel Type: Rice Straw Test Date 23-0ct-92 Configuration: CRNF 
	CO (ppmv) 
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	Figure 3.1.8.1 o. NO and NOx concentrations In stack gas, 23 October 92. 
	Fuel Type: Rice Straw Test Date 23-0ct-92 Configuration: CRNF 
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	S02 concentrations in stack gas, 23 October 92. 
	Figure 3.1.8.11. 

	Fuel Type: Rice Straw Test Date 23-0ct-92 Configuration: CRNF 
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	Figure . Total sulfur concentration in stack gas, 23 October 92. 
	3.1.8.12

	Fuel Type: Rice Straw Test Date 23-0ct-92 Configuration: CRNF 
	Total S (ppmv) 
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	THC concentration in stack gas, 23 October 92. 
	Figure 3.1.8.13. 

	Fuel Type: Rice Straw Test Date 23-0ct-92 Configuration: CRNF 
	THC (ppm) 
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	Particle size distribution, traverse 1, 23 October 92. 
	Figure 3.1.8.14. 

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

	Stage 
	Stage 
	ECO (µm) 

	1 
	1 
	13.88 

	2 
	2 
	7.78 

	3 
	3 
	4.15 

	4 
	4 
	2.19 

	5 
	5 
	1.26 

	6 
	6 
	0.74 

	7 
	7 
	0.39 

	filter 
	filter 
	0.00 


	Weight (mg) 0.22 0.21 
	0.2 
	0.26 0.46 1.04 1.16 5.94 
	Date of Test: Configuration: 
	Cum. Wt (mg) 9.49 9.27 9.06 8.86 
	8.6 
	8.14 
	7.1 5.94 
	23-0ct-92 CANF 
	Cum. Fraction 1.000 0.977 0.955 0.934 0.906 0.858 0.748 0.626 
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	Particle size distribution, traverse 2, 23 October 92. 
	Figure 3.1.8.15. 

	Fuel: Rice Straw 
	Particle Size Distribution Traverse 2: 
	Stage ECD (µm) 1 13.92 2 7.80 3 4.16 4 2.20 5 1.27 6 0.74 7 0.39 
	filter 0.00 
	Weight (mg) 0.28 0.30 0.27 0.32 0.51 1.07 1.35 6.63 
	Date of Test: Configuration: 
	Cum. Wt (mg) · 10.73 10.45 10.15 9.88 9.56 9.05 7.98 6.63 
	23-0ct-92 CRNF 
	Cum. Fraction 1.000 0.974 0.946 0.921 0.891 0.843 0.744 0.618 
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	Figure 3.1.8.16. Nitrogen balance. 
	Figure 3.1.8.16. Nitrogen balance. 
	Figure 3.1.8.16. Nitrogen balance. 

	Date of Test: 
	Date of Test: 
	23-0ct-92 

	Fuel 
	Fuel 
	Rice Straw 


	Nitrogen 
	ND 68% 
	Ash 16% 
	NOx
	PM 
	120/4
	4% 
	Figure . SuHur balance. Date of Test: 23-0ct-92 Fuel Rice Straw 
	3.1.8.17

	SuHur 
	PM 5% 
	ND 

	S02 30% 
	Ash 44% 
	--0-Si 
	Relative abundance for major elements from DRUM impactor, Rice Straw, 23-0ct-92, · (CRNF). 
	Figure 3.1.8.18. 
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	Figure
	Table 3.2.1.1 
	Table 3.2.1.1 
	Table 3.2.1.1 

	Fuel and Ash Analyses 
	Fuel and Ash Analyses 

	Run Date Fuel Type Sample Type 
	Run Date Fuel Type Sample Type 
	11-Aug-92 Wheat Straw Fuel 
	11-Aug-92 Wheat Straw Ash 

	Ultimate Analysis (% dry weight) C H N 
	Ultimate Analysis (% dry weight) C H N 
	44.71 5.73 0.46 
	18.85 1.25 0.36 

	Elemental Analysis (% by weight dry basis) N p K Ca Mg Na Cl . (mg/kg dry weight) s B Zn Mn Fe Cu Si 
	Elemental Analysis (% by weight dry basis) N p K Ca Mg Na Cl . (mg/kg dry weight) s B Zn Mn Fe Cu Si 
	0.59 0.04 1.90 0.16 0.12 0.05 0.30 1,800 5 12 20 285 4 
	0.47 0.20 13.04 0.97 0.62 0.36 1.04 6,800 21 84 152 467 15 

	Total (% dry weight) 
	Total (% dry weight) 
	53.81 
	37.55 

	Proximate Analysis (% dry weight) Ash Volatiles Fixed Carbon 
	Proximate Analysis (% dry weight) Ash Volatiles Fixed Carbon 
	9.25 76.97 13.78 
	74.92 18.22 6.86· 

	Hi£!her Heatin~ Value 
	Hi£!her Heatin~ Value 


	(MJ/kg dry weight) 17.1408 7.2160 
	Table 3.2.1.2. Operating conditions and concentrations, 11 August 92. 
	Fuel: Fuel Loading Rate (gtsq.m w.b.): Total Fuel Consumption (kg w.b.) Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	Fuel: Fuel Loading Rate (gtsq.m w.b.): Total Fuel Consumption (kg w.b.) Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	Fuel: Fuel Loading Rate (gtsq.m w.b.): Total Fuel Consumption (kg w.b.) Total Ash Recovered (kg w.b.) Ash Fraction (w.b.) 
	Wheat Straw 392 20.7 2.9 0.14 
	Date of Test: Configuration: 
	11-Aug-92 CRNF 

	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) 
	THC (ppmv as CH4) 
	HC (ppmv as CH4 by GC) 
	CH4 (ppmv by GC) 
	NMHC (ppmv as CH4) 
	NMHC (ppmv as CH4 by GC) 
	CO2 (ppmv by GC) 
	Total S (ppmv as SO2) 
	PM (mgtcu.m) PM1 O(mgtcu.m) PM2.5 (mgtcu.m) 
	21.17 71 .39 26.05 3426 13.10 
	0.33 2.03 
	38.61 0.88 1.17 0.18 4.87 3.24 0.33 4.55 2.91 666 0.23 
	4.20 4.11 
	3.86 
	27.14 49.89 32.32 42.54 20.69 
	0.42 2.15 
	20.00 1.31 1.68 0.29 2.80 1.84 0.98 1.83 0.87 
	764 0.35 
	4.22 
	4.14 3.95 
	Table 3.2.1.3. Mass balance, wheat straw, 11 August 92. 
	Table 3.2.1.3. Mass balance, wheat straw, 11 August 92. 
	Table 3.2.1.3. Mass balance, wheat straw, 11 August 92. 

	Fuel: 
	Fuel: 
	Wheat Straw 
	Date of Test: 
	11-Aug-92 

	TR
	Configuration: 
	CRNF 

	Mass Balance 
	Mass Balance 


	Traverse 1 Traverse 2 
	Total Conveyor Travel (m) Fuel Moisture Content(% w.b.) Fuel Loading Rate (g/sq.m d.b.) Total Fuel Consumption {g w.b.) Total Fuel Consumption (g d.b.) Residual Ash (g w.b.) Fuel Vaporized (g w.b.) Fuel Consumption Rate (g/s w.b.) Fuel Consumption Rate (g/s d.b.) Ash Generation Rate (.g/s w.b.) Fuel Vaporization Rate (g/s w.b.) 
	Stack Gas Density (kg/cu.m) 
	. Stack Gas Flow Rate (cu.mis) Stack Gas Mass Flow Rate (kg/s) Inlet Air Mass Flow Rate (kg/s) Overall Air-Fuel Ratio (w.b.) Overall Air-Fuel Ratio (d.b.) 
	15.62 7.4 363 7,457 6,905 1,052 6,405 2.59 2.40 0.37 2.22 
	1.1497 3.02 3.47 3.47 1339.74 1446.80 
	20.05 7.3 
	363 9,571 8,872 1,350 8,221 
	3.32 3.08 0.47 2.85 
	1.1195 3.20 3.58 3.58 1076.23 1160.99 
	Table 3.2.1.4. Emission factors, wheat straw, 11 August 92. 
	Table 3.2.1.4. Emission factors, wheat straw, 11 August 92. 
	Table 3.2.1.4. Emission factors, wheat straw, 11 August 92. 

	Fuel: 
	Fuel: 
	Wheat Straw 
	Date of Test: 
	11-Aug-92 

	TR
	Configuration: 
	CRNF 

	Emission Factors {% of fueld!1 weight} 
	Emission Factors {% of fueld!1 weight} 

	Integrated Basis 
	Integrated Basis 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Average 


	5.378 2.244 3.811 NO 0.131 0.158 0.144 NOx (as NO2} 0.267 0.310 0.289 SO2 0.057 0.075 0.066 THC (as CH4} 0.387 0.178 0.282 HC (as CH4 by GC} 0.259 0.118 0.188 CH4 (by GC) 0.026 0.063 0.044 NMHC (as CH4) 0.361 0.115 0.238 NMHC (as CH4 by GC) 0.233 0.056 0.144 CO2 (by GC) 146.181 134.747 140.464 Total S (as SO2) 0.074 0.090 0.082 SO2/Total S o.n 0.83 0.80 
	co 

	PM 0.492 0.408 0.450 · PM10 0.482 0.400 0.441 PM2.5 0.453 0.382 0.417 
	MMAD (µm) 0.143 0.106 0.125 a 4.543 4.074 
	Table 3.2.1.5. Emission factors, wheat straw, 11 August 92. 
	Table 3.2.1.5. Emission factors, wheat straw, 11 August 92. 
	Table 3.2.1.5. Emission factors, wheat straw, 11 August 92. 

	Fuel: 
	Fuel: 
	Wheat Straw 
	Date of Test: 
	11-Aug-92 

	TR
	Configuration: 
	CRNF 

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

	Average Basis 
	Average Basis 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Average 


	co 
	NO NOx (as NO2) SO2 THC (as CH4) HC (as CH4 by GC) CH4 (by GC) NMHC (as CH4) NMHC (as CH4 by GC) CO2 (by GC) Total S (as SO2) SO2/Total S 
	PM PM10 PM2.5 
	MMAD (µm) 
	O' 
	5.397 0.131 0.269 0.058 0.389 0.259 0.026 0.363 0.233 
	146.181 0.075 o.n 
	0.492 0.482 0.453 
	0.143 4.543 
	2.244 0.157 
	0.309 
	0.075 0.180 0.118 0.063 0.117 0.056 134.747 0.090 0.83 
	0.408 0.400 0.382 
	0.106 4.074 
	3.820 0.144 0.289 0.066 0.285 0.188 0.044 0.240 0.144 140.464 0.082 0.81 
	0.450 0.441 0.417 
	0.125 
	Table 3.2.1,6, Carbon balance. 
	Date of Test: 11-Aug-92 11-Aug-92 Fuel Wheat Straw Wheat Straw Traverse 1 Traverse 2 
	Carbon Balance 
	Dry Fuel Consul'1l)tion 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 (mg/cubic meter) PM Carbon Concentration(%) PM Carbon (ml)'cubic meter) Stack Gas Tel1l)8rature (°C) lmpinger Tel1l)8rature (°C) PM molar c
	Emission Factors (% Average Basis): CO2 
	co 
	THC (as CH4) PM Emission Factors (% Integrated Basis): CO2 
	co 
	THC (as CH4) 
	PM 
	Closure (% Average Basis) Closure {% Integrated Basis} 
	2.40 0.37 15.42 44.71 18.85 1.00 15328 1.15 666 
	38.61 4.87 4.20 41 .56 1.75 3426 13.10 3.42 1.99 
	146.181 5.397 0.389 0.492 
	146.181 5.378 0.387 0.492 
	102 102 
	102 102 
	3.08 

	0.47 15.26 44.71 18.85 
	1.29 153.39 1.12 764 20.00 2.80 4.22 41.56 1.75 
	42.54 
	20.69 3.52 2.37 
	134.747 2.244 0.180 0.408 
	134.747 2.244 0.178 0.408 
	91 90 
	Table 3.2.1.7. 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 (%) Fuel Nitrogen (mg.ls) 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 Nitro
	11-Aug-92 11-Aug-92 
	Wheat Straw Wheat Straw Traverse 1 Traverse 2 
	0.59 0.59 0.20 0.20 
	0269 0.309 0.492 0.408 
	0.267 0.310 
	0.305 0.305 4.797 4.797 3.800 3.800 14.16 18.17 0.74 0.94 1.96 2.90 1.95 2.91 0.45 0.48 2.41 3.37 2.40 3.38 0.170 0.186 0.169 0.186 0.052 0.052 0223 0.237 0222 0.238 
	Table 3.2.1.8. SuHur balance. 
	Table 3.2.1.8. SuHur balance. 
	Table 3.2.1.8. SuHur balance. 

	Date of Test: 
	Date of Test: 
	11-Aug-92 
	11-Aug-92 

	Fuel 
	Fuel 
	Wheat Straw 
	Wheat Straw 

	TR
	Traverse 1 
	Traverse 2 

	Sulfur Balance 
	Sulfur Balance 

	Fuel Sulfur Concentration (~kg dry weight) 
	Fuel Sulfur Concentration (~kg dry weight) 
	1,800 
	1,800 

	Ash Sulfur Concentration (mg./kg weight) 
	Ash Sulfur Concentration (mg./kg weight) 
	6,800 
	6,800 

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

	SO2 
	SO2 
	0.058 
	0.075 

	PM 
	PM 
	0.492 
	0.408 

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

	SO2 
	SO2 
	0.057 
	0.075 

	Sulfur Concentration of PM (% weight) 
	Sulfur Concentration of PM (% weight) 
	2.407 
	2.407 

	Fuel Sulfur (mg/s) 
	Fuel Sulfur (mg/s) 
	4.32 
	5.54 

	Ash Sulfur (mg/s} 
	Ash Sulfur (mg/s} 
	2.52 
	3.20 

	Sulfur as SO2 (mg/s Average Basis) 
	Sulfur as SO2 (mg/s Average Basis) 
	0.70 
	1.16 

	Sulfur as SO2 (mg/s Integrated Basis) 
	Sulfur as SO2 (mg/s Integrated Basis) 
	0.68 
	1.16 

	Sulfur as PM (m9's Average Basis) 
	Sulfur as PM (m9's Average Basis) 
	0.28 
	0.30 

	Sulfur as S02+PM (m9's Average Basis) 
	Sulfur as S02+PM (m9's Average Basis) 
	0.98 
	1.46 

	Sulfur as SO2+PM (m9's Integrated Basis) 
	Sulfur as SO2+PM (m9's Integrated Basis) 
	0.97 
	1.46 

	SO2+PM Sulfur/Fuel Sulfur (Average Basis) 
	SO2+PM Sulfur/Fuel Sulfur (Average Basis) 
	0.227 
	0.263 

	SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
	SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
	0.224 
	0.263 

	Ash Sulfur/Fuel Sulfur 
	Ash Sulfur/Fuel Sulfur 
	0.582 
	0.576 

	Closure (% Average Basis) 
	Closure (% Average Basis) 
	81 
	84 

	Closure{% Integrated Basis} 
	Closure{% Integrated Basis} 
	81 
	84 


	Table 3.2.1.9. Water balance. 
	Estimated Stack Humidity 
	Fuel 
	Fuel 
	Fuel 
	Wheat Straw 

	Configuration 
	Configuration 
	CRNF 

	Date of Test 
	Date of Test 
	11-Aug-92 

	TR
	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: 
	21 27 71 50 294 300 2,514 3,597 1,795 1,794 
	15.8 15.8 0.0177 0.0177 0.0110 0.0110 2.59 3.32 7.4 7.3 0.14 0.14 5.73 5.73 1.25 1.25 0.19 0.24 1.20 1.53 1.39 1.78 3,470 3,580 38 39 40 41 3,472 3,583 0.0114 0.0115 0.0183 0.0185 1,859 1,874 34 43 307 316 5,402 8,444 
	34 22 
	16.4 16.5 13.1 20.7 548 521 7.7 7.2 
	Estimated Measured 
	Total lmpinger/Desiccant Weight Gain (g) 14.9 13.7 Estimated/Measured Weight Gain 1.09 
	Table 3.2.1.10, Power balance. 
	Table 3.2.1.10, Power balance. 
	Table 3.2.1.10, Power balance. 

	Date of Test: 
	Date of Test: 
	11-Aug-92 
	11-Aug-92 

	Fuel 
	Fuel 
	Wheat Straw 
	Wheat 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 Incomplete Combustion (kW) 
	co 
	THC (as CH4) 
	PM 
	Heat Release Rate (kW} Fireline Intensity (kW/m) Stack Gas Flow (kg/s) Stack Gas Te"1)erature (°C) Inlet Temperature (°C) Sensible Power at Top of Stack (kW) Tunnel Dissipation (kW} 
	17.1408 7.2160 38.5 
	1.3 0.5 0.2 36.5 29.9 3.47 34.26 26.05 28.7 7.8 
	17.1408 7.2160 49.4 
	0.7 0.3 0.2 48.2 39.6 3.58 42.54 
	32.32 
	36.8 
	11.4 
	Table . Ma•• concentrations (%) from ORI filter aampl•• 
	3.2.1.11

	Date 
	Fuel 
	Size Fraction 
	Teflon Filter 10 
	Quanz Filer ID 
	T ellon Field Sa"1)kl Flag 
	Quartz field sample field 
	Teflon mass sample flag 
	au.tz mass •~•flag 
	Allione sample 11ag Ammonium analysis flag Sodium Ion analysisflag Magnesium Ion enalysis flag POlasSium ion analysis flag Carbon analysis flag 
	XRF analysis flag 
	Teflon•~• volume (m"3) Quartz sample volume (m"3) Teflon mass conoentralion (llg/m"3) 
	c~ 
	NQ3. 
	504
	-

	NH4+ 
	Na+ 
	K+ 
	C(org) C(oht) C(e) C(eh1) 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 of meaawed IP8Cies 
	11•Aug-92 Wheal S1raw CRNF 
	PM2.5 
	ABTT022 ABTCl022 
	0.30 0.30 3,080 
	Concentration ~ 
	28.8338 0.2857 6.3011 
	4.9388 
	OMT7 21.6000 25.4715 24.8025 
	14.3398 
	0.62n 39.8113 0.2107 0.1487 0.0413 2.1675 21.8205 
	18.9545 
	0.0368 0.0017 0.0028 0.0011 0,0023 0.0113 0.0008 0.0005 0.0022 0.0128 0.0000 0.0000 0.0000 
	0.0896 
	0.0090 0.0000 
	0.0008 0.0000 
	0.0010 0.0000 0.0190 0.0000 0.0000 0.0006 0.0000 
	0.0000 
	0.0000 0.0000 0.0051 0.0000 0.0000 0.0002 88.9143 
	:tUncer1ai~ 
	0.02 
	0.02 
	162 
	:tUncenai~ 2.4262 0.0793 0.4784 0.3733 0.043&1 1.6629 2.7293 4.0219 1.3831 0.4054 
	0.0447 0.0730 0.2428 0.1911 1.5893 1.3788 0.2728 0.0729 0.0317 0.0069 0.0048 0.0127 0.0029 0.0032 0.0034 0.0026 0.0059 
	0.0068 
	0.0037 0.0071 0.0025 0.0034 0.0043 0.0052 0.0088 0.0323 0.0373 0.0394 0.0440 0.0560 0.0636 0.2195 0.2931 0.0097 0.0082 0.oon 0.0101 0.0080 3.7773 
	11-Aug-92 
	Wheat Straw CRNF 
	PM10 
	ABTT023 
	ABTT023 
	ABTT023 

	ABTQ023 
	ABTQ023 

	±Uncertain!): 
	±Uncertain!): 

	0.30 
	0.30 
	0.02 

	0.30 
	0.30 
	0 .02 

	3,150 
	3,150 
	166 

	Concentralion (%) 
	Concentralion (%) 
	±Uncertain!): 
	PM2.5/PM10 

	28.1295 
	28.1295 
	2.3649 
	1.03 

	0.3048 
	0.3048 
	0.0780 
	0.94 

	6.3579 
	6.3579 
	0.7041 
	0.99 

	4.7970 
	4.7970 
	0.3622 
	1.03 

	0.3882 
	0.3882 
	0.0465 
	0.87 

	21.6857 
	21.6857 
	1.&en 
	1.00 

	26.3975 
	26.3975 
	2.8030 
	0.96 

	25.8280 
	25.8280 
	4.1688 
	0.96 

	15.1640 
	15.1640 
	1.4622 
	0.95 

	0.9735 
	0.9735 
	0.6116 
	0.64 

	41.5615 
	41.5615 
	0.96 

	0.2354 
	0.2354 
	o.04n 
	0.90 

	0.4138 
	0.4138 
	0.0802 
	0.36 

	0.0590 
	0.0590 
	0.2663 
	0.70 

	2.4070 
	2.4070 
	0.2111 
	0.90 

	23.9494 
	23.9494 
	1.7420 
	0.91 

	21.2007 
	21.2007 
	1.5402 
	0.89 

	0.0791 
	0.0791 
	0,3047 
	0.47 

	0.0056 
	0.0056 
	0.0671 
	0.30 

	0.0042 
	0.0042 
	0.0292 
	0.67 

	0.0023 
	0.0023 
	0.0065 
	0.48 

	0 .0045 
	0 .0045 
	0.0032 
	0.51 

	0.0786 
	0.0786 
	0.0137 
	0.14 

	0.0007 
	0.0007 
	0.0031 
	1.14 

	0.0013 
	0.0013 
	0.0030 
	0.38 

	0.0015 
	0.0015 
	0.0031 
	1.47 

	0.0139 
	0.0139 
	0.0025 
	0.92 

	0.0000 
	0.0000 
	0.0054 

	0.0000 
	0.0000 
	0.0063 

	0.0008 
	0.0008 
	0.0035 
	0.00 

	0.1018 
	0.1018 
	0.0079 
	o.ea 

	0.0082 
	0.0082 
	0.0025 
	1.10 

	0.0021 
	0.0021 
	0.0032 
	0.00 

	0.0010 
	0.0010 
	0.0039 
	0.80 

	0.0002 
	0.0002 
	0.0047 
	0.00 

	0.0026 
	0.0026 
	0.0080 
	0.38 

	0.0000 
	0.0000 
	0.0309 

	0.0175 
	0.0175 
	0.0355 
	1.09 

	0.0167 
	0.0167 
	0.0378 
	0.00 

	0.0000 
	0.0000 
	0.0418 

	0.0000 
	0.0000 
	0.0527 

	0.0112 
	0.0112 
	0.0603 
	0.00 

	0.0371 
	0.0371 
	0.2045 
	0.00 

	0 .0000 
	0 .0000 
	0.2757 

	0.0038 
	0.0038 
	0.0091 
	0.00 

	0.0016 
	0.0016 
	0.0074 
	3.19 

	0.0000 
	0.0000 
	0.0070 

	0.0024 
	0.0024 
	0.0093 
	0.00 

	0.0003 
	0.0003 
	0.0074 
	0.67 

	95.7159 
	95.7159 
	3.9868 
	0.93 


	Table . Element ratios from ORI filter eampl••· 
	3.2.1.12

	Dale 
	Dale 
	Dale 
	11-A~92 

	Fuel 
	Fuel 
	Whul Slraw 

	Conflgtnlion 
	Conflgtnlion 
	CRNF 

	Size Fraction 
	Size Fraction 
	PM2.5 

	Teflon Flier 10 
	Teflon Flier 10 
	ABTT022 

	Quartz Filer ID 
	Quartz Filer ID 
	ASTQ022 

	CI-/CI 
	CI-/CI 
	1.32 

	K+A< 
	K+A< 
	1.14 

	Sullate SITotal S 
	Sullate SITotal S 
	0.97 

	C(org),(: 
	C(org),(: 
	0.64 

	c~ 
	c~ 
	1.1S 

	CI-/K+ 
	CI-/K+ 
	1.33 

	CI-/Na+ 
	CI-/Na+ 
	85.38 

	SIi( 
	SIi( 
	0.11 

	S/Na+ 
	S/Na+ 
	6.42 

	Al/SI 
	Al/SI 
	1.42 


	11-A~92 
	Wheal Straw CRNF 
	PM10 PM2.SIPM10 
	ABTT023 
	AST0023 
	1.17 1.02 0.88 0.64 1.13 1.30 72.46 0.11 6.20 0.57 
	1.13 
	,., , 
	1.10 1.01 1.02 1.03 
	1.18 
	1.01 1.04 2.49 
	Table . Emission factors (mg/kg) from ORI filter sample ■ . 
	3.2.1.13

	Date 11-Aug-92 Fuel Wheat Straw CRNF 
	Size Fradion PM2.5 
	Teflon Filter ID ABTT022 
	Ouartz Finer 10 ABTQ022 
	Star! Time 8:11 
	Step Time 8:41 
	Stan Time 
	End Time 
	Elapsed Time (minutes) 30 
	PM (mg.'m'-3 by total lifter) 
	PM10 (by total lllerli~ador) 
	PM2.5 (by total filterli~ador) 
	PM emission lac:tor (%) 
	PM1 O emission factor (%) 
	PM2.5 emission factor (%) 
	:1:Uncertai~ 
	:1:Uncertai~ 

	Teflon sa~la volume (111"3) 0.30 0.02 Quartz sample volume (111"3) 0.30 0.02 Teflon mass conc:entralion (111Wm"3) 3.080 0.162 Teflon mass/Total mass 0.798 
	Cl-1469.0226 109.9069 N03-14.5558 3.5923 SQ4; 321.0280 21.671S NH4+ 251.6217 16.9105 Na+ 17.2051 1.9887 K+ 1100.4754 7S.3294 C(org) 1297.7203 123.6373 C(oht) 1263.6362 182.1921 C(e) 730.5832 62.11644 C(eht) 31.11800 18.3646 C 2028.3035 0.0000 Al 10.7347 2.0249 Si 7.5760 3.3069 
	Emission !rnwkc! :1:Uncertai~ 

	p 
	2.1041 10.9988 s 110.4296 8.6568 Cl 1111.7094 71.99S3 K 965.6926 62.4596 Ca 1.8749 12.3578 Tl 0.0866 3.3024 V 0.1427 1.4360 Cr 0.0560 0.3126 Mn 0.1172 02174 Fe 0.5757 0.57S3 Co 0.0408 0.1314 Ni 0.0255 0.1450 Cu 0.1121 0.1540 Zn 0.6521 0.1178 Ga 0.0000 0.2673 M 0.0000 0.3080 Se 0.0000 0.1676 Br 4.5649 0.3216 Rb 0.4585 0.1133 Sr 0.0000 0.1540 y 0.0408 0.1948 Zr 0.0000 0.2356 Mo 0.0509 0.3986 Pd 0.0000 1.4632 Ag 0.9680 1.6897 Cd 0.0000 1.7848 In 0.0000 1.9932 Sn 0.0306 2.5368 Sb 0.0000 2.8811 Ba 0.0000 9.9434 
	u 

	11·A!J11-92 Wheat Straw CRNF 
	PM10 
	ABTT023 ABTQ023 
	Traverse 1 4.200 4.110 3.860 0.492 0.482 0.453 
	:!:Uncertain~ 
	0.30 0.02 
	0.30 0.02 
	3.150 0.166 0.766 
	Emission 1~9l :!:Uncertain~ PM2.SIPM10 
	1416.5273 15.3489 320.1671 
	241.5&43 
	19.5487 1092.0346 1329.3084 1300.6299 763.6190 49.0229 2092.9274 11.8541 20.8379 2.9711 1212102 1206.0285 1067.6113 3.111133 02820 0211S 0.1158 0.2266 3.9581 0.0353 0.0655 0.0755 0.7000 0.0000 0.0000 0.0403 5.1264 0.4129 0.1058 0.0504 0.0101 0.1309 0.0000 0.8813 0.8410 0.0000 0.0000 0.5640 1.8683 0.0000 0.191-4 0.080tl 0.0000 0.1209 0.0151 
	4.820 
	113.9882 1.04 3.7596 0.95 33.9376 1.00 
	17.4580 1.04 
	22413 0.88 80.3831 1.01 135.1046 0.98 200.9362 0.97 70.4780 0.96 29.4791 0.6S 0.0000 0.97 22991 0.91 3.8656 0.36 12.8357 0.71 10.1750 0.91 83.9644 0.92 742376 0.90 14.6865 0.47 
	3.2342 0.31 1.4074 0.67 0.3133 0.48 0.1542 0.52 0.6603 0.1S 0.1494 1.16 0.1446 0.39 0.1494 1.48 0.1205 0.93 0.2603 0.3037 0.1687 0.00 0.3808 0.89 0.1205 1.11 0.1542 0.00 0.1880 0.81 0.2265 0.00 0.3856 0.39 1.4894 1.7111 1.10 t.8220 0.00 2.0148 2.5401 2.9065 0.00 9.8569 0.00 
	132887 0.4386 0.00 0.3567 322 0.3374 0.4483 0.00 0.3567 0.67 
	181 0.94 
	Table . Element concentrations (ng/m"3) from CNL filter samples. 
	3.2.1.14

	Fuel: Date: Time: Filter ID: 
	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 
	Wheat 11-Aug-92 9:20 AG-31 
	Concentration 
	ng/m"3 35,230 24,920 20,120 23,520 12,240 
	32,590 402,810 476,960 
	1,060 
	5,930 
	1,030 
	2,130 
	±Uncertain!}'. 
	7,800 15,800 5,100 8,300 4,400 
	2,700 21,000 24,500 
	400 
	500 
	200 
	300 
	Element emission factors (mg/kg) from CNL filter samples. 
	Table 3.2.1.15. 

	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 
	Wheat 11-Aug-92 9:20 AG-31 
	Emission factor 
	(mg/kg) 
	34.8 
	24.6 
	19.9 
	23.2 12.1 
	32.2 
	398.1 
	471.4 
	1.0 
	5.9 
	1.0 
	2.1 
	3.08 3.20 
	42.54 27.14 
	±Uncertainty (mg/kg) 
	7.7 15.6 5.0 
	8.2 
	4.3 
	2.7 
	20.8 
	24.2 
	0.4 
	0.5 
	0.2 
	0.3 
	Table 3.2.1.16. Relative element concentrations by stage from DRUM impactor. 
	Table 3.2.1.16. Relative element concentrations by stage from DRUM impactor. 
	Table 3.2.1.16. Relative element concentrations by stage from DRUM impactor. 
	Table 3.2.1.17. Relative element concentrations by stage from DRUM impactor. 
	Table 3.2.1.18. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.2.1.19. Relative element concentrations by stage from DRUM impactor. 
	Table 3.2.1.20. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.2.1.21. Relative element concentrations by stage from DRUM Impactor. 

	Stage 1: 10 -15 µm 
	Stage 1: 10 -15 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 
	Stage 6: 0.34 -0.56 µm 

	TR
	11-Aug-92 
	Abundance 
	Abundance 
	11-Aug-92 
	Abundance 
	Abundanc~ 
	11-Aug-92 
	Abundance 
	Abundance 
	11-Aug-92 
	Abundance 
	Abundance 
	11-Aug-92 
	Abundance 
	Abundance 
	11-Aug-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 
	Relative to 
	Relative to 
	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 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 

	TR
	(relative) 
	{ -) 
	( ) 
	-

	(relative) 
	( ) 
	-

	( . ) 
	(relative) 
	( . ) 
	(·) 
	(relative) 
	( -) 
	( -) 
	(relative) 
	( -) 
	( -.) 
	(relative~ 
	( ) 
	-

	( ) 
	-


	H 
	H 
	H 
	H 
	H 
	407.02 
	64.7 
	2.1622 
	H 
	H 
	1,134.55 
	143.87 
	0.1270 

	Na 
	Na 
	Na 
	Na 
	Na 
	Na 
	Na 

	·Mg 
	·Mg 
	Mg 
	Mg 
	Mg 
	Mg 
	Mg 

	Al 
	Al 
	Al 
	Al 
	Al 
	Al 
	Al 
	124.13 
	36.39 
	0.0139 

	Si 
	Si 
	2,256.25 
	157.17 
	7.6723 
	1 
	Si 
	827.27 
	75.39 
	3.3432 
	0.3667 
	Si 
	366.23 
	51.52 
	0.1628 
	Si 
	Si 
	227.99 
	57.39 
	0.6913 
	0.1010 
	Si 

	s 
	s 
	222.44 
	33.52 
	0.7564 
	1 
	s 
	143.92 
	35.87 
	0.5816 
	0.6470 
	s 
	137.32 
	35.48 
	0.6173 
	s 
	89.39 
	27.78 
	0.4748 
	0.4018 
	s 
	s 

	Cl 
	Cl 
	Cl 
	Cl 
	65.88 
	22.04 
	Cl 
	154.42 
	32.35 
	0.8203 
	Cl 
	339.55 
	70.83 
	1.0295 
	Cl 
	6,543.n 
	365.09 
	0.7322 

	K 
	K 
	294.08 
	41.35 
	1.0000 
	1 
	K 
	247.45 
	38.61 
	1.0000 
	0.8414 
	K 
	K 
	188.24 
	44.09 
	1.0000 
	0.6401 
	K 
	329.82 
	40.83 
	1.0000 
	1.1215 
	K 
	8,936.71 
	483.65 
	1.0000 
	30.3889 

	ca 
	ca 
	ca 
	199.21 
	39.39 
	0.8051 
	Ca 
	Ca 
	73.25 
	24.52 
	0.3891 
	Ca 
	Ca 

	Ti 
	Ti 
	48.14 
	15.39 
	0.1637 
	1 
	Ti 
	0.0000 
	Ti 
	135.38 
	37.17 
	2.8120 
	Ti 
	Ti 
	Ti 

	V 
	V 
	64.45 
	19.04 
	0.2192 
	1 
	V 
	0.0000 
	V 
	52.27 
	19.04 
	0.8110 
	V 
	144.50 
	27.91 
	0.7676 
	2.2421 
	V 
	75.72 
	18.13 
	0.2296 
	1.1749 
	V 

	Cr 
	Cr 
	Cr 
	38.87 
	15.13 
	0.1571 
	Cr 
	51.68 
	12.26 
	Cr 
	49.34 
	15.91 
	0.2621 
	Cr 
	Cr 

	Mn 
	Mn 
	Mn 
	55.07 
	13.04 
	0.2226 
	Mn 
	43.19 
	11.09 
	Mn 
	87.27 
	21.65 
	0.4636 
	Mn 
	37.60 
	9.52 
	0.1140 
	Mn 
	50.86 
	12.39 
	0.0057 

	Fe 
	Fe 
	Fe 
	215.53 
	24.26 
	0.8710 
	Fe 
	419.40 
	39.26 
	Fe 
	100.79 
	24.91 
	0.5354 
	Fe 
	101.80 
	26.09 
	0.3087 
	Fe 

	Ni 
	Ni 
	Ni 
	Ni 
	Ni 
	Ni 
	Ni 

	Cu 
	Cu 
	Cu 
	Cu 
	Cu 
	Cu 
	Cu 

	Zn 
	Zn 
	Zn 
	Zn 
	Zn 
	Zn 
	Zn 

	As 
	As 
	As 
	As 
	As 
	As 
	As 

	Se 
	Se 
	Se 
	Se 
	Se 
	Se 
	Se 

	Br 
	Br 
	Br 
	Br 
	Br 
	Br 
	Br 

	Rb 
	Rb 
	Rb 
	Rb 
	Rb 
	Ab 
	Rb 

	Sr 
	Sr 
	Sr 
	Sr 
	Sr 
	Sr 
	Sr 

	Pb 
	Pb 
	Pb 
	Pb 
	Pb 
	Pb 
	Pb 
	104.53 
	30.00 
	0.0117 


	Table 3.2.1.22. Relative element concentrations by stage from DRUM impactor. 
	Table 3.2.1.22. Relative element concentrations by stage from DRUM impactor. 
	Table 3.2.1.22. Relative element concentrations by stage from DRUM impactor. 

	Stage 7: 0.24 -0.34 µm 
	Stage 7: 0.24 -0.34 µm 

	11-Aug-92 
	11-Aug-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 

	Concentration 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 

	(relative) 
	(relative) 
	( . ) 
	( . ) 


	H Na 
	Mg Al 
	Si 
	s 
	Cl 
	K 
	Ca Ti V Cr Mn 
	Fe 
	Ni 
	Cu Zn As 
	Se Br Rb Sr Pb 
	716.73 
	207.86 
	84.12 
	84.99 
	29.06 24.67 
	277.83 
	48.78 

	28.30 
	28.30 
	18.52 
	7.83 
	8.09 
	Table 3.2.1.23. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.2.1.23. Relative element concentrations by stage from DRUM Impactor. 
	Table 3.2.1.23. Relative element concentrations by stage from DRUM Impactor. 

	Stage 8: < 0.24 µm 
	Stage 8: < 0.24 µm 

	11-Aug-92 
	11-Aug-92 
	Abundance 
	Abundance 

	TR
	Relative to 
	Relative to 

	Concentration 
	Concentration 
	±Uncertainty 
	Potassium 
	Stage 1 

	(relative) 
	(relative) 
	( . ) 
	( . ) 


	H 286.70 0.3823 
	1,324.42 

	Na 
	Mg 
	Al Si 73.70 29.74 0.0213 0.0327 
	s 
	Cl 160.83 0.7182 
	2,488.10 

	K · 209.48 1.0000 11.7796 
	3,464.13 

	Ca 
	Ti 
	V 
	Cr 35.41 15.00 0.0102 
	Mn 16.59 9.13 0.0048 
	Fe 49.84 11 .09 0.0144 
	Ni 0.0000 
	Cu 581 .57 4226 0.1679 
	Zn 371 .07 34.43 0.1071 
	As 
	Se 
	Br 
	Rb 
	Sr 
	Pb 
	Table VOC Concentrations (ppbv) 
	3.2.1.24 

	Date 11-Aug-92 11-Aug-92 Fuel Wheat Straw Wheat Straw Traverse Traverse 1 Traverse 2 
	Acetic acid Propanone (acetone) Methyl ester acetic acid (methylacetate) Butane Dimethyloxirane Pentene Methylbutanone (isopropylmethyl ketone) Furancarboxaldehyde (furfural) Benzene 33.7 24.5 Dimethylbutane 
	Hexane 
	Phenol 12.1 2.3 
	DimethyHuran 
	2-methyl 2-eyclopenten-1-one 
	2-chloro phenol 
	Toluene 9.7 7.9 Benzonitrile Benzaldehyde 6.9 2.2 Methylphenol (hydroxy toluene) Styrene 17.5 20.2 
	Xylene 9.2 5 
	Trirnethylpentane Benzofuran 3.4 1.1 Methoxymethylphenol (creosol) 
	Naphthalene 11 .7 1.1 
	C10H12 
	Alpha-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) 14.8 6.3 
	Table VOC Emission Factors (mg/kg) 
	3.2.1.25 

	Date Fuel Traverse Fuel Consul'Tl)tion 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 (fur1ural) 
	Benzene 
	Dimethylbutane 
	Hexane 
	Phenol Dimethylfuran 2-methyl 2-cyclopenten-1-one 2-chloro phenol Toluene Benzonitrlle Benzaldehyde Methylphenol (hydroxy toluene) 
	Styrene 
	Xylene Trimethylpentane Benzofuran Methoxymethylphenol (creosol) Naphthalene Unknown Alpha-pinene Cal'Tl)hene 63-Carene Limonene 
	11 •Aug-92 Wheat Straw Traverse 1 2.40 3.47 
	131 
	57 
	45 
	37 
	91 
	49 
	20 
	75 
	11-Aug-92 Wheat Straw Traverse 2 3.08 3.58 
	n 
	9 
	29 
	9 
	84 21 
	5 
	6 
	Table 3.2.1.29. PAH emlulon factors, wheat etraw, 11 Auguet 1992 (zero lndlcatn nol detected). 
	Table 3.2.1.29. PAH emlulon factors, wheat etraw, 11 Auguet 1992 (zero lndlcatn nol detected). 
	Table 3.2.1.29. PAH emlulon factors, wheat etraw, 11 Auguet 1992 (zero lndlcatn nol detected). 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Traver.ie 1 
	Traverse 2 
	lmpinger 
	Total 
	Total 
	Total 

	Filter 
	Filter 
	Filter 
	TrapfTublng 
	Sorbent 
	Sorbent 
	Rinsate 
	Traverse 1 
	Traverse 2 
	Averaga 

	µg/kg dry fuel 
	µg/kg dry fuel 

	Naphtha!
	Naphtha!
	-

	49 
	95 
	37 
	669,189 
	26,498 
	36 
	669,311 
	26,666 
	347,988 

	2-Methyl-naphlhalene 
	2-Methyl-naphlhalene 
	10 
	32 
	0 
	493 
	942 
	6 
	506 
	961 
	745 

	Acenaphlhylene 
	Acenaphlhylene 
	28 
	es 
	0 
	3,542 
	531 
	2 
	3,572 
	618 
	2,095 

	Aeenaphlhene 
	Aeenaphlhene 
	0 
	21 
	0 
	0 
	6 
	0 
	0 
	27 
	13 

	Fluorene 
	Fluorene 
	4 
	7 
	0 
	533 
	95 
	13 
	551 
	115 
	333 

	Phenanlhrene 
	Phenanlhrene 
	248 
	278 
	48 
	2,920 
	2,100 
	158 
	3,372 
	2,582 
	2,977 

	Anthraeene 
	Anthraeene 
	55 
	63 
	0 
	987 
	540 
	47 
	1,090 
	650 
	870 

	Fluoranlhene 
	Fluoranlhene 
	532 
	434 
	55 
	669 
	549 
	58 
	1,314 
	1,095 
	1,205 

	Pyrene 
	Pyrene 
	484 
	377 
	75 
	509 
	496 
	74 
	1,121 
	1,022 
	1,071 

	Benz(a)-anlhraeene 
	Benz(a)-anlhraeene 
	265 
	274 
	0 
	0 
	72 
	12 
	297 
	358 
	327 

	Ch!yaene 
	Ch!yaene 
	400 
	252 
	0 
	0 
	n 
	47 
	447 
	377 
	412 

	Benzo(b)-fluoran~ 
	Benzo(b)-fluoran~ 
	506 
	124 
	0 
	0 
	12 
	0 
	506 
	136 
	321 

	Benzo(k)-fluoranlhene 
	Benzo(k)-fluoranlhene 
	274 
	326 
	0 
	0 
	0 
	0 
	274 
	326 
	300 

	Benzo(a)pyrene 
	Benzo(a)pyrene 
	237 
	78 
	0 
	0 
	0 
	0 
	237 
	78 
	158 

	Benzo{e)pyrene 
	Benzo{e)pyrene 
	144 
	221 
	0 
	0 
	0 
	0 
	144 
	221 
	182 

	Perylene 
	Perylene 
	0 
	16 
	0 
	0 
	0 
	0 
	0 
	16 
	B 

	Benzo{lttij-perylene 
	Benzo{lttij-perylene 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	lndeno[1,2,3-cd)-pyrene 
	lndeno[1,2,3-cd)-pyrene 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	Dibenz[a,h]-anlhracene 
	Dibenz[a,h]-anlhracene 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	Total 
	Total 
	3,236 
	2,681 
	215 
	678,843 
	31,918 
	453 
	682,746 
	35,266 
	359,006 


	Figure 3.2.1.1. Ambient air conditions, 11 August 92. 
	Fuel Type: Wheat Straw Test Date 11-Aug-92 Configuration: CRNF 
	Air Temperature (°C) ---· -· Air Relative Humidity(%) 
	80 70 
	60 50 
	40 
	30 
	20 10 
	0 
	6 8 12 
	/ i.----------... ' ' -...... ' ' ' \ ---------------~ '\ ' . "\ \.' , . .... .. " ...._ --10 Time of Day (POST) 
	Figure 3.2.1.2. Air temperature and relative humidity from CIMIS station. 
	Fuel: Wheat Straw Date of Test: 11-Aug-92 Configuration: CRNF 
	Hourly Average CIMIS Data for Davis, California 
	---o-Air Temperature (°C) --0-------Relative Humidity(%) 
	80 70 60 50 40 
	30 
	20 10 
	0 
	0 
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	Figure 3.2.1.3. Wind speed from CIMIS station. 
	Fuel: Wheat Straw Date of Test: 11-Aug-92 Configuration: CRNF Hourly Average CIMIS Data for Davis, California 
	---o---Wind Speed (mis) 
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	Figure 3.2.1.4. Wind direction and solar radiation from CIMIS station. 
	Fuel: Wheat Straw Date of Test: 11-Aug-92 Configuration: CRNF Hourly Average CIMIS Data for Davis, California 
	~Wind Direction (from N) --0--Solar Radiation (W/sq. m) 
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	Figure 3.2.1.5. Inlet air, stack gas, and lmpinger temperatures, 11 August 92. 
	Fuel Type: Wheat Straw Test Date 11-Aug-92 Configuration: CRNF 
	-
	-
	-
	-
	-
	-
	-
	Inlet Air 
	---
	-

	Stack 
	lmpinger Outlet 

	TR
	Temperature 
	Temperature 
	Temperature 

	TR
	(OC) 
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	(OC) 
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	12 
	Figure 3.2;1.6. Conveyor speed and stack gas velocity, 11 August 92. 
	Fuel Type: Wheat Straw Test Date 11-Aug-92 Configuration: CRNF 
	Conveyor Speed (m/min) ------Stack Veloctty (mis) 
	3 
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	Figure 3.2.1.7. Conveyor speed with 10 min moving average, 11 August 92. 
	Fuel Type: Wheat Straw Test Date 11-Aug-92 Configuration: CRNF 
	Conveyor Speed (m/min} D Conveyor Speed-10 pt moving average (m/min) 
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	Figure 3.2.1.8. Conveyor travel, 11 August 92 
	Fuel Type: Wheat Straw Test Date 11-Aug-92 Configuration: CRNF 
	Conveyor Travel (m) 
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	Figure 3.2.1.9. CO concentration In stack gas, 11 August 92. 
	Fuel Type: Wheat Straw Test Date 11-Aug-92 Configuration: CRNF 
	CO (ppmv) 
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	Figure 3.2.1.1 o. NO and NOx concentrations In stack gas, 11 August 92. 
	Fuel Type: Wheat Straw Test Date 11-Aug-92 Configuration: CRNF 
	---NOx (ppmv) 
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	Figure 3.2.1.11. S02 concentration In stack gas, 11 August 92. Fuel Type: Wheat Straw Test Date Configuration: CRNF 
	Figure 3.2.1.11. S02 concentration In stack gas, 11 August 92. Fuel Type: Wheat Straw Test Date Configuration: CRNF 
	Figure 3.2.1.11. S02 concentration In stack gas, 11 August 92. Fuel Type: Wheat Straw Test Date Configuration: CRNF 
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	Figure Total sulfur concentration in stack gas, 11 August 92. 
	3.2.1.12. 

	Fuel Type: Wheat Straw Test Date 11-Aug-92 Configuration: CRNF 
	Total S (ppmv) 
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	Figure . THC concentration in stack gas, 11 August 92. 
	3.2.1.13

	Fuel Type: Wheat Straw Test Date 11-Aug-92 Configuration: CRNF 
	THC (ppmv) 
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	Particle size distribution, traverse 1, 11 August 92. 
	Figure 3.2.1.14. 


	Fuel: Wheat Straw Particle Size Distribution 
	Traverse 1: 
	Stage 1 2 3 4 5 6 7 
	filter 
	ECD (µm) 13.47 7.55 4.02 2.13 1.22 0.72 0.38 0.00 
	Weight (mg) 0.1 0.1 0.1 0.1 0.1 0.3 0.4 2.4 
	Date of Test: Configuration: 
	Cum. Wt (mg) 3.6 3.5 3.4 3.3 3.2 3.1 2.8 2.4 
	11-Aug-92 CRNF 
	Cum. Fraction 1.000 0.972 0.944 0.917 0.889 0.861 o.n8 0.667 
	1.000 0.950 0;900 C .2 0.850-u f!! ~ 0.800ll ll Ill ~ 0.750 
	1.000 0.950 0;900 C .2 0.850-u f!! ~ 0.800ll ll Ill ~ 0.750 
	1.000 0.950 0;900 C .2 0.850-u f!! ~ 0.800ll ll Ill ~ 0.750 
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	:----
	-
	-
	-
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	Particle size distribution, traverse 2, 11 August 92. 
	Figure 3.2.1.15. 

	Fuel: Wheat Straw Date of Test: 11-Aug-92 Configuration: CRNF 
	Particle Size Distribution 
	Traverse 2: 
	Stage ECO (µm) Weight (mg) Cum. Wt (mg) Cum. Fraction 1 13.28 0.1 4.2 1.000 2 7.44 0.1 4.1 0.976 3 3.97 0.1 4.0 0.952 4 2.10 0.2 3.9 0.929 5 1.21 0.1 3.7 0.881 6 0.71 0.3 3.6 0.857 7 0.37 0.3 3.3 0.786 
	filter 0.00 3.0 3.0 0.714 
	1.000 L--0.950 L--_L---C & ~ LI..,., m ~ 1-m 'S E :I (.) 0.900 0.850 0.800 0.750 I I I 0.700 0.650 0.600 0.550 0.500 f / 
	0.00 5.00 10.00 15.00 20.00 
	ECD(µm) 
	Figure 3.2.1.16. Nitrogen balance. 
	Figure 3.2.1.16. Nitrogen balance. 
	Figure 3.2.1.16. Nitrogen balance. 

	Date of Test: 
	Date of Test: 
	11-Aug-92 

	Fuel 
	Fuel 
	Wheat Straw 


	Nitrogen 
	ND 
	n% 
	PM Ash 5% 
	3% 
	Figure 3.2.1.17. Sulfur balance. 
	Figure 3.2.1.17. Sulfur balance. 
	Figure 3.2.1.17. Sulfur balance. 

	Date of Test: 
	Date of Test: 
	11-Aug-92 

	Fuel 
	Fuel 
	Wheat Straw 


	SuHur 
	PM S02 6% 
	ND 
	Figure
	Ash 
	58% 
	Relative abundance of major elements from DRUM impactor, Wheat Straw, 11 August 92, (CRNF). 
	Figure 3.2.1.18. 
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	Figure
	Table 3.2.2.1 
	Table 3.2.2.1 
	Table 3.2.2.1 

	Fuel and Ash Analyses 
	Fuel and Ash Analyses 

	Run Date Fuel Type Sample Type 
	Run Date Fuel Type Sample Type 
	13-Aug-92 Wheat Straw Fuel 
	13-Aug-92 Wheat Straw Ash 

	Ultimate Ana~sis (% dry weight) C H N 
	Ultimate Ana~sis (% dry weight) C H N 
	43.84 5.80 0.52 
	17.06 0.92 0.36 

	Elemental Analysis (% by weight dry basis) N p K ·ca Mg Na Cl (m~g dry weight) s B Zn Mn Fe Cu Si 
	Elemental Analysis (% by weight dry basis) N p K ·ca Mg Na Cl (m~g dry weight) s B Zn Mn Fe Cu Si 
	0.66 0.05 1.87 0.06 0.10 0.06 0.27 1,870 6 15 23 217 
	0.46 0.23 14.97 0.37 0.30 0.25 1.08 6,690 39 51 88 768 11 

	Total(% dry weight) 
	Total(% dry weight) 
	52.92 
	36.41 

	Proximate Analysis (% dry weight) Ash Volatiles Fixed Carbon 
	Proximate Analysis (% dry weight) Ash Volatiles Fixed Carbon 
	9.51 75.50 14.98 
	80.21 14.86 4.92 

	Hi!,!her Heatin!,! Value (MJ/kg dry weight) 
	Hi!,!her Heatin!,! Value (MJ/kg dry weight) 
	17.5369 
	5.3845 


	Table 3.2.2.2. Operating conditions and concentrations, 13 August 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.) 
	Wheat Straw 389 25.1 2.9 0.11 
	Date of Test: Configuration: 
	13-Aug-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) THC (ppmv as CH4) HC {ppmv as CH4 by GC) CH4 {ppmv by GC) NMHC (ppmv as CH4) 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) 
	23.03 80.92 23.76 26.37 15.59 
	0.24 3.02 
	36.84 
	0.25 0.39 0.04 8.76 5.18 2.13 6.63 3.05 245 0.05 
	3.44 3.44 3.23 
	24.30 68.95 27.05 31.40 19.63 
	0.31 2.68 
	38.79 0.30 0.48 0.05 6.98 5.98 2.56 4.42 3.42 
	277 
	0.06 
	3.47 3.38 3.26 
	Table 3.2.2.3. Mass balance, wheat straw, 13 August 92. 
	Table 3.2.2.3. Mass balance, wheat straw, 13 August 92. 
	Table 3.2.2.3. Mass balance, wheat straw, 13 August 92. 

	Fuel: 
	Fuel: 
	Wheat Straw 
	Date of Test: 
	13-Aug-92 

	TR
	Configuration: 
	CEWF 

	Mass Balance 
	Mass Balance 


	Traverse 1 Traverse 2 
	Total Conveyor Travel (m) Fuel Moisture Content (% w.b.) Fuel Loading Rate (g'sq.m d.b.) Total Fuel Consumption (g w.b.) Total Fuel Consumption (g d.b.) Residual Ash (g w.b.) Fuel Vaporized (g w.b.) Fuel Consumption Rate (g's w.b.) Fuel Consumption Rate {g's d.b.) Ash Generation Rate (g's w.b,) Fuel Vaporization Rate (g's w.b.) 
	Stack Gas Density (kg/cu.m) 
	. Stack Gas Flow Rate (cu.mis) Stack Gas Mass Flow Rate {kg/s) Inlet Air Mass Flow Rate {kg's) Overall Air-Fuel Ratio (w.b.) Overall Air-Fuel Ratio (d.b.) 
	11.64 7.0 
	362 5,525 5,138 
	635 
	4,890 1.92 1.78 0.22 1.70 
	1.1800 4.49 5.30 5.30 
	2763.31 
	2971 .30 
	14.72 7.4 
	361 6,987 6,470 
	803 
	6,184 2.43 2.25 0.28 2.15 
	1.1605 3.98 4.62 4.62 1904.53 2056.72 
	Table 3.2.2.4. Emission factors, wheat straw, 13 August 92 (Integrated basis). 
	Table 3.2.2.4. Emission factors, wheat straw, 13 August 92 (Integrated basis). 
	Table 3.2.2.4. Emission factors, wheat straw, 13 August 92 (Integrated basis). 

	Fuel: 
	Fuel: 
	Wheat Straw 
	Date of Test: 
	13-Aug-92 

	TR
	Configuration: 
	CEWF 

	Emission Factors {% fuel d!J: weightl 
	Emission Factors {% fuel d!J: weightl 

	Integrated Basis 
	Integrated Basis 

	Traverse 1 
	Traverse 1 
	Traverse 2 
	Average 


	10.576 8.479 9.527 NO 0.078 0.071 0.074 NOx (as NO2) 0.182 0.171 0.177 SO2 0.029 0.026 0.027 THC (as CH4) 1.432 0.899 1.165 HC (as CH4 by GC) 0.850 0.679 0.764 CH4 (byGC) 0.349 0.291 0.320 NMHC (as CH4) 1.082 0.608 0.845 NMHC (as CH4 by GC) 0.501 0.388 0.444 CO2 (by GC) 110.418 86.604 98.511 Total S (as SO2) 0.031 0.029 0.030 SO2/Total S 0.93 0.89 0.91 
	co 
	-

	PM 0.835 0.591 0.713 PM10 0.835 0.577 0.706 PM2.5 0.785 0.556 0.671 
	MMAD (µm) 0.203 0.226 0.215 0 5.358 3.331 
	Table 3.2.2.5. Emission factors, wheat straw, 13 August 92 (average basis). 
	Table 3.2.2.5. Emission factors, wheat straw, 13 August 92 (average basis). 
	Table 3.2.2.5. Emission factors, wheat straw, 13 August 92 (average basis). 

	Fuel: 
	Fuel: 
	Wheat Straw 
	Date of Test: 
	13-Aug-92 

	TR
	Configuration: 
	CEWF 

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

	Average Basis 
	Average Basis 

	TR
	Traverse 1 
	Traverse 2 
	Average 

	co 
	co 
	10.572 
	7.707 
	9.140 

	NO 
	NO 
	0.078 
	0.065 
	0.071 

	NOx (as NO2) 
	NOx (as NO2) 
	0.182 
	0.157 
	0.169 

	SO2 
	SO2 
	0.028 
	0.024 
	0.026 

	THC (as CH4) 
	THC (as CH4) 
	1.436 
	0.792 
	1.114 

	HC (as CH4 by GC) 
	HC (as CH4 by GC) 
	0.850 
	0.679 
	0.764 

	CH4 (byGC) 
	CH4 (byGC) 
	0.349 
	0.291 
	0.320 

	NMHC (as CH4} 
	NMHC (as CH4} 
	1.087 
	0.502 
	0.794 

	NMHC (as CH4 by GC} 
	NMHC (as CH4 by GC} 
	0.501 
	0.388 
	0.444 

	CO2 (by GC) 
	CO2 (by GC) 
	110.418 
	86.604 
	98.511 

	Total S (as SO2) 
	Total S (as SO2) 
	0.031 
	0.027 
	0.029 

	SO2/Total S 
	SO2/Total S 
	0.91 
	0.89 
	0.90 

	PM 
	PM 
	0.835 
	0.591 
	0.713 

	PM10 
	PM10 
	0.835 
	0.577 
	0.706 

	PM2.5 
	PM2.5 
	0.785 
	0.556 
	0.671 

	MMAD (µm) 
	MMAD (µm) 
	0.203 
	0.226 
	0.215 

	0 
	0 
	5.358 
	3.331 


	Table 3.2.2.6. Carbon balance. 
	Date of Test: 13-Aug-92 13-Aug-92 Fuel Wheat Straw Wheat Straw Traverse 1 Traverse 2 
	Carbon Balance 
	Dry Fuel Consumption Rate (ws) Ash Generation Rate (!¥s) Ash Fraction(% dry basis) Fuel Carbon Concentration (%) Residual Ash Carbon Concentration (%) Carbon released to stack (Ws) 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 (mg/cubic meter) PM Carbon Concentration (%) PM Carbon (mg/cubic meter) Stack Gas TefTl)erature (°C) lmpinger Temperature (°C) PM molar concen
	Emission Factors (% Average Basis): CO2 
	co 
	THC (as CH4) PM Emission Factors (o/o Integrated Basis): CO2 
	co 
	THC (as CH4) PM 
	Closure (% Average Basis) Closure {% Integrated Basisl 
	1.78 
	0.22 12.36 43.84 17.06 
	0.74 
	153.02 1.18 245 
	36.84 
	8.76 3.44 
	62.88 2.16 26.37 15.59 4.27 3.47 
	110.418 10.572 1.436 0.835 
	110.418 10.576 1.432 0.835 
	87 
	86 
	2.25 0.28 12.44 43.84 17.06 0.94 152.96 1.16 
	2n 
	38.79 6.98 3.47 
	62.88 
	2.18 31 .40 19.63 
	4.37 
	4.02 
	86.604 7.707 0.792 0.591 
	86.604 
	8.479 
	0.899 0.591 
	67 67 
	Table 3.2.2.7. Nhrogen balance 
	Date of Test: Fuel 
	Nitrogen Balance Fuel Nitrogen Concentration (% dry weight) Ash Nitrogen Concentration (% weight) 
	Emission Factors (% 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 (%) 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 Nitrog
	13-Aug-92 13-Aug-92 
	Wheat Straw Wheat Straw Traverse 1 Traverse 2 
	0.66 0.66 0.46 0.46 
	0.182 0.157 0.835 0.591 
	0.182 0.171 
	0.406 0.406 2.083 2.083 1.712 1.712 11.75 14.85 1.01 1.29 0.99 1.08 0.99 1.17 0.25 0.23 1.24 1.30 1.24 1.40 0.106 0.088 0.106 0.094 0.086 0.087 0.192 0.174 0.192 0.181 
	Table 3.2.2.8. Sulfur balance. 
	Table 3.2.2.8. Sulfur balance. 
	Table 3.2.2.8. Sulfur balance. 

	Date of Test: 
	Date of Test: 
	13-Aug-92 
	13-Aug-92 

	Fuel 
	Fuel 
	Wheat Straw 
	Wheat Straw 

	TR
	Traverse 1 
	Traverse 2 

	Sulfur Balance 
	Sulfur Balance 

	Fuel Sulfur Concentration (mg/kg dry weight) 
	Fuel Sulfur Concentration (mg/kg dry weight) 
	1,870 
	1,870 

	Ash Sulfur Concentration (mg/kg weight) 
	Ash Sulfur Concentration (mg/kg weight) 
	6,690 
	6,690 

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

	SO2 
	SO2 
	0.028 
	0.024 

	PM 
	PM 
	0.835 
	0.591 

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

	S02 
	S02 
	0.029 
	0.026 

	Sulfur Concentration of PM (% weight) 
	Sulfur Concentration of PM (% weight) 
	1.310 
	1.310 

	Fuel Sulfur (mg/s) 
	Fuel Sulfur (mg/s) 
	3.33 
	4.21 

	Ash Sulfur (mg/s) 
	Ash Sulfur (mg/s) 
	1.47 
	1.87 

	Sulfur as SO2 (mg/s Average Basis) 
	Sulfur as SO2 (mg/s Average Basis) 
	0.25 
	0.27 

	Sulfur as SO2 (mg/s Integrated Basis) 
	Sulfur as SO2 (mg/s Integrated Basis) 
	0.26 
	0.29 

	Sulfur as PM (mg/s Average Basis) 
	Sulfur as PM (mg/s Average Basis) 
	0.19 
	0.17 

	Sulfur as SO2+PM (mg/s Average Basis) 
	Sulfur as SO2+PM (mg/s Average Basis) 
	0.44 
	0.44 

	Sulfur as SO2+PM (mg/s Integrated Basis) 
	Sulfur as SO2+PM (mg/s Integrated Basis) 
	0.45 
	0.47 

	SO2+PM Sulfur/Fuel Sulfur (Average Basis) 
	SO2+PM Sulfur/Fuel Sulfur (Average Basis) 
	0.133 
	0.106 

	SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
	SO2+PM Sulfur/Fuel Sulfur (Integrated Basis) 
	0.136 
	0.111 

	Ash Sulfur/Fuel Sulfur 
	Ash Sulfur/Fuel Sulfur 
	0.442 
	0.445 

	Closure (o/o Average Basis) 
	Closure (o/o Average Basis) 
	58 
	55 

	Closure (% Integrated Basis) 
	Closure (% Integrated Basis) 
	58 
	56 


	Table·3.2.2.9. Water balance. 
	Estimated Stack Humidity 
	Fuel 
	Fuel 
	Fuel 
	Wheat Straw 

	Configuration 
	Configuration 
	CEWF 

	Date ofTest 
	Date ofTest 
	13-Aug-92 

	TR
	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) Tot
	0 

	Totals: 
	23 
	23 
	23 
	24 

	81 
	81 
	69 

	296 
	296 
	297 

	2,816 
	2,816 
	3,039 

	2,278 
	2,278 
	2,096 

	19.6 
	19.6 
	18.3 

	0.0225 
	0.0225 
	0.0207 

	0.0140 
	0.0140 
	0.0128 

	1.92 
	1.92 
	2.43 

	7.0 
	7.0 
	7.4 

	0.11 
	0.11 
	0.11 

	5.80 
	5.80 
	5.80 

	0.92 
	0.92 
	0.92 

	0.13 
	0.13 
	0.18 

	0.91 
	0.91 
	1.15 

	1.05 
	1.05 
	1.33 

	5,300 
	5,300 
	4,620 

	74 
	74 
	59 

	75 
	75 
	61 

	5,302 
	5,302 
	4,622 

	0.0141 
	0.0141 
	0.0131 

	0.0228 
	0.0228 
	0.0211 

	2,310 
	2,310 
	2,142 

	26 
	26 
	31 

	300 
	300 
	305 

	3,437 
	3,437 
	4,599 

	67 
	67 
	47 

	19.8 
	19.8 
	18.6 

	15.6 
	15.6 
	19.6 

	669 
	669 
	662 

	11.6 
	11.6 
	10.5 

	Estimated 
	Estimated 
	Measured 


	Total lmpinger/Desiccant Weight Gain (g) 22.1 24.1 Estimated/Measured Weight Gain 0.92 
	Table 3.2.2.10. Power balance. 
	Table 3.2.2.10. Power balance. 
	Table 3.2.2.10. Power balance. 

	Date of Test: 
	Date of Test: 
	13-Aug-92 
	13-Aug-92 

	Fuel 
	Fuel 
	Wheat Straw 
	Wheat 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 lnco"l)lete Combustion (kW) 
	co 
	THC (as CH4) 
	PM Heat Release Rate (kW) Fireline Intensity (kW/m) Stack Gas Flow (kg/s) Stack Gas Te"l)erature (°C) Inlet Te"l)Srature (°C) Sensible Power at Top of Stack (kW) Tunnel Dissipation (kW) 
	17.5369 7.2160 29.6 
	1.9 1.4 0.3 26.0 
	21.3 
	5.30 26.37 23.76 
	13.9 12.1 
	17.5369 7.2160 37.4 
	1.8 1.0 0.3 
	34.4 
	28.2 4.62 
	31.40 
	27.05 
	20.2 
	14.2 
	Table . M••• concentration• (%) from ORI fflter Nmplea 
	3.2.2.11

	Date FIMI 
	Size Fraction 
	Teflon Filter ID 
	OuanzFllerlD 
	T ellon Field Saffl)le Flag 
	Ouanz field aample field 
	Teflon masa sample flag 
	Ouanz mass aalr4)1e flag 
	Allio,-aar11>le llag 
	Ammonium analysis llag 
	Sodium ion analysis flag 
	Magnesium ion analysis flag 
	Potassium ion anatylls flag 
	Camon analyaia flag 
	XRF analysis flag 
	Teflon aa1r4Jle volume (rn"3) O\&tz sample Voll.ffle (11'1"3) Tellon mass ooncenlralion (Jll>'m"'3) 
	Cl· 
	N03
	-

	504~ 
	NH4+ 
	Na+ 
	K+ 
	C(org) 
	C(oht) 
	C(e) 
	C(eht) 
	C 
	Al 
	s; 
	p 
	s 
	Cl 
	K 
	Ca 
	Ti 
	V 
	Cr Mn Fe Co 
	Ni 
	Cu Zn 
	Ga 
	As 
	Se 
	a., Rb 
	Sr 
	y Zr Mo Pd 
	Ag Cd 
	In Sn Sb Ba La Au Hg Tl Pb u 
	Sum of measured species 
	13-AIJl>-92 WtMNIISuaw CEWF 
	PM2.5 
	ABTT025 ABTC025 
	0.45 0.45 2,289 
	Concentrelion!"-l 14.~2 0.3990 3.2847 2.2271 0.2562 11.2681 48.8113 45.8811 13.7379 0.7379 62.5492 0.1052 0.1066 0.0518 1.3329 12.0523 11.7150 0.0330 0.0001 0.0000 0.0000 0.0010 0.0133 0.0000 0.0000 0.0000 0.0053 0.0000 0.0000 0.0000 0.0502 0.0038 0.0000 0.0000 0.0000 0.0000 0.0000 0.0092 0.0016 0.0016 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
	90.9133 
	±Uncell~ 
	0.02 
	0.02 
	120 
	:tt.JncenAi!!)'. 1.2091 0.0745 0.2515 0.1751 0.0366 0.8637 4.8718 7.1393 1.3226 0.4663 
	0.0291 0.0573 0.1363 0.1139 0.8742 
	0 .8480 
	0.1695 0.0631 0.0274 0.0060 0.0042 0.0114 0.0025 0.0028 0.0029 0.0022 0.0051 0.0059 0.0032 0.0043 0.0020 0.0030 0.0037 0.0045 0.0076 0.0274 0.0317 0.0340 0.0388 0.0481 0.0544 0.1914 0.2562 0.0084 0.0070 0.0067 0.0087 0.0067 5.2141 
	13-A~92 Wheat Straw 
	CEWF 
	PM10 
	ABTT026 
	ABTCI026 
	:l:Uncenain!X 0.45 0.02 0.45 0.02 
	2,347 122 
	Concentration !"-l ±Uncenain!X PM2.5/PM10 
	14.0506 0.-4062 3.1214 2.0828 0.2436 10.9906 49.7875 47.6681 13.0966 1.7045 62.8841 0.1382 0.3298 0.0673 
	1.30e8 
	11 .6431 
	11 .3426 0.0590 0.0081 0.0010 0.0007 0.0040 0.1050 0.0000 0.0006 0.0011 0.0067 0.0009 0.0002 0.0000 0.0458 0.0033 0.0005 0.0008 0.0003 0.0010 0.0126 0.0026 0.0143 0.0043 0.0084 0.0000 0.0000 0.0221 0.0010 0.0031 0.0000 0.0015 0.0000 
	90.7568 
	1.1784 1.03 0.0731 0.98 0.2390 1.05 0.1647 1.07 0.0354 1.05 0.8416 1.03 4.9518 0.98 7.3937 0.96 12604 1.05 1.0464 0.43 
	0.99 0.0292 0.76 0.0605 0.32 0.1320 0.77 0.1113 1.02 0.8436 1.04 0.8202 1.03 0.1642 0.56 0.0600 0.01 0.0281 0.00 0.0058 0.00 0.0029 0.25 0.0135 0.13 0.0031 0.0027 0.00 0.0028 0.00 0.0021 0.79 0.0049 0.00 0.0056 0.00 0.0031 0.0040 1.10 0.0020 1.15 0.0028 0.00 0.0035 0.00 0.0042 0.00 0.0072 0.00 0.0268 0.00 0.0304 3.54 0.0327 0.11 0.0363 0.37 0.0466 0.00 0.0527 0.1828 0.2473 0.00 0.0080 0.00 0.0067 0.00 0.0063 0.0083 0.00 0.0063 5.2628 1.00 
	Table . Element r•til>S from DAI filter sampl ... 
	3.2.2.12

	DIiie 
	DIiie 
	DIiie 
	13-Aug-92 

	Fuel 
	Fuel 
	Wheal Straw 

	Configuration 
	Configuration 
	CEWF 

	Size Fraction 
	Size Fraction 
	PM2.5 

	T ellon Flier ID 
	T ellon Flier ID 
	ABTT02S 

	Ouanz Filer ID 
	Ouanz Filer ID 
	A8T0025 

	CI-/CI 
	CI-/CI 
	1.20 

	K+IK 
	K+IK 
	0.96 

	SUI ale SITotal S 
	SUI ale SITotal S 
	0.82 

	C(org~ 
	C(org~ 
	0.78 

	C1,1( 
	C1,1( 
	1.03 

	Cl-II<+ 
	Cl-II<+ 
	1.28 

	CI-/Na+ 
	CI-/Na+ 
	56.45 

	SIK 
	SIK 
	0.11 

	S/Na+ 
	S/Na+ 
	5.22 

	Al/Si 
	Al/Si 
	0.99 


	13-Aug-112 
	Wheat Straw CEWF 
	PMtO PM2.SIPM10 
	ABTT026 
	ABT0026 
	121 0.97 0.79 0.79 1.03 128 57.68 0.12 S.38 0.42 
	0.99 0.99 1.03 0.99 1.00 1.00 0.98 0.99 0.97 2.36 
	Table . Eml..ion factors (mg/kg) from DRI filter samplH. 
	3.2.2.13

	Dale 13-.t.ug-92 Fuel Wheal Straw CEWF 
	SiZe Fraction PM2.5 
	T aflon Filler ID Quartz mer ID Start Time Stop Time Start Time End Time Elapsed Time (mirues) PM (mghn"3 by total filter) PM10 (by total filler/iff¥>aclor) PM2.5 (by total filler/iff¥>ador) PM emission factor (%) PM10 emission factor(%) PM2.5 emission factor(%) 
	Teflon &aff¥>le vok.lme (rn-"3) Quartz sample vollme (rn-"3) Teflon mass concenlration (mg/m"3) Teflon mass/TOlal mass 
	Cl· 
	N03
	-

	504= 
	NH4+ 
	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 
	NJ 
	Se 
	Br 
	Rb 
	Sr 
	V 
	Zr 
	Mo Pd 
	.t.g 
	Cd 
	In Sn 
	Sb 
	Ba 
	La 
	.t.u 
	Hg Tl 
	Pb u Sum of measixed species 
	.t.BTT025 "8TCl025 9:18 10:03 
	45 
	:1:uncenai!!): 0.45 0.02 0.45 0.02 
	2.289 0.120 0.702 
	Emission jmg/kg) :1:uncenai!!): 
	880.9812 24.4017 
	200.8830 
	136.2031 15.6073 689.1251 2985.1609 . 2805.9582 840.1711 45.1279 3825.3320 6.4337 6.5194 3.1679 81.5164 737.0845 716.4562 2.0182 0.0061 
	0.0000 0.0000 
	0.0612 
	0.8134 0.0000 0.0000 0.0000 0.3241 0.0000 0.0000 0.0000 
	3.0701 02324 
	0.0000 
	0.0000 0.0000 0.0000 0.0000 0.5626 0.0979 0.0979 0.0000 0.0000 
	0.0000 
	0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 5.560 
	67.2260 4.1422 13.9834 9.7356 2.0350 48.0217 270.8721 396.9451 73.5366 25.9263 0.0000 1.6180 3.1859 7.5783 6.3328 48.6055 47.1488 11.4242 3.5084 1.5234 0.3336 0.2335 0.6338 0.1390 0.1557 0.1612 0.1223 02836 0.3280 0.1m 02391 0.1112 0.1668 0.2057 02502 0.4226 1.5234 1.7625 1.8904 2.1573 2.6744 3.0246 10.6418 14.2447 0.4670 0.3892 0.3725 0.4837 0.3725 
	290 
	13-Aug-92 Wheat Straw CEWF 
	PM10 
	ABTT026 "8TQ026 
	Traverse 2 3.470 3.380 3.260 0.591 0.577 0.556 
	:l:Uncenain~ 
	:l:Uncenain~ 

	0.45 0.02 
	0.45 0.02 2.347 0.122 0.694 
	Emission !~al :l:Uncenain~ PM2.SIPM10 
	8932880 25.8248 198.44TT 132.4171 15.4872 698.7439 3165.3152 3030.5711 832.6360 108.3661 3997.9512 8.7863 20.9675 42787 832725 740.2276 721.1228 3.7510 0.5150 0.0636 0.0<145 0.2543 6.6755 0.0000 0.0381 0.0699 0.4260 0.0572 0.0127 0.0000 2.9118 0.2098 0.0318 0.0509 0.0191 0.0636 0.8011 0.1653 0.9091 
	02734 
	0.5340 0.0000 0.0000 1.4050 0.0636 0.1971 0.0000 0.0954 0.0000 
	s.no 
	67.9937 0.99 <12179 0.94 13.7903 1.01 9.5032 1.03 2.0426 1.01 48.5603 0.99 285.7189 0.94 426.6165 0.93 72.7251 1.01 60.3773 0.42 0.0000 0.96 1.68"8 0.73 3.4909 0.31 7.6164 0.74 6.4220 0.98 48.6757 1.00 
	47.3255 0.99 9.47"3 0.54 3.4620 0.01 1.5060 0.00 0.33'47 0.00 0.1673 024 0.12 0.1789 0.1558 0.00 0.1616 0.00 0.1212 0.76 0.2827 0.00 0.3231 0.00 
	o.n90 

	0.1789 0.2308 1.05 0.1154 1.11 0.1616 0.00 0.2020 0.00 02423 0.00 0.4154 0.00 1.5464 0.00 1.7541 3.40 1.8868 0.11 2.0945 0.36 2.6888 0.00 3.0408 
	10.5476 
	142692 0.00 0.4616 0.00 0.3866 0.00 0.3635 0.4789 0.00 0.3635 
	293 0.96 
	Table . Element concentrations (ng/m"3) from CNL filter samples. 
	3.2.2.14

	Fuel: Date: Time: Filter 10: 
	Element 
	Wheat 13-Aug-92 8:20 AG-32 
	Concentration ±Uncertaint;t: 
	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 86,800 
	10,390 
	17,790 
	30,730 427,590 412,500 
	190 
	380 
	4,880 210 190 
	1,390 
	7,800 
	2,700 
	1,500 
	2,300 21,700 20,900 
	100 
	100 300 100 100 
	100 
	Table Element emission factors (mg/kg) from CNL filter samples. 
	3.2.2.15. 

	Fuel: Date: Time: Filter ID: 
	Fuel rate (g/s) Stack gas flow rate (rn"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 
	Wheat 13-Aug-92 8:20 AG-32 
	Emission factor (mg/kg) 
	216.5 
	25.9 
	44.4 
	76.7 1,066.6 1,028.9 
	0.5 
	0.9 12.2 0.5 0.5 
	3.5 
	1.78 
	4.49 
	26.37 
	23.03 
	±Uncertainty (mg/kg) 
	19.5 
	6.7 
	3.7 
	5.7 54.1 52.1 
	0.2 
	0.2 0.7 0.2 0.2 
	0.2 
	Relative element concentrations by stage from DRUM impactor. 
	Table 3.2.2.16. 

	Stage 1: 10-15µm 
	13-Aug-92 Abundance Abundance Relative to Relative to Concentration ±Uncertainty Potassium Stage 1 (relative) ( -) ( -) 
	H Na 
	Mg 
	Al Si 581 .09 7.9860 1 s .15 55.45 0.1497 1 Cl 537.58 97.64 0.4021 1 K 124.73 1.0000 1 Ca 212.55 1.9423 1 Ti 107.25 36.91 0.0802 1 V Cr Mn 226.13 25.09 0.1692 1 Fe 112.91 1.3789 1 Ni 17.91 8.18 0.0134 1 Cu 248.51 27.45 0.1859 1 Zn 327.91 28.00 0.2453 1 
	10,675.87 
	200
	1,336.82 
	2,596.55 
	1,843.35 

	As 
	Se Br Rb Sr Pb 








