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Table 3.1.1.1

Fuel and Ash Analyses

Run Date 30-Apr-92
Fuel Type Rice Straw

Sample Type Fuel .

Uttimate Analysis
(% dry weight)

c

H

N

Elemental Analysis
(% by weight dry basis)
N

P
K
Ca
Mg
Na
Ci

(mg/kg dry weight)
s

B
Zn
Mn
Fe
Cu
Si

Total (% dry weight)

Proximate Analysis

(% dry weight)

Ash 17.23
Volatiles 69.85
Fixed Carbon 12.91
Higher Heating Value

(MJ/kg dry weight) 15.5065

30-Apr-92
Rice Straw
Ash .

7.36
0.70
0.15

0.30
0.19
3.49
1.17
0.60
0.39
0.37

620
17

82
2,700
1,290
16

15.04

86.56
9.24
4.20

3.6690



Table 3.1.1.2. Operating conditions and concentrations, rice straw, 30 April 92.

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

Fuel Loading Rate (g/sq.m w.b.): 680
Total Fuel Consumption (kg w.b.) 133.4
Total Ash Recovered (kg w.b.) 276
Ash Fraction (w.b.) 0.21

Traverse 1 Traverse 2 Traverse 3
Mean Values
Air Temperature (°C) 35.72 37.48 36.03
Air Relative Humidity (%) 21.99 15.90 18.77
inlet Air Temperature (°C) 30.35 31.50 29.82
Stack Temperature (°C) 53.15 56.89 58.26
Impinger Outlet Temperature (°C) 20.86 2122 22.14
Fire Spreading Rate (m/min) 0.66 0.72 0.67
Stack Gas Velocity (mvs) 1.94 1.85 1.81
Gas and PM Concentrations (less background)
CO (ppmv) 129.55 58.57 67.99
NO (ppmv) 4.64 5.14 5.44
NOx (ppmv) 5.61 592 6.26
SO2 (ppmv) 1.24 1.27 1.32
HC (ppmv as CH4 by GC) 5.16 3.82 5.48
CH4 (ppmv by GC) 3.68 2.99 2.83
NMHC (ppmv as CH4 by GC) 1.48 0.83 2.65
CO2 (ppmv by GC) 2,022 1,893 2,180
Total S (ppmv as SO2) 1.83 1.78 1.93
PM (mg/cu.m) 11.50 13.27
PM10 (mg/cu.m) 10.81 12.87

PM2.5 {mg/cu.m) 9.20 11.61



Table 3.1.1.3. Mass balance, rice straw, 30 April 82.

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

Mass Balance
Traverse 1 Traverse 2 Traverse 3
Total Conveyor Travel (m) 31.61 34.42 3215
Fuel Moisture Content (% w.b.) 101 10.8 84
Fuel Loading Rate (g/sq.m d.b.) 611 607 623
Total Fuel Consumption (g w.b.) 26,203 28,532 26,650
Total Fuel Consumption (g d.b.) 23,556 25,451 24,412
Residual Ash {g w.b.) 5,433 5916 5,526
Fue! Vaporized (g w.b.) 20,770 22,617 21,125
Fuel Consumption Rate (g/s w.b.) 9.10 ~9.91 9.25
Fuel Consumption Rate (g/s d.b.) 8.18 8.84 8.48
Ash Generation Rate (g/s w.b.) 1.89 2.05 1.92
Fuel Vaporization Rate (g/s w.b.) 7.21 7.85 7.33
Stack Gas Density (kg/cu.m) 1.0832 1.0709 1.0664
Stack Gas Flow Rate {cu.nvs) 2.89 2.75 2.69
Stack Gas Mass Flow Rate (kg/s) 3.13 2.94 2.87
Inlet Air Mass Flow Rate (kg/s) 3.12 2.93 2.86
Overall Air-Fuel Ratio (w.b.) 342.85 295.93 309.56
Overall Air-Fuel Ratio (d.b.) 381.36 331.75 337.9%
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Table 3.1.1.6. 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 (g9/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 Concentrationt (%)

PM Carbon (mg/cubic meter)

Stack Gas Temperature {°C)

Iimpinger Temperature (°C)

PM molar concentration {ppm)

Estimated Average Stack Gas Velocity (nvs)

Emission Factors (% Average Basis):
co2

co

HC (as CH4)

PM'-

Emission Factors (% Integrated Basis}):
co2

cO

HC (as CH4)

PM**

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

30-Apr-92
Rice Straw
Traverse 1

8.18
1.89
23.11
37.96
7.36
2.97
132.95
1.08
2,022
129.55
5.16
11.50
39.44
454
53.15
20.86
8.12
2.06

117.239
4.781
0.109
0.366

117.238
4.767
0.109
0.366

94
94

30-Apr-92
Rice Straw
Traverse 2

8.84
2.05
2319
37.96
7.36
3.20
132.93
1.07
1,893
58.57
3.82
13.27
39.44
5.23
56.89
21.22
10.53
248

85.54
2,224

0.07
0.368

95.54
1.878

0.07
0.368

75
74

30-Apr-92
Rice Straw
Traverse 3

8.48
1.92
22.64
37.96
7.36
3.08
133.08
1.07
2,180
67.99
5.48
12.39
39.44
4.88
58.26
2214
9.86
2.07

112.065
2.224
0.102
0.367

112.065
2.233
0.102
0.367

87
B7

*Fuel analysis from run of 9 June 92

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

+No analysis for run of 30 April 92. Average concentration from run of 9 June 92.



Table 3.1.1.7. Nitrogen balance
Date of Test:
Fuel

Nitrogen Balance

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

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

PM

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

NO3- Concentration of PMt (% weight)
NH4+ Concentration of PMt (% 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)

30-Apr-92
Rice Straw
Traverse 1

0.60
0.30

0.340
0.366

0.341

0.149
1.429
1.145
49.08
5.67
8.46
8.49
0.34
8.81
8.83
0.178
0.180
0.116
0.295
0.285

30-Apr-92
Rice Straw
Traverse 2

0.60
0.30

0.313
0.368

0.311

0.149
1.429
1.145
53.04
"6.15
8.42
8.37
0.37
8.79
8.74
0.166
0.165
0.116
0.282
0.281

30-Apr-92
Rice Straw
Traverse 3

0.60
0.30

0.336
0.367

0.336

0.149
1.429
1.145
50.88
5.76
8.67
8.67
0.36
9.03
9.03
0477
0.177
0.113
0.291
0.291

*Fuel analysis from run of 9 June 92

+No analysis for run of 30 April 92. Average concentration from run of 9 June 92.



Table 3.1.1.8. Sulfur balance.

Date of Test: 30-Apr-92 30-Apr-82 30-Apr-92
Fuel Rice Straw  Rice Straw  Rice Straw
Traverse 1 Traverse 2  Traverse 3
Sulfur Balance
Fue! Suffur Concentration® (mg/kg dry weight) 668 €68 668
Ash Sutfur Concentration (mg/kg weight) 620 620 620
Emission Factors (% Average Basis)
s02 0.105 0.093 0.098
PM 0.366 0.368 0.367
Emission Factors (% Integrated Basis)
s02 0.099 0.093 0.099
Sulfur Concentration of PM1t (% weight) 1.016 1.016 1.016
Fuel Sulfur (mg/s) 5.46 5.91 5.66
Ash Sulfur (mg/s) 117 1.27 1.19
Sulfur as SO2 (mg/s Average Basis) 4.29 4.11 4.18
Suffur as SO2 (mg/s Integrated Basis) 4.05 411 4.20
Sulfur as PM (mg/s Average Basis) 0.30 0.33 0.32
Sulfur as SO2+PM (mg/s Average Basis) 4,60 4.44 4.47
Sultur as SO2+PM (mg/s integrated Basis) 435 4.44 4.51
SO2+PM Sulfur/Fuel Sulfur (Average Basis) 0.842 0.752 0.789
S02+PM Sultur/Fuel Sulfur (integrated Basis) 0.797 0.752 0.797
Ash Suffur/Fuel Sultur 0.214 0.215 0.210
Closure (% Average Basis) 106 97 100
Closure {% Integrated Basis) 101 97 101

*Fuel analysis from run of 9 June 82

+No analysis for run of 30 April 92. Average concentration from run of 9 June 92,



Table 3.1.1.8. Water balance.

Estimated Stack Humidity
Fuel Rice Straw
Configuration CRNF
Date of Test 30-Apr-92

Traverse 1 Traverse 2 Traverse 3
Ambient Air Temperature °C) 36 37 36
Ambient Air Relative Humidity (%) 22 16 19
Air Temperature (K) 309 311 309
Saturation Pressure (Pa) 5,856 6,447 5,956
Vapor Pressure (Pa) 1,288 1,025 1,118
Air Dew Point Temperature (°C) 10.7 7.4 8.6
Ambient Volume Fraction Water Vapor 0.0127 0.0101 0.0110
Ambient Mass Fraction Water Vapor 0.0079 0.0063 0.0068
Fuel Burning Rate (g/s wet basis) 9.10 9.91 9.25
Fuel Moisture Content (%) 10.1 10.8 8.4
Ash Fraction (wet basis) 0.21 0.21 0.21
Fuel Hydrogen Content (%) 5.65 5.65 5.65
Ash Hydrogen Content (%) 0.70 0.70 0.70
Moisture Evaporated (9/s) 0.92 1.07 0.78
Water of Combustion (g/s) 4.04 4.36 4.19
Total Fuel Water Added (g/s) 4.96 5.43 4.96
Inlet Air Mass Flowrate (g/s) 3,120 2,930 2,860
Inlet Air Water Vapor Flowrate (g/s) 25 18 20
Total Stack Water Vapor Flowrate (g/s) 30 24 25
Stack Gas Mass Flowrate (g/s) 3,127 2,938 2,867
Mass Fraction Water Vapor in Stack 0.0095 0.0081 0.0086
Volume Fraction Water Vapor in Stack 0.0152 0.0131 0.0138
Stack Vapor Pressure (Pa) 1,544 1,324 1,398
Stack Temperature (°C) 53 57 58
Stack Temperature (K) 326 330 331
Stack Saturation Pressure (Pa) 14,415 17,243 18,392
Stack Relative Humidity (%) 11 8 8
Stack Dew Point Temperature (°C) 135 112 12.0
Impinger Outiet Temperature (°C) 209 212 221
Volume Stack Gas Sampled for PM (L) 426 437
Estimated Impinger/Desiccant Weight Gain (g) 4.8 43
Totals:

Estimated Measured

Total Impinger/Desiccant Weight Gain (g) 9.1 ND

Estimated/Measured Weight Gain



Tabie 3.1.1.10. 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 Temperaturs {°C)
Sensible Power at Top of Stack (kW)
Tunnel Dissipation (KW)

30-Apr-92
Rice Straw
Traverse 1

15.5065
3.6690
119.9

4.0
0.5
0.4
1151
94.4
3.13
53.15
30.35
71.8
433

30-Apr-92
Rice Straw
Traverse 2

15.5065
3.6680
129.6

2.0
0.3
0.4
126.8
"104.0
2.94
56.89
31.50
75.1
51.7

30-Apr-92
Rice Straw
Traverse 3

15.5065
3.6690
1245

1.9
0.5
0.4
121.7
99.8
2.87
58.26
29.82
82.1
39.5



Table 3.1.1.11
VOGC Concentrations (ppbv)

Date
Fuel
Traverse

30-Apr-92
Rice Straw
Traverse 1

30-Apr-92
Rice Straw
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-methy! 2cyclopenten-1-one
2-chloro phenol

Toluene

Benzonitrile

Benzaldehyde

Mathylphenol (hydroxy toluane)
Styrene

Xylene

Trimethylpentane

Benzofuran
Mathoxymathylphenol {crecsol)
Naphthalene

C10H12

Alpha-pinene

Camphene

A3-Carens

Limonene

No match r.t. (6.7)

No match r.1. (8.561)

No match r.t. {8.71)

No match r.t. (8.73)

No match r.t.(6.4)

No match r.t.(8.5)

13.1

24

1.6
0.7

8.3

1.7

1.5



Table 3.1.1.12.
VOC Emission Factors (mg/kg)

Date

Fuel

Traverse

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

Acetic acid

Propanons (acetone)

Msthyl ester acetic acid {methylacetate)
Butane

Dimethyloxirane

Pentene

Methylbutanone (isopropyimethyl 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 (creesol)
Naphthalene

Unknown

Alpha-pinens

Camphene

A3-Carene

Limonene

30-Apr-92
Rice Straw
Traverse 1
4.44
4,00

14

30-Apr-92
Rice Straw
Traverse 2
0.85
2.50



Figure 3.1.1.1. Upstream air conditions, 30 April 82.

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

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

Configuration: CRNF
Hourly Average CIMIS Data for Davis, California

——O—— Wind Speed (mVs)

35 7 ?L_/ | \e

‘2.5 — V XJ\L 4 M

15 E{ B/cﬁ/ Hﬁ \L

0.5

0 2 4 6 8 10 12 14 16 18 20 22 24
Time of Day (PDST)




Figure 3.1.1.4. Wind direction and solar radiation from CIMIS station.
Fuel: Rice Straw Date of Test: 30-Apr-92

Configuration: CRNF
Hourly Average CIMIS Data for Davis, California
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Figure 3.1.1.5. Inlet air, stack gas, and impinger outiet temperatures, 30 April 92.

Fuel Type: Rice Straw Test Date 30-Apr-92
Configuration: CRNF
————— Inlet Air —— Stack — - —-—- Iimpinger Outlet
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Figure 3.1.1.6. Conveyor speed and stack gas velocity, 30 April 82.

Fue! Type: Rice Straw Test Date 30-Apr-92
Configuration: CRNF
Conveyor Speed (m/min) — =~~~ Stack Velocity (mvs)
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Figure 3.1.1.7. Conveyor speed with 10 min moving average, 30 April 82.

Fuel Type: Rice Straw Test Date 30-Apr-92
Configuration: CRNF
Conveyor Speed (mv/min) g Conveyor Speed-10 pt. rolling
average
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Figure 3.1.1.8. Conveyor travel, 30 April 92.

Fuel Type: Rice Straw Test Date 30-Apr-92
Configuration: CRNF
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Figufe 3.1.1.9. CO concentration in stack gas, 30 April 82.

Fuel Type:
Configuration:

Rice Straw
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Figure 3.1.1.10. NO and NOx concentrations in stack gas, 30 April 92.

Fuel Type: Rice Straw Test Date

Configuration: CRNF
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Figure 3.1.1.11. SO2 concentrations in stack gas, 30 April 92.

Fuel Type:
Configuration:

Rice Straw
CRNF

Test Date

30-Apr-92
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Figure 3.1.1.12. Total sulfur concentration in stack gas, 30 April 82.

Fuel Type: Rice Straw Test Date 30-Apr-92
Configuration: CRNF
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Figure 3.1.1.13. Particle size distribution, traverse 1, 30 April 82.

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

Particle Size Distribution
Traverse 1:

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

1 14.20 0.6 6.8 1.000
2 7.96 0.4 6.2 0.912
3 4.24 04 5.8 0.853
4 224 0.2 54 0.794
5 1.29 03 52 0.765
6 0.76 04 4.9 0.721
7 0.40 04 4.5 0.662
fiter 0.00 4.1 41 0.603
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Figure 3.1.1.14. Particle size distribution, traverse 2, 30 April 92.

Fuel: Rice Straw Date of Test: 30-Apr-92
Configuration: CRNF
Particle Size Distribution
Traverse 2:
Stage ECD (um)  Weight (mg) Cum. Wt (mg) Cum. Fraction
1 14.42 0.3 6.4 . 1.000
2 8.08 0.3 6.1 0.953
3 4.31 0.2 5.8 0.906
4 2.28 0.2 5.6 0.875
5 1.3 0.2 54 0.844
6 0.77 04 52 0.813
7 0.40 0.3 4.8 0.750
fiter 0.00 45 4.5 0.703
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Figure 3.1.1.15. Nitrogen balance.
Date of Test:
Fuel

30-Apr-92
Rice Straw

Nitrogen




Figure 3.1.1.16. Sulfur balance.

Date of Test:
Fuel

30-Apr-92
Rice Straw

Sulfur

S02
72%




Table 3.1.2.1

Fuel and Ash Analyses
Run Date

Fuel Type

Sample Type

Uttimate Analysis

(% dry weight)
c
H
N

Elamental Analysis

(% by waeight 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)

9-Jun-82
Rice Straw
Fuel

37.96
5.65
0.54

0.80
0.05
0.93
024
0.16
0.07
0.22

668
25

552
336

46.04

16.16
71.04
12.80

15.7382

9-Jun-92
Rice Straw
Ash

9.93
0.80
0.20

0.33
0.28
ase2
112
0.63
0.43
0.56

859
16
75

3,150
1,190
10

18.23

86.38
9.89
3.73

3.8034



Table 3.1.2.2. Operating conditions and concentrations*, rice straw, 9 June 92.

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

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

Traverse 1 Traverse 2 Traverse 3
Mean Values
Air Temperature (°C) 27.99 31.36 34.05
Air Relative Humidity (%) 43.10 35.82 2923
inlet Air Temperature (°C) 3434 36.79 38.96
Stack Temperature (°C) 67.02 73.89 8427
impinger Outlet Temperature (°C) 20.05 22 .60 29.30
Fire Spreading Rate (m/min) 0.91 0.90 1.16
Stack Gas Velocity (m/s) 1.87 1.95 1.98
Gas and PM Concentrations (less background)
CO (ppmv) 80.03 82.16 108.59
NO (ppmv} 7.64 7.29 8.72
NOx (ppmv) 8.63 8.15 9.51
SO2 (ppmv) 1.49 1.41 1.71
HC (ppmv as CH4 by GC) 4.89 410 5.18
CH4 (ppmv by GC) 417 3.58 4.57
NMHC (ppmv as CH4 by GC) 0.73 0.53 0.61
CO2 (ppmv by GC) 2652 3695 3629
Total S (ppmv as SO2) 2.41 2.28 2.54
PM" (mg/cu.m) 5.49 5.61 2.87
PM10* (mg/cu.m) 527 5.39 272
PM2.5* (mgfcu.m) 4.82 514 2.41

*Total filters installed improperly. See Tabile 3.1.2.3 for corrected values.



Table 3.1.2.3. Operating conditions and concentrations, rice straw, 9 June 92,

Fuel: Rice Straw Date of Test: 9-Jun-92
Configuration: CRNF
Fuel Loading Rate (¢9/sq.m w.b.): 680
Total Fuel Consumption (kg w.b.] 246.3
Total Ash Recovered (kg w.b.) 50.0
Ash Fraction (w.b.) 0.20
Total fitters for PM installed improperly.
Traverse 1 Traverse 2 Traverse 3
Mean Values
Air Temperature (°C) 2799 31.36 34.05
Air Relative Humidity (%) 43.10 35.82 29.23
Inlet Air Temperature (°C) 34.34 36.79 38.96
Stack Temperature (°C) 67.02 7389 84.27
Impinger Outlet Temperature (°C) 20.05 22.60 29.30
Fire Spreading Rate (m/min) ' 0.91 0.90 1.15
Stack Gas Velocity (nvs) 1.87 1.95 1.98
Gas and PM Concentrations (less background)
CO (ppmv) 80.03 82.16 108.59
NO (ppmv) , 7.64 7.29 8.72
NOX (ppmv) 8.63 8.15 9.51
S02 (ppmv) 1.49 1.41 1.71
HC (ppmv as CH4 by GC) 4.89 4.10 5.18
- CH4 (ppmv by GC) 417 358 4.57
NMHC (ppmv as CH4 by GC) 0.73 0.53 0.61
€02 (ppmv by GC) 2652 3695 3629
Total S (ppmv as SO2) 241 2.28 2.54
PM* (mg/cu.m) : 11.65 9.50 15.06
PM10* (mg/cu.m) 11.18 9.26 14.34
PM2.5* (mg/cu.m) 10.24 8.74 12.65

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



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

Fuel: Rice Straw Date of Test: g-Jun-92
Configuration: CRNF
Mass Balance
Traverse 1 Traverse 2 Traverse 3
Total Conveyor Travel (m) 43.70 43.08 55.15
Fuel Moisture Content (% w.b.) 8.6 9.1 8.3
Fuel Loading Rate (g/sq.m d.b.) 622 618 624
Total Fuel Consumption (g w.b.) 36,231 35,718 45,720 .
Total Fuel Consumption (g d.b.) 33,115 32,468 41,925
Residual Ash (g w.b.) 7,356 7,252 9,283
Fuel Vaporized (g w.b.) 28,875 28,466 36,437
Fuel Consumption Rate (g/s w.b.) 12.58 12.40 15.87
Fuel Consumption Rate (g/s d.b.) 11.50 11.27 14.56
Ash Generation Rate (g/s w.b.) 2.55 2.52 3.22
Fuel Vaporization Rate (g/s w.b.) 10.03 9.88 12.65
Stack Gas Density (kg/cu.m) 1.0390 1.0184 0.9888
Stack Gas Flow Rate (cu.nvs) 2.78 2.90 2.94
Stack Gas Mass Flow Rate (kg/s) 2.89 295 2.9
Inlet Air Mass Flow Rate (kg/s) 2.88 2.94 2.89
Overall Air-Fuel Ratio (w.b.) 228.92 237.34 182.34
Overall Air-Fuel Ratio (d.b.) 250.46 261.10 198.85



"jopedwi apesses Wol SUCHBIUaIUoS Wd Apedoldwi pejje)sul sia)il [e10 L,

29L'¥ 166V 256'9 0
€010 ¥90°0 €800 €940 (wri) gvinn
1020 9120 2610 ¥120 «S2Nd
1220 S¥2'0 £02°0 €£2°0 WOLAd
9€2°0 1520 8020 A JWAd
90 00 29'0 29'0 S 18101208
92410 ELIO ZELO €EL0 (20s se) s jejoL
Zee6hl 996601 0.8'9¥1 LEL 1O (09 A9) 202
8000 1000 8000 0100 (09 Aq) JHWN
£50°0 0500 2500 8500 (09 AQ) YHO
1900 1500 6500 8900 (09 Aq vHO s®) OH
180°0 8200 2800 2800 208
2ee0 LIEO ovE'0 rye0 (2ON se) xON
¥61°0 S8L'0 8610 6610 ON
90 1802 2602 6264 02

‘ebelaAy € 8Ssl18Ael] ¢ 8slanel| | 8siaAes]
siseg pajelfiou
{'q'p ssew |8n} JO ;) SI0JIE4 LUOISSILT

4NHD :uoyeinByuon

26-unp-6 1158 jo ejeq MeNg a0l ‘lend

‘(s158q peviBolu]) Z6 SUNr 6 ‘MBS 93| ‘510)08) UCISSIWT ‘ST 1T O|qeL



-10)0edW| 9peoses Wol) SUojRIuUacuod Wd Apjadoidun pajeisul siallj [ejo],

29y 166'F 256'9 o
£0L0 ¥90°0 £80°0 €910 (wr) Qv
2020 9120 2610 ¥120 5 2Nd
1220 1A €020 £€2°0 LOLNd
9€2'0 1520 8020 ereo WNd
€90 190 290 290 S [e101L20S
9210 2o 2eL0 ¥EL0 (20s se) s [ej0)
22E611 996°604 0/8°9v4 el 1ot (09 Aq) 200
8000 1000 8000 0100 (09 Ag) DHAN
€500 050°0 2500 8500 (09 Aq) ¥HD
1900 1500 6500 8900 (09 Aq ¥HO se) OH
0800 S/0°0 2800 €800 20S
82€0 10E0 6€€0 e (20N s®©) XON
2610 0810 1610 6610 ON
8€0°2 ¥60°2 8202 Az 0D

Mmm._m>< € 8sloAel ) ¢ 9Sl9AEel| | 9sleAel |
siseq abesony
('q'p ssew |on} Jo °,) s10}oe4 UOISSILT
ANYD ‘uoyjeinbyuoc)
26-unr-6 Jsa] Jo ajeq en4

‘(s|seq ebeieAe) Zg sunp 6 ‘Mells @oH ‘s10J08} Uo|ssiwg ‘9'T I'E elqel



Table 3.1.2.7. Carbon balance.

Date of Test:
Fuel

Carbon Balance

Dry Fusl 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 (pprmv) .
Average CO concentration (pprmv}
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

HC (as CH4)

PM*

Emission Factors (% Integrated Basis):
coz

co

HC (as CH4)

PM*

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

9-Jun-92
Rice Straw
Traverse 1

11.50
255
2217
37.96
8.93
411
131.11
1.04
2,652
80.03
4.89
11.65
39.44
4.59
67.02
20.05
9.21
2.34

101.131
1.842
0.068
0.243

101.131
1.929
0.068
0.243

80
80

9-Jun-92
Rice Straw
Traverse 2

11.27
2.62
22.36
37.96
9.83
4,03
131.05
1.02
3,695
82.16
4.10
9.50
40.98
3.89
73.89
22.60
7.87
1.70

146.87
2.078
0.059
0.208

146.87
2.092
0.059
0.208

115
115

9-Jun-92
Rice Straw
Traverse 3

14.56
3.22
22.12
37.86
9.93
5.21
131.13
0.99
3,620
108.59
5.18
15.06
37.90
5.71
84.27
29.30
11.80
2.28

109.966
2.094
0.057
0.257

109.966
2.087
0.057
0.257

87
87

*PM concentrations from cascade impactor

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



Table 3.1.2.8. Nitrogen balance

Date of Test: 8-Jun-92 9-Jun-92 9-Jun-92
Fuel Rice Straw  Rice Straw  Rice Straw
Traverse 1  Traverse 2  Traverse 3
Nitrogen Balance
Fuel Nitrogen Concentration (% dry weight) 0.60 0.80 0.80
Ash Nitrogen Concentration (% weight) 0.33 0.33 0.33
Emission Factors (% Average Basis):
NOx (as NO2) 0.344 0.339 0.301
PM* 0.243 0.208 0.257
Emission Factors (% Integrated Basis).
NOx (as NO2) 0.344 0.34 0.311
NO3- Concentration of PM*™* (% weight) 0.1490 0.1852 0.1128
NH4+ Concentration of PM** (% weight) 1.4291 1.208 1.650
Nitrogen Concentration of PM (%) 1.145 0.982 1.309
Fusl Nitrogen (mg/s) 69.00 67.62 87.36
Ash Nitrogen (mg/s) 8.42 . 8.32 10.63
Nitrogen as NOx {mg/s Average Basis) 12.04 11.63 13.34
Nitrogen as NOx (mg/s Integrated Basis) 12.04 11.66 13.78
Nitrogen as PM (mg/s Average Basis) 0.32 0.23 0.49
Nitrogen as NOx+PM (mg/s Average Basis) 12.36 11.86 13.83
Nitrogen as NOx+PM (mg/s Integrated Basis) 12.36 11.89 14.27
NOx+PM Nitrogen/Fuel Nitrogen (Average) 0.179 0.175 0.158
NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 0.179 0.176 0.163
Ash Nitrogen/Fuel Nitrogen 0.122 0.123 0.122
Ash+NOx+PM Nitrogen/Fuel Nitrogen (Average) 0.301 0.298 0.280
Ash+NOx+PM Nitrogen/Fuel Nitrogen (Integrated) 0.301 0.299 0.285

*PM concentrations from cascade impactor

** pverage of Traverses 2 and 3 used for Traverse 1.



Table 3.1.2.9. 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)
so2

. PM*

Emission Factors (% Integrated Basis)
sO2

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

Ash Suffur (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)
$02+PM Sulfur/Fuel Sulfur {integrated Basis)
Ash Sulfur/Fuel Sulfur

Closure (% Average Basis}

Closure {% Integrated Basis)

9-Jun-92
Rice Straw
Traverse 1

668
859

0.083
0.243

0.082

1.017
7.68
2.19
477
4.72
0.28
5.06
5.00

0.658

0.651

0.285

84
94

9-Jun-92
Rice Straw
Traverse 2

668
859

0.082
0.208

0.082

1.165
7.53
2.16
4.62
4.62
0.27
4.89
4.89

0.650

0.650

0.288

94
94

9-Jun-92
Rice Straw
Traverse 3

668
859

0.075
0.257

0.078

0.868
8.73
277
5.46
5.68
0.32
5.78
6.00

0.595

0.617

0.284

88
80

*PM concentrations from cascade impactor

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



Table 3.1.2.10. Water balance.

Estimated Stack Humidity
Fuel Rice Straw
Configuration CRNF
Date of Test 9-Jun-92
Traverse 1 Traverse 2 Traverse 3
Ambient Air Temperature °C) 28 31 34
Ambient Air Relative Humidity (%) 43 36 29
Air Temperature (K) 301 305 307
Saturation Pressure (Pa) 3,780 4,589 5,339
Vapor Pressure (Pa) 1,629 1,644 1,561
Air Dew Point Temperature (°C) 14.3 145 13.7
Ambient Volume Fraction Water Vapor 0.0161 0.0162 0.0154
Ambient Mass Fraction Water Vapor 0.0100 0.0101 0.0096
" Fuel Bumning Rate (g/s wet basis) 12.58 12.40 15.87
Fuel Moisture Content (%) 8.6 9.1 8.3
Ash Fraction (wet basis) 0.20 0.20 0.20
Fuel Hydrogen Content (%) 5.65 5.65 5.65
Ash Hydrogen Content (%) 0.80 0.80 0.80
Moisture Evaporated (g/s) 1.08 1.13 1.32
Water of Combustion (g/s) 5.67 5.55 747
Total Fuel Water Added (g/s) 6.75 6.68 8.49
Inlet Air Mass Flowrate (g/s) 2,880 2,940 2,890
Inlet Air Water Vapor Flowrate (g/s) 29 30 28
Total Stack Water Vapor Flowrate (g/s) 35 " 36 36
Stack Gas Mass Flowrate (g/s) 2,890 2,950 2,903
. Mass Fraction Water Vapor in Stack 0.0123 0.0123 0.0124
Volume Fraction Water Vapor in Stack 0.0198 0.0198 0.0200
Stack Vapor Pressure (Pa) 2,005 2,008 2,031
Stack Temperature (°C) 67 74 84
Stack Temperature (K) 340 347 357
Stack Saturation Pressure (Pa) 27,390 36,835 56,228
Stack Relative Humidity (%) 7 5 4
Stack Dew Point Temperature (°C) 17.6 17.6 17.8
impinger Outlet Temperature (°C) 201 226 28.3
Volume Stack Gas Sampled for PM (L) 492 410 418
Estimated Impinger/Desiccant Weight Gain (@) 7.3 6.0 6.1
Totals:
Estimated Measured
Total Impinger/Desiccant Weight Gain (g) 194 244
Estimated/Measured Weight Gain 0.80



Table 3.1.2.11. 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)

*PM concentrations from cascade impactor

9-Jun-92
Rice Straw
Traverse 1

15.7392
3.8034
171.3

23
0.4
0.4
168.2
138.0
2,89
67.02
3434
95.0
73.2

9-Jun-92
Rice Straw
Traverse 2

15.7392
3.8034
167.8

24
0.4
03
164.7
135.1
2.95
73.89
36.79
110.1
54.6

9-Jun-92
Rice Straw
Traverse 3

15.7392
3.8034
216.8

KR
0.5
0.5
212.9
174.8
2.9
84.27
38.96
1326
80.3



Table 3.1.2.12. Mass concentrations {%) from DR filter samples

Date g-Jun-92 g-Jun-82

Fuel Rice Straw Rice Straw

Contiguration CRNF CRNF

Size Fraction PM2.5 PM10

Tetlon Fitter ID ABTT005 ABTT006

Quartz Fitter ID ABTQ005 ABTQU06

Tetion Fiekd Sample Flag

Quanz fiekd sample field

Teflon mass sample flag 3 3

Quanz mass sampie flag

Anions sampie flag

Ammonium analysis flag

Sodium ion analysis flag

Magnesium ion analysis flag

Potassium lon analysis flag

Carbon analysis flag

XRF analysis flag 3 13

tUncertai +Uncertail

Teflon sample volume (m*3) 020 0.01 0.20 0.01

Guartz sampie volume {m”"3) 0.20 0.01 020 0.01

Teflon mass concentration (pg/nv3) 6,715 345 8,990 456

Concentration (%) Uncerainty Concentration (%) tUncentainty  PM2 5PM10

C- 216920 1.8057 17.5041 1.4507 124
NO3- 0.2010 0.0546 0.1852 0.0415 1.09
SO4= 47185 05043 3.7087 0.3846 127
NH4+ 1.5546 0.1232 1.2082 0.0946 129
Na+ 2.1694 0.1874 1.8593 0.1427 1.31
K+ 148372 1.1354 11.3585 0.8587 132
Clorg)} 14.4346 15883 10.6260 1.1727 1.36
Cloht) 11.5767 1.9550 9.2311 1.5444 125
Cle) 403262 3.8376 30.3560 2.8809 133
C(eht) 1.1541 0.7 M 1.3904 0.8541 0.83
c 54,7548 40.9820 1.34
Al 0.0000 0.1055 0.0000 0.1113

Si 1.1978 0.1072 5.6503 0.4060 021
P 0.0000 0.2855 0.0000 0.2251

s 1.6223 0.1682 14648  0.1269 1.39
cl 26.8385 1.9326 21.3030 15194 126
K 26.2048 1.8785 195218 1.3914 134
Ca 0.1869 0.3013 1.2078 0.1145 0.15
Ti 0.0000 0.0359 0.0046 0.0270 . 0.00
v - . 0.0000 0.0157 0.0000 0.0118

Cr 0.0015 0.0042 0.0042 0.0025 0.36
Mn 0.0403 0.0043 02893 0.0208 0.17
Fe 0.0373 0.0081 0.2459 o.01 0.15
Co 0.0011 0.0020 0.0014 0.0040 0.79
Ni 0.0009 0.0020 0.0024 0.0011 0.38
Cu 0.0034 0.0016 0.0035 0.0012 097
In 0.0901 0.0067 0.0698 0.0052 129
Ga 0.0012 0.0037 0.0017 ©.0028 0.71
As 0.0024 0.0049 0.0022 0.0036 1.09
Se 0.0024 0.0018 0.0015 0.0013 1.60
Br 0.0986 00074 0.0766 0.0057 1.30
Rb 0.0285 0.0028 0.0223 0.0022 132
Sr . 0.0021 0.0016 0.0104 0.0014 020
Y 0.0013 0.0030 0.0004 0.0022 325
Zr 0.0031 0.0024 0.0019 0.0018 1.63
Mo 0.0032 0.0054 0.0018 0.0039 1.78
Pd 0.0000 0.0278 0.0000 0.0204

AQ 0.0000 0.0307 0,0074 0.0237 0.00
cd 0.0040 0.0323 0.0070 0.0247 0.57
In 0.0087 0.0357 0.0044 0.0276 220
Sn 0.0030 0.0448 0.0000 0.0340

Sb 0.0000 0.0513 0.0000 0.0385

Ba 0.0767 01711 0.0837 0.1266 0.92
La 0.0000 02230 0.0058 0.1631 0.00
AU 0.0029 0.0072 0.0021 0.0054 1.38
Hg 0.0021 0.0051 0.0015 0.0037 140
Ti 0.0001 0.0047 0.0013 0.0035 0.08
Pb ' 0.0080 0.0047 0.0071 0.0035 127
U 0.0018 0.0067 0.0001 0.0050 18.00

Sum of measured spacies 1152679 4.9880 83.7427 3.7758 1.23



Table 3.1.2.13. Element ratios from DRI filter samples.

Date
Fuel
Configuration

Size Fraction
Teflon Fitter ID
Quarz Fitter ID

CI-Cl

K+

SuMate STotal S
ClorgyC

CX

CHK+

Cl-MNa+

SK

S/MNa+

AVSi

B-Jun-92 -Jun-92
Rice Straw Rice Straw
CRNF CRNF
PM25 PM10 PM2.5PM10
ABTT005 ABTT006
ABTQ005 ABTQO006
0.81 0.82 098
057 0.58 0.98
097 1.06 091
026 026 1.02
1.03 1.09 0.54
1.45 1.54 094
10.00 10.55 0.95
0.06 0.06 1.04
0.75 0.70 107
0.00 0.00



Table 3.1.2.14. Emission factors (mg/kg) from DRI filter samples.

Date g-Jun-92 8-Jun-92
Fual Rice Straw Rice Straw
Configuration CRNF CRNF
Size Fraction PM2.5 PM10

Teflon Fiter 1D ABTT005 ABTT006

Quartz Filer ID ABTQO005 ABTQO006

Start Time 14.01

Stop Time 1421

Stan Time

End Time

Elapsed Time (mimutes) 2

PM (mg/m”3, cascade impadior)

PM10 (mg/m*3, cascade impactor)

PM2.5 (mg/m"3, cascade impactor}

PM emission factor (%)

PM10 emission fador (%)

PM2 5 emission factor (%)

HUncertain _2Uncertainty
Teflon sample volume (m"3) 0.20 0.01 0.20 0.01
Quartz sample volume (m"3) 0.20 0.0 0.20 0.01
Telion mass concentration (mg/m3) 6.715 0.345 8.990 0.456
Telion mass/Total mass 0.768 0.871
Emission (mg/kg) Uncertainty _ Emission Uncentalil

Cl- 361.3204 34.6694 379.0516 29.4492
NOG- 3.3480 1.0483 40105 0.8425
SO4d= 78.6120 9.6826 80.3120 7.8074
NH4+ 25.8947 2.3654 26.1636 15204
Na+ 36.1354 3.5881 35,9322 2.8968
K+ 248.8067 21.7997 245.9036 174316
Clorg} 240.4350 30.4954 230.1062 23.8058
C(oht) 1928313 37.5360 199.8997 31.3513
Cle) 671.6075 73.6818 657.3598 58.4823
Cisht) 192237 13.6531 30.1081 17.3382
o] 912.0424 0.0000 867.4660 0.0000
Al 0.0000 2.0256 0.0000 22594
Si 19.9516 2.0582 122.3574 8.2418
P 0.0000 54816 0.0000 45695
S 27.0224 3.2204 25.2238 25761
Cl 448.7105 37.1059 481.3169 30.8438
K 436.4894 36.0672 4227471 28.2454
Ca 3.1132 5.7850 26.1549 2.3244
Ti 0.0000 0.6893 0.0996 0.5481
\ 0.0000 0.3014 0.0000 0.2395
Cr 0.0250 0.0806 0.0910 0.0508
Mn 0.8212 0.0826 6.2648 0.4222
Fe 0.6213 0.1747 5.3250 0.3837
Co 0.0183 0.0384 0.0303 0.0812
Ni 0.0150 0.0384 0.0520 0.0223
Cu 0.0566 0.0307 0.0758 0.0244
Zn 1.5008 0.1286 15115 0.1056
Ga 0.0200 0.0710 0.0368 0.0568
As 0.0400 0.0041 0.0476 0.0731
Se 0.0400 0.0346 0.0325 0.0264
Br 1.6500 0.1421 1.6588 0.1157
Rb 0.4914 0.0557 0.4829 0.0447
Sr 0.0350 0.0307 02252 0.0284
Y 0.0217 0.0576 0.0087 0.0447
Fig 0.0516 0.0461 0.0411 0.0365
Mo 0.0533 0.1037 0.0380 0.0792
Pd 0.0000 0.5338 0.0000 0.4141
Ag 0.0000 0.5894 0.1602 0.4811
cd 0.0666 0.6202 0.1516 05014
in 0.1616 0.6854 0.0953 0.5603
Sn 0.0500 0.8602 0.0000 0.6802
Sb 0.0000 0.9850 0.0000 0.7816
Ba 12776 3.2851 1.8125 2.5700
La 0.0000 42816 0.1256 3.3108
Au 0.0483 0.1382 0.0455 0.1096
Hg 0.0350 0.0979 0.0325 0.0751
T 0.0017 0.0902 0.0282 0.0711
Pb 0.1489 0.0902 0.1538 00711
U 0.0300 0.1286 0.0022 0.1015
Sum of measured species 1.920 96 2,030 72

PM2.5/PM10
095
0.83
0.98
0.99
1.01

0.16

1.07



Table 3.1.2.15. Mass concentrations (%) from DRI filter samples

Date 8-Jun-92 8-Jun-92
Fuel Rice Straw Rice Straw
CRNF CRNF
Size Fraction PM2.5 PM10
Teflon Filter 1D ABTTQ07 ABTT008
Quartz Fiter ID ABTQOO7 ABTQ008
Tefion Field Sample Flag
Quartz field sample field
Teflon mass sample flag 13
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
XRF analysis flag 3 3
_tuncontainty —Uncertainty
Tellon sample volume (M*3) 0.15 0.01 0.15 0.01
Quanz sample volume (M3) 0.15 0.01 0.15 0.01
Teflon mass concentration (Lg/m~3) 11,220 570 12.947 656
Concentration (%) _tUncertainty _Concantration (%) Hncertainty PM2.5/PM10
Ck 27.0602 22435 24.3318 20141 1.1
NO3- ‘ 0.1087 0.0427 0.1128 0.0373 0.96
SO4= 3.8185 0.4041 3.3256 0.3507 1.15
NH4+ 2.0544 0.1538 1.6499 0.1237 125
Na+ 1.4223 0.1230 1.2579 0.1085 1.13
K+ 18.9020 1.4308 16.1364 1.2190 117
C(org). 15.5351 1.6229 15.1110 1.5572 1.03
C{oht) 12.6604 2.0600 12.8669 2.0663 0.98
C(e) : 25.7576 2.4439 22.7909 2.1609 1.13
C(eht) 0.7071 0.4373 1.3182 0.8063 054
[#] 41.2027 37.9019 1.09
Al 0.0000 0.1136 0.0000 0.1102
Si 0.1320 0.1752 3.1818 0.2341 0.04
P 0.0000 0.3361 0.0000 0.2994
s 1.0302 0.1625 0.8677 0.1431 1.19
Cl 32.2827 2.3043 28.7716 2.0493 1.12
K 30.8311 2.1983 26.4814 1.8851 1.16
Ca 0.1101 0.3534 0.8867 0.1196 0.12
Ti 0.0054 0.0285 0.0000 0.0251
v 0.0034 0.0125 0.0000 0.0110
Cr 0.0022 0.0026 0.0041 0.0023 0.54
Mn 0.0283 0.0028 02343 0.0169 0.12
Fe 0.0189 0.0071 0.2636 0.0199 0.07
Co 0.0000 0.0015 0.0003 0.0042 0.00
Ni 0.0012 0.0012 0.0023 0.0011 0.52
Cu 0.0052 0.0013 0.0040 0.0011 1.30
Zn 0.0991 0.0031 0.0367 0.0029 1.07
Ga 0.0000 0.0029 0.0010 0.0025 0.00
As 0.0026 0.0033 0.0020 0.0033 1.30
Se 0.0014 0.0020 0.0010 0.0017 140
Br 0.1253 0.0091 0.1119 0.0081 1.12
Rb 0.0481 0.0040 0.0415 0.0035 1.16
Sr 0.0012 0.0017 0.0067 0.0012 0.18
Y 0.0008 0.0031 0.0013 0.0027 0.62
Zr 0.0000 0.0025 0.0021 0.0017 0.00
Mo 0.0000 0.0042 0.0000 0.0036
Pd 0.0000 0.0235 0.0076 0.0205 0.00
Ag 0.0013 0.0263 0.0087 0.0234 0.15
Cd 0.0000 0.0276 0.0000 0.0242
In 0.0000 0.0299 0.0036 0.0266 0.00
Sn 0.0091 0.0371 0.0000 0.0318
Sb 0.0000 0.0423 0.0000 0.0371
Ba 0.0282 0.1360 0.1040 00792 0.27
La 0.0000 0.1757 0.0189 0.1533 0.00
Au 0.0038 0.0052 0.0000 0.0046
Hg 0.0010 0.0040 0.0020 0.0035 0.50
T 0.0019 0.0038 0.0013 0.0033 1.46
Pb 0.0058 0.0037 0.0047 0.0032 123
1) 0.0000 0.0080 0.0000 0.0070
Sum of measwred species 109.5984 43770 1019753 3.8863 1.07



Table 3.1.2.16.

Date
Fue!
Configuration

Size Fraction
Teflon Filter ID
CQuartz Fiker ID

CHCI

K+/K

Sullate S/Total S
C(org)C

ClK

CHK+

Cl-Na+

SK

SMNa+

AUSi

Element ratios from DRI filter samples.

8-Jun-92 9-Jun-92
Rice Straw Rice Straw
CRNF CRNF
PM2.5 PM10 PM2.5/PM10
ABTT007 ABTTO08
ABTQO07 ABTQO08
084 085 0.99
0.61 0.61 1.01
124 128 097
038 0.40 0.94
105 1.09 0.86
1.43 1.51 095
19.09 19.34 0.98
0.03 0.03 102
0.72 0.69 1.05
0.00 0.00



Table 3.1.2.17. Emission factors (mg/kg) from DRI filter samples.

Date 9-Jun-92 8-Jun-92
Fue! Rice Straw Rice Straw
CRNF CRNF
Size Fraction PM2.5 __PMm10
Tefien Filter 1D ABTT007 ABTT008
Quartz Fiker ID ABTQ007 ABTQ008
Start Time 15:57
Stop Time 16:12
Start Time
End Time
Elapsad Time (mirtes) 15 Traverse 3
PM (mg/m3 by total filter) 15.060
PM10 (from DRI impactor) 14.340
PM2.5 (from DRI impactor) 12.650
PM emission factor (%) 0.257
PM10 emission factor (%) 0245
PM2.5 emission factor (%) 0.216
+Uncertai HUncertain
Tedlon sample volume (m"3) 0.15 0.01 0.15 0.01
Quartz sample volume (m"3) 0.15 0.01 0.15 0.01
Teflon mass concentration (mg/m3) 11220 0.570 12.947 0.656
Tetlon mass/Total mass 0.887 0.903
Emission (mg/kg)  HUncertainty Emission (mg/kg) #Uncerlainly PM2.5/PM10
Ccl- 533.3110 48.4596 584 5819 48.3455 091
NO3- 2.1423 0.9223 2.7101 0.9139 078
SO4= 75.2759 8.7206 79.8960 85922 0.94
NH4+ 40.4888 3.3221 30.6385 3.0307 1.02
Na+ 28.0311 2.6568 .2216 26583 0.93
K+ 372.5266 30.9010 387.6839 29.8655 0.96
C(org) 306.1707 35.0546 363.0482 38.1514 0.84
C{oht) - 2495152 44,4960 309.1328 50.6244 081
C(e) 507.6389 52.7882 547 5611 52.9421 0.93
C(eht) 13.9358 0.4457 31.6703 19.7544 0.44
[ 813.8096 0.0000 910.6083 0.0000 0.89
Al 0.0000 2.4538 0.0000 26999
Si : 26015 3.7843 76.4441 5.7355 0.03
P 0.0000 7.2598 0.0000 7.3353
S 20.3035 35100 20.8465 3.5080 0.97
Cl 636.2377 49.7729 691.2499 50.2079 0.92
K : 607.6201 47 5049 636.2265 46.1850 0.96
Ca 2.1699 7.6334 21.3033 2.9302 0.10
Ti 0.1064 06156 0.0000 0.6150
v 0.0670 0.2700 0.0000 0.2695
Cr 0.0434 0.0562 0.0985 0.0564 0.44
Mn 0.5577 0.0605 5.6292 0.4141 0.10
Fe 0.3725 0.1534 6.333t 0.4876 0.06
Co 0.0000 0.0324 0.0072 0.1029 0.00
Ni 0.0236 0.0259 0.0553 0.0270 043
Cu 0.1025 0.0281 0.0961 0.0270 1.07
Zn 0.7706 0.0670 0.8817 0.0711 087
Ga 0.0000 0.0626 0.0240 0.0613 0.00
As 0.0512 0.0821 0.0481 0.0809 107
Se 0.0278 0.0432 0.0240 0.0417 1.15
Br 2.46895 0.1966 26884 0.1985 092
Rb 0.9480 0.0864 0.9971 0.0858 0.95
Sr 0.0236 0.0367 0.1610 0.0294 0.15
Y 0.0158 0.0670 0.0312 0.0662 0.50
Zr 0.0000 0.0540 0.0505 0.0417 0.00
Mo 0.0000 0.0907 0.0000 0.0882
Pd 0.0000 0.507¢6 0.1826 0.5023 0.00
Ag 0.0256 05681 02090 05733 0.12
Cd 0.0000 05962 0.0000 0.5929
in 0.0000 06458 0.0865 0.6517 0.00
Sn 0.17¢3 0.8014 0.0000 0.7791
Sb 0.0000 09137 0.0000 0.5090
Ba 0.5558 29376 2.4986 1.9404 0.22
La 0.0000 3.7951 0.4541 3.7559 0.00
Au 0.0749 0.1123 0.0000 0.1127
Hg 0.0197 0.0864 0.0481 0.0858 0.41
TI 0.0374 0.0821 0.0312 0.0809 1.20
Pb 0.1143 0.0789 0.1129 0.0784 1.01
U 0.0000 0.1728 0.0000 0.1715
Sum of measured spacies 2,160 95 2,450 84 0.88



Table 3.1.2.18
VOC Concentrations (ppbv)

Date
Fuel
Traverse

9-Jun-92
Rice Straw
Traverse 1

9-Jun-92
Rice Straw
Traverse 2

9-Jun-92
Rice Straw
Traverse 3

Acetic acid
Propanone (acetone)

Methy! ester acetic acid {methylacetate)

Butane
Dimethyloxirane
Pentene

Methylbutanone (isopropylmethyl ketone)

Furancarboxaldehyde (furfural)
Benzene

Dimethylbutane

Hexane

Phenol

Dimethylfuran

2-methyl 2-cyciopenten-1-one
2-chloro phenol

Toluene

Benzonitrile

Benzaldehyde

Methyiphenol (hydroxy toluene)
Styrene

Xylene

Trimethylpantane

Benzofuran
Methoxymethylphenol (creosol}
Naphthalene

C10H12

Alpha-pinene

Camphene

A3-Carene

Limonens

No match r.1. (6.7)

No match r.t. (8.51)

No match r.t. (8.71)

No match r.t. (8.73)

No match r.1.(6.4)

No match r.t.(8.5)

36.3

19

7.7

259

14.3

33.9

25.6

10
6.8



Table 3.1.2.19.
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)

Methy! ester aceftic acid (methylacetate)
Butane

Dimethyloxirane

Pentene

Methylbutanone (isopropyimethyl ketone)
Furancarboxaldehyde (furfural)
Benzene

Dimethylbutane

Hexane

Pheno!

Dimethylfuran

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

Toluene

Benzonitrile

Benzaldehyde

Methylphenol (hydrexy toluene)
Styrene

Xylene

Trimethylpentane

Benzofuran
Methoxymethylphenol (creosol)
Naphthalene

Unknown

Alpha-pinene

Camphene

A3-Carene

Limonene

9-Jun-92
Rice Straw
Traverse 1
11.50

2.89

25

15

9-Jun-92
Rice Straw
Traverse 2
11.27

295

18

12

9-Jun-92
Rice Straw
Traverse 3
14.56

291

18

16
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Figure 3.1.2.1. Ambient air conditions, 9 June 92.

Fuel Type: Rice Straw Test Date 9-Jun-92
Configuration: CRNF
Air Temperature (°C) —-—-—- Air Relative Humidity (%)
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Figure 3.1.2.2. Air temperature and relative humidity from CIMIS station.
Fuel: Rice Straw Date of Test: 9-Jun-92

Configuration: CRNF
Hourly Average CIMIS Data for Davis, California
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Figure 3.1.2.3. Wind speed from CIMIS station.
Fuel: Rice Straw Date of Test: 9-Jun-92

Configuration: CRNF
Hourly Average CIMIS Data for Davis, California

—0—— Wind Speed (mv/s)
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Figure 3.1.2.4. Wind direction and solar radiation from CIMIS station.
Fuel: Rice Straw Date of Test: g-Jun-92

Configuration: CRNF
Hourly Average CIMIS Data for Davis, California
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Figure 3.1.2.5. Inlet air, stack gas, and impinger outlet temperatures, 9 June 92.

Fusel Type: Rice Straw Test Date 9-Jun-92
Configuration: CRNF
————— Inlet Air — Stack — -~ -—- |mpinger Outlet
Temperature Temperature Temperature
(°C) (°C) (°C)
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Figure 3.1.2.6. Conveyor speed and stack gas velocity, 9 June 82.

Fuel Type: Rice Straw Test Date 9-Jun-92
Configuration: CRNF
Conveyor Speed (m/min) —-—-—- Stack Velocity {m/s)
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Figure 3.1.2.7. Conveyor speed with 10 min moving average, 9 June 92.

Fuel Type: Rice Straw Test Date 9-Jun-92
Configuration: CRNF
Conveyor Speed (m/min) o Conveyor Speed--10 pt. rolling
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Figure 3.1.2.8. Conveyor travel, 9 June 92.

Fuel Type: Rice Straw Test Date 9-Jun-92
Configuration: CRNF
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Figure 3.1.2.9. CO concentration in stack gas, 9 June 92.

Fue! Type: Rice Straw Test Date 9-Jun-92
Configuration: CRNF
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Figure 3.1.2.10. NO and NOx concentrations in stack gas, 8 June 92.

Fusl Type: Rice Straw Test Date 9-Jun-92
Configuration: CRNF
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Figure 3.1.2.11. SO2 concentration in stack gas, 9 June 92.

Fuel Type: Rice Straw Test Date
Configuration: CRNF
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Figure 3.1.2.12. Total sulfur concentration in stack gas, 9 June 92.

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

Fuel: Rice Straw Date of Test: 9-Jun-82
Configuration: CRNF

Particle Size Distribution
Traverse 1:

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

1 15.06 0.4 9.9 1.000
2 8.43 0.4 9.5 0.960
3 450 0.4 9.1 0.919
4 2.38 0.5 8.7 0.879
5 1.37 0.5 8.2 0.828
6 0.81 0.6 7.7 0.778
7 0.42 0.9 7.1 0.717
filter 0.00 6.2 6.2 0.626
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Figure 3.1.2.14. Particle size distribution, traverse 2, 9 June 92.

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

Particle Size Distribution

Traverse 2:

Stage ECD (um)  Weight (mg) Cum. Wi {mg) Cum. Fraction

1 14.76 0.3 8.4 1.000
2 8.27 0.2 8.1 0.964
3 4.41 0.2 7.9 0.940
4 2.33 0.2 7.7 0917
8 1.34 . 04 75 0.893
€ 0.79 04 71 0.845
7 0.41 0.4 8.7 0.798
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Figure 3.1.2.15. Particle size distribution, traverse 3, 9 June 82.

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

Particle Size Distribution
Traverse 3:

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

1 16.17 0.6 11.1 1.000
2 9.06 0.8 105 0.946
3 4.83 0.4 97 0.874
4 2.55 0.6 9.3 0.838
5 1.47 0.4 8.7 0.784
6 0.86 0.2 8.3 0.748
7 0.45 0.5 8.1 0.730
fitter 0.00 7.6 7.6 0.685
1.000
//
0.950
0.900
-2 0.850 //
&
(TS
L 0.800 /
&
£ 0.750
e
§ 0.700
E
E 0.650
[$]
0.600
0.550
0.500
0.00 5.00 10.00 15.00 20.00
ECD (um)




Figure 3.1.2.16. Nitrogen balance.
Date of Test:
Fuel

9-Jun-92
Rice Straw

Nitrogen




Figure 3.1.2.17. Sulfur balance.
Date of Test:
Fuel

‘8-Jun-92
Rice Straw

Sulfur




2 Traverse 2

Figure 3.1.2.18. Mass fraction of PAH on primary filter samples, 9 June 1992, rice straw.
M Traverse 1
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Table 3.1.3.1

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 Value

(MJ/kg dry weight)

10-Jul-92
Rice Straw
Ash

9.82
0.66
0.18

0.32
0.20
2.79
1.23
0.67
0.17
0.39

" 830
16

88
3,790
702
10

16.79

86.05
11.01
2.94

2.7250



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

Fue!: Rice Straw Date of Test:
Configuration:

Fuel Loading Rate (g/sq.m w.b.): 637
Total Fuel Consumption (kg w.b.) 104.3
Total Ash Recovered (kg w.b.) 23.8
Ash Fraction (w.b.) 0.23

Traverse 1 Traverse 2
Mean Values
Air Temperature (°C) 3045 33.54
Air Relative Humidity (%) 19.97 20.36
Inlet Air Temperature (°C) 34.00 36.76
Stack Temperature (°C) 52.45 55.64
impinger Outlet Temperature (°C) 20.89 28.05
Fire Spreading Rate (m/min) 0.96 0.94
Stack Gas Velocity (m/s) 2.86 2.91
Gas and PM Concentrations (less background)
CO (ppmv) 75.42 75.85
NO (ppmv) 3.24 3.20
NOx (ppmv) 410 3.99
S02 (ppmv) 0.58 0.62
HC (ppmv as CH4 by GC) 1.83 1.76
CH4 (ppmv by GC) 1.68 1.64
NMHC (ppmv as CH4 by GC) 0.15 0.13
CcO2 (ppmv by GC) 2,286 2,416
Total S (ppmv as SO2) 0.40 0.35
PM (mg/cu.m) 6.07 1.78
PM10 (mg/cu.m) 5.89 1.78
PM2.5 (mg/cu.m) 5.61 1.70

10-Jul-92

CEWF



Table 3.1.3.3. Mass balance, rice straw, 10 July 92.

Fuel: Rice Straw Date of Test:
Configuration:

Mass Balance

Traverse 1 Traverse 2
Total Conveyor Travel (m) 47.04 45.31
Fue! Moisture Content (% w.b.) 7.7 8.6
Fuel Loading Rate (g/sq.m d.b.) 588 582
Total Fuel Consumption (g w.b.) 36,535 35,191
Total Fuel Consumption (g d.b.) 33,711 32,157
Residual Ash (g w.b.) 8,349 8,041
Fuel Vaporized (g w.b.) 28,186 27,149
Fuel Consumption Rate (g/s w.b.) 12.69 12.22
Fuel Consumption Rate (g/s d.b.) "7 1117
Ash Generation Rate (g/s w.b.) 2.90 2.79
Fuel Vaporization Rate (g/s w.b.) 9.79 9.43
Stack Gas Density (kg/cu.m) 1.0855 1.0749
Stack Gas Flow Rate (cu.m/s) 4.25 4.33
Stack Gas Mass Flow Rate (kg/s) 4.61 4.66
Inlet Air Mass Flow Rate (kg/s) 4.60 4.65
Overall Air-Fuel Ratio (w.b.) 362.76 380.35
Overall Air-Fuel Ratio (d.b.) 393.15 416.23

10-Jul-92
CEWF



Table 3.1.3.4. Emission factors, rice straw, 10 July 92 (integrated basis).

Fuel: Date of Test: 10-Jul-92
Configuration: CEWF

Emission Factors (% of fuel dry weight)
Integrated Basis

Traverse 1 Traverse 2 Average
cO 2.836 3.047 2.992
NO 0.135 0.138 0.137
NOx {as NO2) 0.263 0.264 0.263
s02 0.052 0.048 0.050
HC (as CH4 by GC) 0.040 0.041 0.040 -
CH4 (by GC) 0.036 0.038 0.037
NMHC (by GC) 0.003 0.003 0.003
CO2 (by GC) 136.651 152.884 144,768
Total S (as S02) - 0.036 0.032 0.034
S02/Total S 1.45 1.50 1.47
PM 0.199 0.063 0.131
PM10 0.193 0.063 0.128
PM2.5 0.184 0.061 0.122
MMAD (um) 0.085 0.156 0.120
o] 4141 2.382



Table 3.1.3.5. Emission factors, rice straw, 10 July 92 (average basis).

Fuel: Date of Test: 10-Jul-92
Configuration: CEWF

Emission Factors (% of fuel dry weight)
Average Basis

Traverse 1 Traverse 2 Average
co 2.869 3.054 2.962
NO 0.132 0.138 0.135
NOx (as NO2) 0.256 0.264 0.260
S02 0.051 0.048 0.049
HC (as CH4 by GC) 0.040 0.041 0.040
CH4 (by GC) 0.036 0.038 0.037
NMHC (by GC) 0.003 0.003 0.003
CO2 (by GC) 136.651 152.884 144.768
Total § (as SO2) 0.035 0.032 0.034
S02/Total S 144 1.50 1.47
PM 0.199 0.063 0.131
PM10 0.193 0.063 0.128
PM2.5 0.184 0.061 0.122
MMAD (pm) 0.085 0.156 0.120
o 4141 2.382



Table 3.1.3.6. Carbon balance.

Date of Test:
Fuel

Carbon Balance

Dty 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 (nvs}

Emission Factors (% Average Basis):
coz

co

HC (as CH4)

PM

Emission Factors (% Integrated Basis):
co2

co

HC (as CH4)

PM

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

10-Jul-92
Rice Straw
Traverse 1

11.71
2.90
24.77
37.99
9.82
4.16
130.38
1.09
2,286
75.42
1.83
6.07
36.77
2.23
52.45
20.89
4.49
2.63

136.651
2.869
0.04
0.199

136.651
2.936
0.04
0.199

109
108

10-Jul-92
Rice Straw
Traverse 2

1117
2.79
24.98
37.99
9.82
3.97
130.30
1.07
2,416
75.85
1.76
1.78
36.77
0.65
55.64
28.05
1.35
2.41

152.884
3.054
0.041
0.063

152.884
3.047
0.041%
0.063

121
121

*Fuel analysis from run of 14 July 92.



Table 3.1.3.7. Nitrogen balance
Date of Test:
Fuel

Nitrogen Balance

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

Emission Factors (% Average Basis):
NOx (as 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 Nitrogen/Fuel Nitrogen (Integrated)

10-Jul-92
Rice Straw
Traverse 1

0.70
0.32

0.256
0.198

0.263

0.273
8.386
6.584
81.97

9.28

9.12

9.37

1.63
10.66
10.91
0.130
0.133
0.113
0.243
0.246

10-Jul-92
Rice Straw
Traverse 2

0.70
0.32

0.264
0.063
0.264
0.273

8.386
6.584

*Fue! analysis from run of 14 July 92.



Tabie 3.1.3.8. Sulfur balance.
Date of Test:
Fuel

Sulfur Balance

Fue! Sulfur Concentration* {mg/kg dry weight)
Ash Sulfur Concentration {mg/kg weight}

Emission Factors (% Average Basis)
802

PM

Emission Factors (% Integrated Basis)
S02

Sulfur Concentration of PM (% weight)

Fue! Sulfur {mg/s)

Ash Sulfur (mg/s)

Sulfur as SO2 (mg/s Average Basis)

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

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

Closure {% Average Basis)

Closure (% Integrated Basis)

10-Jul-92
Rice Straw
Traverse 1

720
830

0.051
0.199

0.052

1.073
8.43
2.41
2.99
3.04
0.25
3.24
3.29

0.384

0.391

0.285

67
68

10-Jul-92
Rice Straw
Traverse 2

720
830

0.048
0.063

0.048

1.073
8.04
2.32
2.68
2.68
0.08
2.76
2.76

0.343

0.343

0.288

63
63

*Fuel analysis from run of 14 July 82.



Table 3.1.3.9. Water balance.

Estimated Stack Humidity
Fuel Rice Straw
Configuration CEWF
Date of Test 10-Jul-92

Traverse 1 Traverse 2
Ambient Air Temperature °C} 30 34
Ambient Air Relative Humidity (%) 20 20
Air Temperature (K) 304 307
Saturation Pressure (Pa) 4,357 5,189
Vapor Pressure (Pa) 870 1,056
Air Dew Point Temperature (°C) 5.0 7.8
Ambient Volume Fraction Water Vapor 0.0086 0.0104
Ambient Mass Fraction Water Vapor 0.0053 0.0065
Fuel Bumning Rate (g/s wet basis) 12.69 12.22
Fuel Moisture Content (%) 7.7 8.6
Ash Fraction (wet basis) 0.23 0.23
Fuel Hydrogen Content (%) 5.27 5.27
Ash Hydrogen Content (%) 0.66 0.66
Moisture Evaporated (g/s) 0.98 1.05
Water of Combustion (g/s) 5.38 513
Totat Fuel Water Added (g/s) 6.36 6.18
Inlet Ait Mass Flowrate (g/s) 4,600 4,650
Inlet Air Water Vapor Flowrate {g/s} 25 30
Total Stack Water Vapor Flowrate (g/s) 3 36
Stack Gas Mass Flowrate (g/s) 4,610 4,659
Mass Fraction Water Vapor in Stack 0.0067 0.0078
Volume Fraction Water Vapor in Stack 0.0108 0.0125
Stack Vapor Pressure (Pa) 1,093 1,271
Stack Temperature (°C) 52 56
Stack Temperature {K) 326 329
Stack Saturation Pressure (Pa) 13,832 16,249
Stack Relative Humidity (%) 8 8
Stack Dew Point Temperature (°C) 8.3 105
impinger Outlet Temperature (°C) 20.9 28.1
Volume Stack Gas Sampled for PM (L) 577 619
Estimated Impinger/Desiccant Weight Gain @ 4.6 57
Totals:

Estimated Measured

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



Table 3.1.3.10. Power balance.

Date of Test:
Fuel

Power Balance

Fus! 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)

10-Jui-92
Rice Straw
Traverse 1

15.7392
2.7250
176.4

3.4
0.3
0.3
172.5
1415
4.61
52.45
34.00
85.6
86.9

10-Jul-92
Rice Straw
Traverse 2

15.7392
2.7250
168.2

3.4
03
0.1
164.4
134.9
4.66
55.64
36.76
88.5
75.9



Table 3.1.3.11. Mass concentrations (%) from DRI filter samples

Dale 10-Jul-82 10-Jul-92
Fuel Rice Straw Rice Straw
CEWF CEWF
Size Fraction PM2.5 PM10
Teflon Filter ID ABTTO15 ABTTO016
Quartz Filter ID ABTQO15 ABTQO16
Tetlon Field Sample Flag
Quartz field sample field
Teflon mass sampie flag i
Quartz mass sample flag
Anions sample flag
Ammonium analysis flag
Sodium ion analysis flag
Magnesiumn ion analysis flag
Potassium ion analysis fiag
Carbon analysis flag
XRF analysis flag
Uncerainty HUncenai
Tetion sampie volume (m3) 0.20 0.02 0.30 0.02
Quartz sample volume (m"3) 0.30 0.01 0.30 0.02
Teflon mass concentration {ug/m*3) 3373 176 3,890 20
Concentration (%) #Uncertainty _Concentralion (%) _#Uncertainty PM2.5/PM10
Ck 295868 2.4839 27.0972 2.2625 1.08
NO3- 02905 0.0736 02725 0.0637 1.07
SO4= 3.7961 0.2901 3.3181 0.2518 1.14
NH4+ 9.8091 0.7329 8.3857 0.7413 1.17
Na+ 1.3184 0.1183 1.1683 0.1041 1.13
K+ 9.7266 0.7472 8.7208 0.6656 1.12
Clorg) 20.2675 22217 19.3878 2.0797 1.05
Cooht) 14.5085 2.8377 15.6962 2.6021 0495
Cile) ' 18.8745 1.8098 17.3779 1.6614 1.00
Cleht) 0.6288 0.4024 0.8655 0.5375 073
o] 39.1420 36.7657 1.06
Al 0.0000 0.1276 0.0000 0.1200
Si 0.1573 0.2000 1.8673 0.1603 0.08
P 0.0000 0.3779 0.0000 0.3450
s ’ 11713 0.1837 1.0728 0.1876 1.09
Cli 36.2467 2.6253 33.0953 2.3835 1.10
K 15.6472 1.1335 14,5331 1.0468 1.08
Ca 0.0514 0.1811 02210 0.0590 023
Ti 0.0000 0.04%0 0.0147 0.0424 0.00
v 0.0000 0.0215 0.0002 0.0186 0.00
Cr 0.0002 0.0059 0.0011 0.0052 0.18
Mn 0.0127 0.0032 0.0835 0.0068 0.15
Fe 0.0969 0.0119 02555 0.0211 0.14
Co 0.0001 0.0027 0.0000 0.0046
Ni 0.0000 0.0029 0.0012 0.0025 0.00
Cu 0.002¢ 0.002% 0.0028 0.0018 1.04
2n 0.0304 0.0032 0.0305 0.0030 1.00
Ga 0.0000 0.0053 0.0000 0.0045
As 0.0008 0.0065 0.0016 0.0056 0.50
Se 0.0004 0.0036 0.0016 0.0031 0.25
Br 0.1178 0.0090 0.1136 0.0085 1.04
Rb 0.0146 0.0027 0.0146 0.0025 1.00
Sr 0.0000 0.0032 0.0012 0.0028 0.00
Y 0.0006 0.0039 0.0019 0.0034 0.32
Zr 0.0081 0.0033 0.0018 0.0041 3.39
Mo 0.0036 0.0080 0.0036 0.0068 1.00
Pd 0.0000 0.0367 0.0000 0.0319
Ag 0.0000 0.0420 0.0078 0.0372 0.00
Cd 0.0000 0.0438 0.0000 0.0380
In 0.0032 0.0487 0.0000 0.0436
Sn 0.0000 0.0603 0.0004 0.0531 0.00
Sb 0.0033 0.0706 0.0149 0.0618 0.22
Ba 0.137¢9 0.2386 0.0000 0.2062
La 0.0000 0.3170 0.0314 0.2758 0.00
Au ) 0.0000 0.0080 0.0000 0.0077
Hyg 0.0019 0.0075 0.0000 0.0063
T 0.0027 0.0070 0.0022 0.0059 1.23
Pb 0.0032 0.0082 0.0037 0.0079 0.85
u 0.0026 0.0077 0.0010 0.0067 260

Sum of measured species 104.2160 4.1698 98.0693 3.8408 1.06



Table 3.1.3.12. Element ratios from DRI filter samples.

Date
Fuel
Contiguration

Size Fraction
Tetion Fitter 1D
Quastz Fitter ID

CH/ICI

K+X

Sutiate S/Total S
Clorg)C

CWKX

CHK+

ChMNa+

SK

SMNa+ -

AlSI

10-Jul-92 10-Jul-82
Rice Straw Rice Straw
CEWF CEWF
PM2.5 PM10 PM2.5/PM10
ABTT015 ABTTO16
ABTQO15 ABTQO16
0.82 0.82 1.00
0.62 0.60 1.04
1.08 1.03 1.05
0.52 0.53" 0.98
2.3 228 1.02
3.04 an 0.98
22.44 23.19 0.97
0.07 0.07 1.01
0.89 0.92 097
0.00 0.00



Table 3.1.3.13. Emission factors (mg/kg) from DRI filter samples.

Date 10-Jul-92 10-Jul-92
Fuel Rice Straw Rice Straw
CEWF CEWF
Size Fraction PM2.5 PM10
Teflon Filter ID ABTTO01S ABTTO16
Quariz Fitter ID ABTQO15 ABTQO16
Start Time 10:15
Stop Time 10:45
Stant Time
End Time
Elapsed Time (minutes) i) Traverse 1
PM (mg/m”3 by lotal filter) 6.070
PM10 (by total fikerAmpactor) 5.890
PM2.5 (by total filterAimpactor) 5610
PM emission factor (%) 0.199
PM10 emission lactor (%) 0.183
PM2.5 emission factor (%) 0.184
HUncertail Uncertainty
Tetlon sample volume (m*3) 0.30 0.02 0.30 0.02
Quartz sample volume (M"3) 0.30 0.01 0.30 0.02
Teflon mass concentration (mg/m"3) 3373 0.176 3.890 0.201
Teflon mass/Total mass 0.601 0.660
Emission (mg/kg) Uncenainty Emission (mg/kg) iUncertainty PM2.5PM10
Ct - 522.3738 45,7038 533.2718 43.6663 0.98
NO3- 5.1280 1.3542 5.3628 1.2294 0.96
SO4= 67.0226 5.3378 65.3001 4.8597 103
NH4+ 173.1859 13.4854 165.0302 14.3071 1.05
Na+ 2327712 21767 22.9921 2.0091 1.01
K+ 171.7283 13.7485 1716250 12.8461 1.00
Clorg) 357.8356 408793 381.5511 40,1382 094
C(oht) 263.2367 46.6937 308.9006 502205 085
Cle) 333.2413 33.3003 341.9964 32.0650 0.97
C(eht) 11,1018 7.4042 17.0330 10.3738 0.65
[+ 691.0770 0.0000 723.5475 0.0000 0.96
Al 0.0000 2.3478 0.0000 2.3160
Si T2 3.6800 38.7164 3.0938 0.07
P 0.0000 6.9534 0.0000 6.6585
S 20.6800 3.3801 211127 3.2347 0.98
Ci 639.9586 48.3055 651.3142 46.0016 0.88
K : 276.2613 20.8564 286.0108 20.2032 0.97
Ca 08075 3.3322 43493 1.1387 021
Ti 0.0000 0.9016 02303 0.8183 0.00
v 0.0000 0.3956 0.0039 0.3590 0.00
Cr 0.0035 0.1086 0.0216 0.1004 0.16
Mn 0.2242 0.0589 1.6433 0.1312 0.14
Fe 0.8515 0.2180 5.0282 0.4072 0.13
Co 0.0018 0.0487 0.0000 0.0888
Ni 0.0000 0.0534 0.0236 0.0483 0.00
Cu 0.0512 0.0386 0.0551 0.0347 0.93
Zn 0.5387 0.0589 0.6002 0.0579 0.89
Ga 0.0000 0.0975 0.0000 0.0869
As 0.0141 0.119¢6 0.0315 0.1081 0.45
Se 0.0071 0.0662 0.0315 0.0598 022
Br 20798 0.1656 2.2356 0.1641 0.93
Rb 02578 0.0497 0.2873 0.0483 0.90
Sr 0.0000 0.0589 0.0236 0.0540 0.00
Y 0.0106 0.0718 0.0374 0.0656 0.28
2r 0.1077 0.0607 0.0354 0.0791 3.04
Mo 0.0636 0.1472 0.0708 0.1312 0.90
Pd 0.0000 0.6753 0.0000 0.6157
Ag 0.0000 0.7728 0.1535 0.7180 0.00
Cd 0.0000 0.8059 0.0000 0.7527
in 0.0565 0.8961 0.0000 0.8415
Sn 0.0000 1.1095 0.0079 1.0248 0.00
Sb 0.0583 1.2990 0.2932 1.1927 0.20
Ba 2.4347 4.,3902 0.0000 3.9797
La 0.0000 5.8328 0.6180 5.3229 0.00
Au 0.0000 0.1656 0.0000 0.1486
Hg - 0.0335 0.1380 0.0000 0.1216
TI 0.0477 0.1288 0.0433 0.113g 1.10
Pb 0.0565 0.1693 0.0728 0.1525 0.78
U 0.0459 0.1417 0.0197 0.1293 2.33
Sum of measured species 1.840 7 1,930 71 0.95



Table 3.1.3.14. Mass concentrations (%) from DRI filter samples

Date
Fuel

Size Fraction
Teflon Finer ID
Quartz Fiker ID

8-Jut92
Rice Straw
CEWF

PM2.5

PM10

8~Jul-92

Rice Straw

ABTTO11
ABTQO11

ABTT012
ABTQO12

Teflon Fleld Sample Flag
Quanz field sample fieid
Teflon mass sample flag
Quartz mass sample flag
Anions sample flag
Ammonium analysis flag
Sodium jon analysis flag
Magnesium ion analysis flag
Potassium ion analysis flag
Carbon analysis flag

XRAF analysis flag 3

3. wb (<]

Teflon sample volume (n*3) 0.30 0.02 0.30 0.02
Quartz sample volume (m"3) 0.30 0.01 0.30 0.02
Tellon mass concantration (uy/m*3)

Concentration (%) +Uncenainty Concentration (%) Uncertainty PM2.5/PM10

Ck 39.5371 5.9761 32.8949 27212 120
NOG- 02704 0.0602 0.2347 0.0386 1.1¢
SO4= 2.8963 0.4241 2.4681 0.1842 1147
NH4+ 15.5858 22839 12.7235 0.9381 122
Na+ 0.2826 0.0472 0.2418 0.0256 117
K+ 6.0550 1.3 7.6637 0.5788 118
Clorg) 26.3920 42535 18.8988 1.9087 1.39
C(oht) 18.3816 3.7288 15.8846 25059 1.16
C(e) 10.4472 1.6534 7.2096 0.8870 145
C{eht) 0.8811 0.5558 1.0974 0.6718 0.80
C 36.8392 262084 1.41
Al 0.0000 0.1060 0.0000 0.1237

Si 0.0272 0.1716 1.4756 01271 002
P 0.0000 0.3370 0.0000 0.3991

S 0.4447 0.1596 0.4476 05199 099
Cl 32.5780 47268 38.6586 2.7508 0.84
K 8.7875 1.4202 11.3703 0.8093 0.86
Ca 0.0743 0.1139 0.3758 0.0516 020
Ti 0.0000 0.0284 0.0008 0.0242 0.00
v 0.0000 0.0129 0.0000 0.0120

Cr 0.0016 0.0034 0.0047 0.0023 0.34
Mn 0.0183 0.0033 0.1353 0.0099 0.14
Fe 0.0185 0.0078 0.2031 0.0157 009
Co 0.0000 0.0015 0.0000 0.0033

Ni 0.0000 0.0016 0.0028 0.0010 0.00
Cu 0.0032 0.0014 0.0035 0.0011 0.91
Zn 0.0077 0.0017 0.0124 0.0014 0.62
Ga 0.0009 0.0030 0.0016 0.0024 0.56
As 0.0008 0.0035 0.0012 0.0029 0.67
Se 0.0012 0.0020 0.0013 0.0012 0.92
Br 0.0612 0.0080 0.0731 0.0054 084
Rb 00115 0.0022 0.0121 0.0016 0.85
Sr 0.0006 0.0017 0.0034 0.0011 0.18
Y 0.0006 0.0022 0.0011 0.0018 055
Zr 0.0007 0.0026 0.0011 0.0021 0.64
Mo 0.0017 0.0043 0.0000 0.0035

Pd 0.0000 0.0214 0.0049 0.0188 0.00
Ag 0.0040 0.0251 0.0000 0.0214

Cd 0.0000 0.0265 0.0000 0.0223

In 0.0000 0.0286 0.0093 0.0246 0.00
Sn 0.0000 00355 0.0015 0.0297 0.00
Sb 0.0000 0.0409 0.0140 0.0343 0.00
Ba 0.1098 0.0856 0.0407 0.1115 270
La 0.0380 0.1765 0.0464 0.1451 0.82
Au " 0.0012 0.0049 - 0.0021 0.0040 057
Hg 0.0020 0.0041 0.0011 0.0033 1.82
T 0.0014 0.0038 0.0001 0.0030 14.00
Pb 0.0017 0.0050 0.0029 0.0031 0.59
1] 0.0007 0.0044 0.0025 0.0039 028

Sum o measured species 96.1872 7.1168 92.3197 3.7043 1.04



Table 3.1.3.15. Element ratios tfrom DRI filter samples.

Date
Fuel

Configuration

Size Fraction
Teflon Filter ID
Quanz Fier ID

(o3 0]

K+K

Sulfate S/Total S
Clorg)C

clK

Cl-K+

Cl-MNa+

SK

S/MNa+

AVSi

8-Jul-92
Rice Straw
CEWF
PM2.5 PM10 PM2.5/PM10
ABTTO11 ABTTOD12
ABTQO11 ABTQO12
121 085 143
093 0.67 1.37
2.16 1.84 1.18
012 072 0.99
333 340 098
437 429 102
139.90 13599 1.03
0.05 0.04 1.15
157 1.85 0.85
0.00 0.00



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

2r

Fuel: Rice

Date: 10-Jul-92

Time: 10:15

Filter ID: AG-28

Element Concentration +Uncertainty
ng/m*3

H 44,980 6,200

Na

Mg 31,200 4,600

Al

Si 389,230 20,000

P

S 21,760 1,600

cl 633,730 32,100

K 396,150 20,100

Ca 58,650 5,200

Ti 280 200

\

Cr 630 100

Mn 11,440 800

Fe 18,070 1,000

Ni '

Cu 240 100

Zn 820 100

As 90 100

Pb

Se

Br 1,970 200

Rb

Sr



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

Fuel: Rice

Date: 10-Jul-92

Time: 10:15

Filter 1D: AG-28

Fuel rate (g/s) 11.71

Stack gas flow rate (m"3/s) 425

Stack Temperature (°C) 52.45

Ambient Temperature (°C) 30.45
Emission factor +Uncertainty

Element (mg/kg) - (mg/kg)

H 15.2 2.1

Na ,

Mg 106 1.6

Al

Si 131.7 6.8

p

S 7.4 0.5

Cl 2145 10.9

K 134.1 6.8

Ca 20.2 1.8

Ti 01 0.1

\Y

Cr 0.2 0.0

Mn 39 0.3

Fe 6.1 0.3

Ni

Cu 0.1 0.0

Zn 0.3 0.0

As ’ 0.0 0.0

Pb

Se

Br 0.7 0.1

Rb

Sr

Zr



Table 3.1.3.18. Element concentrations (ng/m~3) from CNL filter samples.

Zr

Fuel: Rice

Date: 10-Jul-92

Time: 11:17

Filter ID: AG-23

Element Concentration tUncertainty

ng/m*3

H 218,900 21,100

Na 41,340 25,800

Mg

Al

Si 282,320 15,500

=]

S

cl 3,331,020 167,800
K 1,004,550 50,900

Ca 53,720 9,500

Ti 1,170 600

Vv

Cr 1,260 400

Mn 10,290 800

Fe 25,200 1,500

Ni

Cu 810 200

Zn 570 100

As 440 200

Pb

Se

Br 5,180 400

Rb 1,270 400

Sr



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

Fuel: - Rice
Date: 10-Jul-92
Time: 11:17
Filter ID: AG-23
Fuel rate (g/s)

Stack gas flow rate (m"3/s)

Stack Temperature (°C)

Ambient Temperature (°C)

Emission factor

11.71

4.25
52.45
30.45

+Uncertainty

Zr

Element (mg/kg) {mg/kg)
H 74.1 7.1
Na 14.0 87
Mg
Al
Si 955 5.2
P
S
Cli 1,127.3 56.8
K 340.0 17.2
Ca ' _ 18.2 3.2
Ti 0.4 0.2
\
Cr 04 0.1
Mn 35 0.3
Fe 8.5 0.5
Ni
Cu 0.3 0.1
Zn 0.2 0.0
As 0.1 01
Pb '
Se
Br 1.8 0.1
Rb 0.4 0.1
Sr



Table 3,1.3.20. Relative element concentrations by stage from DRUM impactor.

Stage 1: 10-15um

10-Jul-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) (-) {-)
H
Na
Mg
Al
Si 4,638.82 256.26 7.4348 1
S 43.22 14,74 0.0693 1
Cl 313.05 35.32 0.5017 1
K 623.94 61.00 1.0000 1
Ca 508.33 64.32 0.8147 1
Ti
Vv : 17.60 9.00 0.0282 1
Cr
Mn 79.42 13.89 0.1273 1
Fe 1,066.37 65.37 1.7091 1
Ni
Cu 3,367.05 178.63 5.3965 1
Zn 2,279.56 133.58 3.6535 1
As
Se
Br
Rb
Sr

Pb



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

Stage 2: 5-10um

10-Jul-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) (-) (-)
H
Na
Mg
Al
Si 4,034.27 216.37 6.5588 0.8697
S
Cl 458.02 62.74 0.7446 1.4631
K 615.09 53.26 1.0000 0.9858
Ca 534.36 55.47 0.8687 1.0512
Ti
V'
Cr :
Mn 172.72 17.21 0.2808 2.1748
Fe 510.86 35.68 0.8305 0.4791
Ni 10.77 3.21 0.0175 #DIv/o!
Cu 13.92 4.05 0.0226 0.0041
Zn
As
Se
Br
Rb
Sr

Pb



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

Stage 3: 25-5um

10-Jul-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) {(-) (-)
H
Na
Mg
Al .
Si 6,612.45 343,79 6.4967 1.4255
S 109.61 20.53 0.1077 2.5362
Cl 998.31 62.58 0.9808 3.1890
K 1,017.82 69.21 1.0000 1.6313
Ca . 1,348.54 90.26 1.3249 2.6529
Ti '
A
Cr
Mn 297.85 21.26 0.2926 3.7505
Fe 986.39 59.21 0.9691 0.9250
Ni
Cu
Zn 36.66 5.32 0.0360 0.0161
As
Se
Br
Rb
Sr

Pb



Table 3.1.3.23. Relative element concentrations by stage from DRUM impactor.

Stage 4: 1.15-2.5um

10-Jul-92 Abundance Abundance
Relative to Relative to
Concentration Uncertainty Potassium Stage 1
(relative) (-) (-)

H 920.32 104.89 0.6100
Na
Mg
Al
Si 3,395.06 181.74 2.2503 0.7319
S
Cl 1,476.62 88.42 0.9787 47169
K 1,508.73 96.58 1.0000 2.4181
Ca 715.46 70.84 0.4742 1.4075
Ti
v
Cr
Mn 120.75 13.37 0.0800 1.56205
Fe 497.54 33.16 0.3298 0.4666
Ni
Cu
Zn
As
Se
Br
Rb
Sr

Pb



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

Stage 5: 0.56-1.15um

10-Jul-92 Abundance

Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
{relative) (-) {-)
H 2950.57 262 0.2838
Na
Mg
Al
Si 1,936.55 109.63 0.1863 0.4175
S
Cl 10,394.39 535.37 0.9998 33.2039
K 10,396.36 . 537.26 1.0000 16.6625
Ca
Ti
\Y
Cr
Mn 89.70 14.32 0.0086 1.1295
Fe 304.95 22.84 0.0293 0.2860
Ni
Cu
Zn
As
Se
Br 47.28 8.11 0.0045
Rb :
Sr

Pb



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

Stage 6: 0.34 - 0.56 um

10-Jul-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(refative) (-) {-)
H 2620.9 301.3 0.1538
Na
Mg
Al
Si : 164.91 . 23.95 0.0097 0.0355
S
Ct 18,954.01 966.21 1.1126 60.5468
K 17,036.09 869.47 1.0000 27.3042
Ca
Ti
Vv 41.50 10.84 0.0024 2.3580
Cr
Mn 37.29 8.74 0.0022 0.4696
Fe 80.03 15.89 0.0047 0.0751
Ni
Cu 2713 5.16 0.0016 0.0081
Zn 3584 6.16 0.0021 0.0157
As
Se
Br 113.58 17.95 0.0067
Rb
Sr

Pb



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

Stage 7: 0.24 - 0.34 um

10-Jul-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) (-) {-)
H 964.45 106.95 0.1378
Na
Mg
Al
Si 102.27 18.53 0.0146 0.0220
S
Cl 7,565.67 397.58 1.0807 24,1678
K 7.,000.41 370.63 1.0000 11.2197
Ca
Ti
Vv 28.91 9.11 0.0041 1.6426
Cr
Mn
Fe
Ni
Cu
Zn 26.90 6.00 0.0038 0.0118
As
Se
Br 49.99 11.32 0.0071
Rb
Sr

Pb



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

Stage 8: <0.24 um

10-Jul-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(relative) (-) (-)
H 443.96 85.1 0.2820
Na
Mg
Al
Si 39.72 11.26 0.0252 0.0088
S
Cl 1,335.05 84.37 0.8481 4.2647
K 1,574.12 93.84 1.0000 2.5229
Ca '
Ti . 36.11 9.47 0.0229
Vv
Cr
Mn 25.19 5.68 0.0160 0.3173
Fe
Ni 14,98 3.21 0.0095
Cu
Zn 15.08 3.74 0.0096 0.0066
As
Se
Br
Rb
Sr

Pb



Table 3.1.3.28
VOC Concentrations (ppbv)

Date
Fuel
Traverse

10-Jul-82
Rice Straw
Traverse 1

10-Jul-92
Rice Straw
Traverse 2

Acetic acid
Propanone (acetone)

Methy ester acetic acid {methylacetate)

Butane 7
Dimethyloxirane
Pentene

Methylbutanone {isopropyimethy! 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

C10H12

Alpha-pinene

Camphene

A3-Carene

Limonene

No match rt. (6.7)

No match rt. (8.51)

No match r.t. (8.71)

No match r.t. (8.73)

No match r.1.(6.4)

No match r.1.(8.5)

5.6

253

1.6

10.1
1.2

26
2.7
1.4

1.3

8.7

5.8

25.1

1.1

8.6

27

27
2.7

1.2

1.1

44



Table 3.1.3.29
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 (isopropylmethyl ketone)
Furancarboxaldehyde {(furfural)
Benzene

Dimethylbutane

Hexane

Phenol

Dimethylfuran

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

Toluene

Benzonitrile

Benzaidehyde

Methylphenol (hydroxy toluene)
Styrene

Xylene

Trimethylpentane

Benzofuran
Methoxymethylphenol (creosol)
Naphthalens

Unknown

Alpha-pinene

Camphene

A3-Carene

Limonene

*Possible mismatch

10-Jul-92
Rice Straw
Traverse 1
11.71

4.61

27

10-Jul-92
Rice Straw
Traverse 2
1117

4.66

28
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Figure 3.1.3.1. Ambient air conditions, 10 July 92,

Fuel Type:
Configuration:

Rice Straw

CEWF

Test Date

10-Jul-92

Air Temperature (°C)
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Figure 3.1.3.2. Air temperature and relative humidity from CIMIS station. .
Fuel: Rice Straw Date of Test: 10-Jul-92

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

Contiguration: CEWF
Hourly Average CIMIS Data for Davis, California

—O— Wind Speed (mVs)
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Figure 3.1.3.4. Wind direction and solar radiation from CIMIS station.

Fuel: Rice Straw Date of Test: 10-Jul-92
Configuration: CEWF
Hourly Average CIMIS Data for Davis, California
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Figure 3.1.3.5. Inlet air, stack gas, and impinger outlet temperatures, 10 July 82.

Fuel Type: Rice Straw Test Date 10-Jul-92
Configuration: CEWF
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Figure 3.1.3.6. Conveyor speed and stack gas velocity, 10 July 82.

Fuel Type:
Configuration:;

Rice Straw
CEWF

Test Date

10-Jul-92
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Figure 3.1.3.7. Conveyor speed with 10 min moving average, 10 July 92.

Fuel Type: Rice Straw Test Date 10-Jul-92
Configuration: CEWF
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Figure 3.1.3.8. Conveyor travel, 10 July 82.

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

Fuel Type: Rice Straw Test Date 10-Jul-92
Configuration: CEWF
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Figure 3.1.3.10. NO and NOx concentrations in stack gas, 10 July 82.

Fuel Type: Rice Straw Test Date 10-Jul-92
Configuration:; CEWF
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Figure 3.1.3.11. SO2 concentration in stack gas, 10 July 92.

Fuel Type: Rice Straw Test Date 10-Jul-92
Configuration: CEWF
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Figure 3.1.3.12. Total sulfur concentration in stack gas, 10 July 92,

Fuel Type: Rice Straw Test Date 10-Jul-92
Configuration: CEWF
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Figure 3.1.3.13. Particle size distribution, traverse 1, 10 July 82.

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

Particle Size Distribution
Traverse 1:

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

1 13.89 0.2 4 1.000
2 7.78 01 38 0.950
3 4.15 0 3.7 0.825
4 2.20 0.1 3.7 0.925
5 1.26 0.2 36 0.900
6 0.74 0.2 3.4 0.850
7 0.39 0.2 3.2 0.800
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Figure 3.1.3.14. Particle size distribution, traverse 2, 10 July 92.

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

Particle Size Distribution
Traverse 2:

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

1 13.61 0 22 - 1.000
2 7.63 0 22 1.000
3 4.07 0.1 2.2 1.000
4 215 0 2.1 0.955
5 1.24 0 21 0.955
6 0.73 0.1 2.1 0.955
7 0.38 0.2 2 0.909
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Figure 3.1.3.15. Nitrogen balance. .
Date of Test: 10-Jui-92
Fuel Rice Straw

Nitrogen




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

Sultur

ND
PM 35%

29%




Relative Abundance

Figure 3.1.3.17. Relative abundance of major elements
from DRUM impactor, Rice Straw, 10 July 92, (CEWF).
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Figure 3.1.3.18. Mass fraction of PAH on primary filter samples, 10 July 1992, rice straw.
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Table 3.1.4.1

Fue! 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)

14-Jul-92
Rice Straw
Fuel

37.99
5.27
0.59

0.70
0.06
0.82
0.27
0.16
0.05
0.26

720
27

884
209

45.77

17.47
71.27
11.26

15.6532

14-Jul-92
Rice Straw
Ash

9.12
0.62
0.15

0.64
0.25
2.85
1.27
0.70
0.25
0.37

- 650
16

87
3,900
565
12

16.59

86.83
8.63
4.54

2.9822



Table 3.1.4.2. Operating conditions and concentrations, rice straw 14 July 2.

Fuel: Rice Straw Date of Test: 14-Jul-92
Configuration: CRNF
Fuel Loading Rate (g¢/sq.m w.b.): 655
Total Fuel Consumption (kg w.b.; 139.9
Total Ash Recovered (kg w.b.) 26.7
Ash Fraction (w.b.) 0.19
Traverse 1 Traverse 2 Traverse 3
Mean Values
Air Temperature (°C) 271 31.20 33.41
Air Relative Humidity (%) ‘ 59.40 52.75 44.60
Inlet Air Temperature (°C) 3089 34.40 _ 36.30
Stack Temperature (°C) 51.40 58.44 61.84
" Impinger Outlet Temperature (°C) 16.73 18.58 20.95
Fire Spreading Rate (m/min) - 0.92 1.07 1.10 .
Stack Gas Velocity (nm/s) 2.52 2.52 2.47
Gas and PM Concentrations (less background)
CO (ppmv) 77.82 89.05 84.24
NO (ppmv) 4,07 5.07 5.07
NOx (ppmv) 4.65 5.76 5.83
S02 (ppmv) 0.57 0.88 0.91
HC (ppmv as CH4 by GC) 1.24 217 1.25
CH4 (ppmv by GC) 0.82 1.29 0.86
NMHC (ppmv as CH4 by GC) 0.42 0.88 0.39
CO2 (ppmv by GC) 2,095 2,050 - 2,314
Total S (ppmv as SO2) 0.66 0.91 0.92
PM (mg/cu.m) 7.14 9.99 9.73
PM10 (mg/cu.m) 6.99 9.69

PM2.5 (mg/cu.m) 6.42 8.75



Table 3.1.4.3. Mass balance, rice straw, 14 July 92.

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

Mass Balance
Traverse 1 Traverse 2 Traverse 3
Total Conveyor Travel (m) 4523 52.37 53.74
Fuel Moisture Content (% w.b.) 9.1 78 8.1
Fuel Loading Rate (g/sq.m d.b.) 595 604 602
Total Fuel Consumption (g w.b.) 36,089 41,789 42,878
Total Fuel Consumption (g d.b.) : 32,823 38,550 39,418
Residual Ash (g w.b.) 6,887 7,974 8,182
Fuel Vaporized (g w.b.) 29,202 33,814 34,696
Fuel Consumption Rate (g/s w.b.) : 12.53 14.51 14.89
Fuel Consumption Rate (g/s d.b.) 11.40 13.39 13.69
Ash Generation Rate (g/s w.b.) 2.39 2.77 2.84
Fuel Vaporization Rate (g/s w.b.) 10.14 11.74 12.05
Stack Gas Density (kg/cu.m) 1.0890 1.0659 1.0651
Stack Gas Flow Rate (cu.nvs) 3.74 3.75 3.68
Stack Gas Mass Flow Rate (kg/s) 4.07 4.00 3.88
Inlet Air Mass Flow Rate (kg/s) 4.06 3.99 3.87
Overall Air-Fuel Ratio (w.b.) 324.06 274.65 259.85

Overall Air-Fuel Ratio (d.b.) 356.30 297.72 282.66
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Table 3.1.4.6. Carbon balance.

Date of Test:
Fuel

Carbon Balance

Dry Fue! Consumption Rate (g/s)

Ash Generation Rate (g/s)

Ash Fraction (% dry basis)

Fue! 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)

Emigsion Factors (% Average Basis):
co2

co

HC (as CH4)

PM

Emission Factors (% Integrated Basis):
co2

Co

HC (as CH4)

PM

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

14-Jul-92
Rice Straw
Traverse 1

11.40
2.39
20.96
a7.99
9.12
4N
132.29
1.09
2,005
77.82
1.24
7.4
36.75
2.62
51.40
16.73
5.20
2.82

113.538
2.684
0.024
0.209

113.538
2.797
0.024
0.209

89
8%

14-Jul-92
Rica Straw
Traverse 2

13.39
277
20.69
37.99
9.12
4.83
132.28
1.07
2,050
89.05
217
9.99
36.75
3.67
58.44
18.58
7.32
343

92.875
2.567
0.03¢6
0.24¢6

92.875
2.623
0.03¢
0.246

74
73

14-Jul-92
Rice Straw
Traverse 3

13.69
2.84
20.75
37.99
8.12
4.94
132.26
1.06
2,314
84.24
1.25
9.73
36.75
3.58
61.84
20.95
7.19
3.16

99.549
2.308
c.019
0.229

99.549
2.360
0.019
0.229

78
78




Table 3.1.4.7. Nitrogen 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 Nitrogen/Fue! Nitrogen (Integrated)

14-Jul-92
Rice Straw
Traverse 1

0.70
0.64

0.263
0.209

0.268

0.348
1.732
1.426
79.80
15.30
9.12
9.30
0.34
9.46
9.64
0.119
0.121
0.192
0.310
0.312

14-Jul-92
Rice Straw
Traverse 2

0.70
0.64

0.273
0.246

0.278

0.348
1.732
1.426
93.73
17.73
11.13
11.33

0.47
11.59
11.80
0.124
0.126
0.189
0.313
0.315

14-Jul-92
Rice Straw
Traverse 3

0.70
0.64

0.262
0.228

0.268

0.348
1.732
1.426
95.83
18.18
10.02
1.17

0.45
11.36
11.61
0.119
.21
0.190
0.308
0.311




Table 3.1.4.8. Sulfur balance.
Date of Test:
Fuel

Sulfur Balance

Fue!l Sulfur Concentration (mg/kg dry weight)
Ash Sulfur 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)
SO2+PM Sulfur/Fuel Sulfur (Average Basis)
S02+PM Sutfur/Fuel Sulfur {Integrated Basis)
Ash Sulfur/Fuel Sulfur

Closure (% Average Basis}

Closure (% Integrated Basis)

14-Jul-92
Rice Straw
Traverse 1

720
650

0.045
0.208

0.046

1.409
8.21
1.55
2.57
2.62
0.34
2.90
2.96

0.353

0.360

0.189

54
55

14-Jul-92
Rice Straw
Traverse 2

720
650

0.058
0.246

0.060

1.409
9.64
1.80
3.88

- 4.02
0.46
435
448

0.451

0.465

0.187

€4
€5

14-Jul-92
Rice Straw
Traverse 3

720
650

0.057
0.229

0.059

1.409
9.86
1.85
3.90
4.04
0.44
434
448

0.441

0.455

0.187

63
64




Table 3.1.4.9. Water balance.

Estimated Stack Humidity
Fuel Rice Straw
Configuration CRNF
Date of Test 14-Jul-92
Traverse 1 Traverse 2 Traverse 3
Ambient Air Temperature °C) 28 31 33
Ambient Air Relative Humidity (%) 59 53 45
Air Temperature (K) -301 304 307
Saturation Pressure {Pa) 3,719 4,547 5,151
Vapor Pressure (Pa) 2,209 2,399 2,298
Air Dew Point Temperature (°C) 191 204 19.7
Ambient Volume Fraction Water Vapor 0.0218 0.0237 0.0227
Ambient Mass Fraction Water Vapor 0.0135 0.0147 0.0141
" Fuel Burning Rate (g/s wet basis) 12.53 14.51 14.89
Fuel Moisture Content (%) 9.1 7.8 8.1
Ash Fraction (wet basis) 0.19 0.19 0.19
Fuel Hydrogen Content (%) 5.27 5.27 5.27
Ash Hydrogen Content (%) 0.62 0.62 0.62
Moisture Evaporated (g/s) 1.14 1.13 1.21
Water of Combustion (g/s) 5.27 6.19 6.33
Total Fuel Water Added (g/s) 6.41 7.32 7.54
Inlet Air Mass Flowrate (g/s) 4,060 3,990 3,870
Inlet Air Water Vapor Flowrate (g/s) 55 59 54
Total Stack Water Vapor Flowrate (g/s) 61 ‘66 62
Stack Gas Mass Flowrate (¢/s) 4,070 4,002 3,882
Mass Fraction Water Vapor in Stack 0.0151 0.0165 0.0160
Volume Fraction Water Vapor in Stack 0.0243 0.0266 0.0257
Stack Vapor Pressure (Pa) 2,461 2,690 2,607
Stack Temperature (°C) 51 58 62
Stack Temperature (K) 325 332 335
Stack Saturation Pressure (Pa) 13,234 18,547 21,705
Stack Relative Humidity (%) 19 15 12
Stack Dew Point Temperature (°C) 208 22.3 21.8
Impinger Outlet Temperature (°C) 16.7 18.6 21.0
Volume Stack Gas Sampled for PM (L) 532 540 - 638
Estimated Impinger/Desiccant Weight Gain (g) 9.8 10.8 12.2
Totals:
Estimated Measured
Total Impinger/Desiccant Weight Gain (g) 328 30.7
Estimated/Measured Weight Gain 1.07



Table 3.1.4.10. 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)

14-Jul-92
Rice Straw
Traverse 1

15.6832
2.9822
171.3

3.1
0.2
0.3
167.8
137.6
4.07
51.40
30.89
84.0
83.8

14-Jul-92
Rice Straw
Traverse 2

15.6532
2.9822
201.3

35
0.3
0.4
197.2
161.7
4.00
58.44
34.40
96.7
100.5

14-Jul-92
Rice Straw
Traverse 3

15.6532
2.9822
205.8

3.2
0.1
0.4

202.1

165.8

3.88
61.84
36.30

99.7
102.4



Table 3.1.4.11. Mass concentrations (%) from DRI filter samples

Date 14-Juk-82 14-Juk92
Fuel Rice Straw Rice Straw
CRNF CRNF
Size Fraction PM2.5 PM10
Tallon Fiiter ID ABTTO18 ABTTO18
Quanz Fiker ID ABTQO18 ABTQO19
Teflon Field Sample Flag
Quartz field sample field
Teflon mass sample flag it
Quartz mass sampie 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
Huncenai ncenainty
Teflon sample volume (m"3) 0.30 0.02 0.30 0.02
Quartz sample volume (m*3) 0.30 0.01 0.30 0.02
Teflon mass concentration {(ug/m*3) 1,580 94 2.387 130
Concentration (%) +Uncertainty Concentration (%) +Uncentaity PM2,5PM10
CH 21.9780 1.9578 14 8190 12671 1.48
NOG- 0.4923 0.1555 0.3478 0.1021 1.42
S04= 59120 0.4889 3.9878 0.3140 1.48
NH4+ 2.7173 0.2602 1.7319 0.1618 1.57
Na+ 0.5539 0.0815 0.3718 0.0532 1.48
K+ 158423 1.3095 10.4485 08178 153
Clorg) 14.4816 2.475% 10.6782 1.6806 1.36
C(oht) 11.4595 2.5985 6.2842 1.9273 1.23
Cle) 39.1804 3.9204 26.0754 2.5345 1.50
C(oht) 1.7261 1.0869 2.6397 1.6276 0.65
53.6710 36.7536 1.46
Al 0.0000 0.1323 0.0000 0.1492
Si 1.4404 0.1652 8.0722 0.6041 0.18
P 0.0000 0.2444 00000 0197
S 1.9752 0.1851 1.4086 0.1333 1.40
Cci 21.8410 1.7080 17.9079 1.3285 1.22
K 25.5390 1.9931 18.8856 1.3987 1.35
Ca 02877 0.2985 1.1696 0.1149 0.25
Ti 0.0007 0.1024 0.0165 0.0683 0.04
v 0.0048 0.0449 0.0014 0.0300 3.50
Cr 0.0008 0.0120 0.0029 0.0085 0.28
Mn 0.0774 0.0091 0.3751 0.0285 021
Fe 0.0591 0.0251 0.3782 0.0328 0.16
Co 0.0000 0.0053 0.0000 0.0070
Ni 0.0000 0.0058 0.0023 0.0041 0.00
Cu 0.0041 0.0062 0.0030 0.0042 1.37
Zn 0.1095 0.0099 0.0833 0.0070 1.31
Ga 0.0000 0.0109 0.0004 0.0074 0.00
As 0.0032 0.0132 0.0049 0.0088 0.65
Se 0.0048 0.0073 0.0019 0.0050 253
Br 0.1334 0.0117 0.1031 0.0084 129
Rb 0.0273 0.0050 0.0224 0.0035 122
Sr 0.0000 0.0065 0.0073 0.0031 0.00
Y 0.0000 0.0078 0.0018 0.0054 0.00
Zr 0.0024 0.0097 0.0027 0.0066 0.89
Mo 0.0000 0.0160 0.0011 0.0109 0.00
Pd 0.0000 0.0710 0.0000 0.0493
Ag 0.0119 0.0823 0.0000 0.0579
Cd 0.0520 0.0876 0.0000 0.0590
In 0.0000 0.0955 0.0000 0.0651
Sn 0.0345 0.1205 0.0343 0.0834 1.01
Sb 0.0348 0.1385 0.0000 0.0964
Ba 0.0000 0.4890 0.0000 0.3291
La 0.0000 0.6422 0.0536 0.4377 0.00
Au 0.0000 0.0186 0.0033 0.0129 0.00
Hg : 0.0037 0.0151 0.0001 0.0102 37.00
Tl 0.0028 0.0140 0.0025 0.0095 1.12
Pb 0.0092 0.0187 0.0012 0.0125 7.67
u 0.0007 0.0149 0.0018 0.0103 037
Sum of measured species 109.0948 5.4329 87.7541 3.7153 1.24



Table 3.1.4.12. Element ratios from DRI filter samples.

Date
Fuel
Configuration

Size Fraction
Teflon Fitter 1D
Quartz Fiter ID

CLCI

K+/K

Sultate S/Total S
Clorg)/C

CVK

CHK+

Ci-MNa+

4

S/Na+

AUSi

14-Jul-92 14 k92
Rice Straw Rice Straw
CRNF CRNF
PM2.5 PM10 PM2.5PM10
ABTTO18 ABTTO019
" -ABTQO18 ABTQO19
1.01 0.83 122
0.62 0.55 1.13
1.00 054 1.06
0.27 020 0.93
0.86 095 0.90
1.38 142 0.97
29.68 39.96 1.00
0.08 0.07 1.04
357 370 0.94
0.00 0.00



Table 3.1.4.13. Emission factors (mg/kg) from DRI filter samples.

Date 14-Jul-92 14-Jut-92
Fuel Rice Straw Rice Straw
CRNF CRNF
Size Fraction PM2.5 PMi0
Tellon Filter ID ABTTO18 ABTTO19
Quanz Fiker ID ABTQO18 ABTQO19
Start Time 9:38
Stop Time 10:08
Start Time
End Time
Elapsed Time (minutes) a0 Traverse 1
PM (mg/m~3 by total filter) 7.140
PM10 (by total fiterAmpactor) 6.990
PM2.5 (by total fiterimpactor) 6.420
PM emission factor (%) 0209
PM 10 emission factor (%) 0.205
PM2.5 emission factor (%) 0.188
#Uncortai —tUncerainty
Teflon sampls volume (m~3) 0.0 0.02 0.30 0.02
Quartz sampie volume (nM3) 0.30 0.01 0.30 0.02
Teflon mass concantration (mg/m”3) 1.580 0.094 2.387 0.130
Teflon mass/Total mass 0.246 0.341
Emission {mg/kg) +Uncertainty Emission (mg/kg) +Uncertainty  PM2.5PM10
ct 378.7407 36.8066 346.1827 25,9756 1.09
NO3- 8.4837 2.9234 8.1249 20931 1.04
SO04= 101.8798 9.1913 93.1579 . 6.4370 109
NH44+ 46.8265 48918 40.4585 3.3169 1.16
Na+ 9.5452 1.5322 8.6855 1.0006 1.10
K+ 274.7292 24.6186 2440846 16.7649 1.13
C{org) 249.5573 46.5469 249.4506 344523 1.00
C{oht) . 197.4783 48.8518 216.8857 39.5097 0.91
C(e) 675.3399 73.8727 609.1404 51,9573 1.1
C(eht) 20.7454 20.4337 61.6653 33.3658 0.48
c 924.8972 0.0000 858.5910 0.0000 1.08
Al 0.0000 2.4872 0.0000 3.0586
Si 24.8220 3.1058 188.5725 12.3841 013
P 0.0000 4.5047 0.0000 4.0406
S 34.0381 3.4798 32,9059 2.7327 1.03
Cl 376.3798 321104 418.3417 272343 0.90
K 440.1064 37.4703 4411814 28.6734 1.00
Ca 49579 56118 27.3227 2.3555 0.18
Ti 0.0121 1.8251 0.3855 .1.4002 0.03
v 0.0844 0.8441 0.0327 0.6150 258
Cr 0.0138 0.2256 0.0677 0.1743 020 .
Mn 1.3338 01711 8.7626 0.5843 0.18
Fe 1.0185 0.4718 8.8350 0.6724 0.12
Co 0.0000 0.0996 0.0000 0.1435
Ni 0.0000 0.1080 0.0537 0.0841 0.00
Cu 0.0707 0.1166 0.0701 0.0861 1.0%
In 1.8870 0.1861 1.9459 0.1435 0.97
Ga 0.0000 0.2045 0.0093 0.1517 0.00
As 0.0551 0.2482 0.1145 0.1804 0.48
Se 0.0827 0.1372 0.0444 0.1025 1.86
Br 2.2088 0.2200 2.4085 01722 0.95
Rb 0.4705 0.0940 0.5233 0.0718 0.80
Sr 0.0000 0.1222 0.1705 0.0636 0.00
Y 0.0000 0.1466 0.0420 0.1107 0.00
zr 0.0414 0.1824 0.0631 0.1353 0.66
Mo 0.0000 0.3008 0.0257 02235 0.00
Pd 0.0000 1.3348 0.0000 1.0107
Ag 0.2051 1.5472 0.0000 1.1870
Cd 0.8961 1.6469 0.0000 12095
In 0.0000 1.7954 0.0000 1.38346
Sn 0.5945 2.2654 0.8013 1.7097 0.74
Sb 0.5997 2.6038 0.0000 1.8762
Ba 0.0000 9.1932 0.0000 6.7466
La 0.0000 12.0734 1.2521 8.9729 0.00
Au 0.0000 0.3497 0.0771 0.2645 0.00
Hg 0.0638 0.2839 0.0023 0.2091 27.29
Tl 0.0483 0.2632 0.0584 0.1948 0.83
Pb 0.1585 0.3516 0.0280 0.2563 5.66
U 0.0121 0.26801 0.0444 02112 0.27
Sum of measured species 1,880 102 2,050 70 0.92



Table 3.1.4,14, Element concentrations (ng/m#3) from CNL filter samples.

Fuel: Rice

Date: 14-Jul-92

Time: 10:16

Filter ID: AG-28b

Element Concentration tUncertainty

ng/m"3

H 34,070 5,100

Na

Mg

Al

Si 320,840 16,800

P

)

Cl 1,263,110 63,800

K 1,267,190 63,800

Ca 43,230 10,100

Ti 550 300

\V/ i _

Cr 770 300

Mn 9,200 700

Fe 13,160 800
“Ni 240 100

Cu 360 100

Zn 2,130 200

As 380 100

Pb

Se .

Br 3,480 300

Rb 1,020 300

Sr

Zr



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

Fuel: Rice

Date: 14-Jul-92

Time: 10:16

Filter ID: AG-28b

Fuel rate (g/s) 11.40

Stack gas flow rate (m"3/s) 3.74

Stack Temperature (°C) 51.40

Ambient Temperature (°C) 27.71
- Emission factor 7 +Uncertainty

Element (mg/kg) (mg/kg)

H 104 1.6

Na

Mg

Al

Si 97.6 5.1

P

S .

Cl 384.1 19.4

K 385.4 19.4

Ca 13.1 31

Ti 0.2 0.1

Vv

Cr 0.2 0.1

Mn 2.8 0.2

Fe 4.0 0.2

Ni 0.1 0.0

Cu 0.1 0.0

Zn 0.6 0.1

As 0.1 0.0

Pb

Se

Br 1.1 0.1

Rb 0.3 0.1

Sr

Zr



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

Fuel: Rice

Date: 14-Jul-92

Time: 10:52

Fitter ID: AG-29b

Element Concentration +Uncertainty
ng/m”3

H 27,190 3,500

Na

Mg 5,680 3,300

Al

Si 200,250 10,500

P

S 38,440 2,600

Cl 603,870 30,600

K 640,620 32,300

Ca 31,300 5,600

Ti

v

Cr

Mn 6,880 500

Fe 7,730 500

Ni 240 100

Cu

Zn 1,680 100

As

Pb

Se

Br 2,290 200

Rb 660 200

Sr



Table 3.1.4.17. Element emission factors (mg/kg) from CNL filter samples.

Fuel: Rice

Date: 14-Jul-92

Time: 10:52

Filter 1D: AG-29b

Fuel rate (g/s) 13.39

Stack gas flow rate (m"3/s) 3.75

Stack Temperature (°C) 58.44

Ambient Temperature (°C) 31.20
Emission factor tUncertainty

Element (mg/kg) _ {ma/kg)

H 7.0 0.9

Na ’

Mg ' 1.4 0.8

Al

Si 515 27

P .

] 9.9 : 0.7

Cl 155.2 7.9

K 164.7 8.3

Ca 8.0 . 1.4

Ti

Vv

Cr

Mn 1.8 0.1

Fe 2.0 0.1

Ni 0.1 0.0

Cu

Zn 04 0.0

As

Pb

Se

Br 0.6 0.1

Rb 0.2 0.1

Sr

Zr



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

Stage 1: 10-15um

14-Jul-92 : Abundance Abundance
Relative to Relative to
Concentration Uncertainty Potassium Stage 1
(relative) (-) {(-)
H
Na
Mg
Al :
Si 38,277.95 2,027.23 8.9797 1
S 365.22 65.85 0.0835 1
Cl 1,038.00 102.92 0.2373 1
K 4,374.08 288.62 1.0000 1
Ca 4,130.02 314.46 0.9442 1
Ti _ 233.51 60.77 0.0534 1
v
Cr
Mn 633.23 54.31 0.1448 1
Fe 4,523.14 256.77 1.0341 1
Ni
Cu ‘ 1,039.57 76.00 0.2377
Zn 1,333.43 97.08 0.3048
As
Se
Br
Rb
Sr

Pb 86.42 26.15 0.0198 1



Table 3.1.4.19. Relative element concentrations by stage from DRUM impactor.

Stage 2: 5-10um

14-Jul-92 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) (-)
H
Na
Mg
Al )
Si 9,254.97. 505.08 10.3257 0.2356
S 381.4% 72.15 0.4368 1.0719
Cl 940.29 95.54 1.0491 0.9059
K 896.31 93.23 1.0000 0.2049
Ca 1,157.34 127.38 1.2912 0.2802
Ti
v
Cr
Mn ‘ 271.94 27.54 0.3034 0.4294
Fe 2,291.12 139.69 2.5562 0.5065
Ni
Cu
Zn 56.03 11.85 0.0625 0.0420
As
Se
Br
Rb
Sr

Pb



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

Stage 3: 2.5-5um

14-Jul-92 Abundance Abundance

Relative to Relative to
Concentration 1Uncertainty Potassium Stage 1

(relative) (-) (-)
H
Na
Mg
Al
Si 13,285.28 698.15 4.2298 0.3382
]
Cl 2,823.09 185.85 0.89088 27197
K 3,140.86 203.38 1.0000 0.7181
Ca 1,877.60 160.31 0.5978 0.4546
Ti
v
Cr
Mn 398.25 35.23 0.1268 0.6289
Fe 1,397.83 92.00 0.4450 0.3080
Ni
Cu
Zn
As
Se
Br 23.43 7.54 0.0075
Rb
Sr

Pb



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

Stage 4: 1.16-2.5um

Na
Mg

Si
Ci

Ca
Ti

Cr
Mn
Fe
Ni
Cu
Zn
As
Se
Br
Rb
Sr
Pb

14-Jul-92 Abundance Abundance
Relative 1o Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) (-)
1,297.37 92.92 0.3885 0.0330
2,780.29 181.69 0.8326 2.6785
3,339.12 21082 1.0000 0.7634
39.46 2215 0.0118 0.1690
77.35 21.69 0.0232
46.42 19.54 0.0139
113.00- 28.00 0.0338 0.1784
221.86 35.38 0.0664 0.0491



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

Stage 5: 0.56-1.15um

14-Jul-92 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) (-)
H 820.28 144,92 1.6859
Na
Mg 466.74 77.54 0.9593
Al
Si ' 180.75 41.85 0.3921 0.0049
S
Cl 566.98 91.54 1.1653 0.5462
K 486.55 57.85 1.0000 0.1112
Ca
Ti ‘ 79.34 29.54 0:1631 0.3398
\
Cr
Mn
Fe 96.15 17.08 0.1976 0.0213
Ni
Cu
Zn
As
Se
Br
Rb
Sr

Pb



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

Stage 6: 0.34 - 0.56 um
14-Jul-92

Concentration tUncertainty
{relative)

Abundance
Relative to
Potassium

()

Abundance
Relative to
Stage 1
()

H 2,211.49 208.77
Na

Mg

Al ,

Si 489.20 58.15

Cl 7.002.94 398.92
K 9,006.22 495.38
Ca

Ti

Cr

Mn

Fe 86.77 18.62
Ni

Cu

Zn

As

Se

Br

Rb

Sr 43.82 15.69
Pb

0.2456

0.0543

0.7776
1.0000

0.0096

0.0049

0.0125

6.7466
2.0590

0.0192



Table 3.1.4.24. Relative slement concentrations by stage from DRUM impactor.

Stage 7: 0.24-0.34 um

Pb

14-Jul-92 Abundance Abundance
Relative to Relative to
Concentration +Uncertainty Potassium Stage 1
(refative) (-) (-)
H
Na
Mg 119.71 42 31 0.2992
Al )
Si 109.46 30.92 0.2735 0.0028
S
Ci 258.68 35.08 0.6464 0.2492
K 400.15 46.15 1.0000 0.0915
Ca ' .
Ti : 73.85 21.38 0.1845 0.3162
Vv
Cr
Mn
Fe
Ni
Cu
Zn 21.71 6.00 0.0542 0.0163
As
Se
Br
Rb '
Sr 22.80 9.85 0.0570



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

Stage 8: <0.24 um

14-Jul-92 Abundance Abundance
Relative to Relative to
Concentration tUncertainty Potassium Stage 1
(relative) (-) (-)
H 2,313.55 355.23 0.2541
Na
Mg
Al
Si 280.92 49.38 0.0309 0.0072
S
Cl 5,451.09 311.23 0.5987 5.2515
K 9,104.72 497.69 1.0000 2.0815
Ca
Ti ' 88.65 37.54 0.0097 0.3796
Vv
Cr
Mn 36.20 16.46 0.0040 0.0572
Fe 137.35 22.15 0.0151 0.0304
Ni
Cu 160.62 19.85 0.0176 0.1545
Zn 185.37 23.08 0.0204 0.1390
As
Se
Br 51.51 12.31 0.0057
Rb
Sr

Pb



Table 3.1.4.26
VOC Concentrations (ppbv)

Date
Fuel
Traverse

14-Jul-92
Rice Straw
Traverse 1

14-Jul-92
Rice Straw
Traverse 2

14-Jul-92
Rice Straw
Traverse 3

Acetic acid
Propanone (acetone)

Methyl ester acetic acid {methylacetate)

Butane
Dimethyloxirane
Pentene

Methylbutanone (isopropyimethy! ketone)

Furancarboxaldehyde (furfural)
Benzene

Dimethylbutane

Hexane

Phenol

Dimethylfuran

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

Toluene

Benzonitrile

Benzaldehyde

Methylphanol (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 maitch r.1.(6.4)

No match r.t.(8.5)

205

4.9
1.1

1.5
0.5

0.7

13.8

19.8

29.9

9.4

2.2

2.4

7.6

16.7

30.7

2.2

12



Table 3.1.4.27
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 (isopropylmethyl ketone)
Furancarboxaldehydse (furfural)
Benzene

Dimethylbutane

Hexane

Phenol

Dimethylfuran

2-methyl 2-cyciopenten-1-one
2-chloro phenol

Toluene

Benzonitrile

Benzaldehyde

Methylphenol (hydroxy toiuene)
Styrene

Xylene

Trimethylpentane

Benzofuran
Methoxymethylphenol {creosol)
Naphthalene

Unknown

Alpha-pinene

Camphene

A3-Carene

Limonene

14-Jul-92
Rice Straw
Traverse 1
11.40

4.07

20

14-Jul-92
Rice Straw

" Traverse 2
13.39

4,00

12

24

- W

14-Jul-92
Rice Straw

‘Traverse 3

13.69
3.88

23

10
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Figure 3.1.4.1. Ambient air conditions, 14 July 92.

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

Air Temperature (°C) ———- Air Relative Humidity (%)
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Figure 3.1.4.2. Air temperature and relative humidity from CIMIS station.

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

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

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

Configuration: CRNF
Hourly Average CIMIS Data for Davis, California
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Figure 3.1.4.5. iInlet air, stack gas, and impinger outlet temperatures, 14 July 92.

Fuel Type: Rice Straw Test Date 14-Jul-92
Configuration: CRNF
————— Inlet Air —— Stack —-—-—- Impinger Outlet
Temperature Temperature Temperature
°C) °C) (°C)
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Figure 3.1.4.6. Conveyor speed and stack gas velocity, 14 July 82.

Fuel Type: Rice Straw Test Date 14-Jul-92
Configuration: CRNF
Conveyor Speed (m/min) —-—-—- Stack Velocity (mvs)
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Figure 3.1.4.7. Conveyor trave! with 10 min moving average, 14 July 92.

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

Conveyor Speed (m/min) a Conveyor Speed-10 pt. rolling
average
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Figure 3.1.4.8. Conveyor travel, 14 July 82,

Fuel Type: Rice Straw Test Date 14-Jul-92
Configuration: CRNF :
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Figure 3.1.4.9. CO concentration in stack gas, 14 July 82,

Fuel Type: Rice Straw Test Date 14-Jul-92
Configuration: CRNF
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Figure 3.1.4.10. NO and NOx concentrations in stack gas, 14 July 92.

Fuel Type:
Configuration:

Rice Straw
CRNF
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Figure 3.1.4.11. SO2 concentrations in stack gas, 14 July 92.

Fuel Type: Rice Straw Test Date 14-Jul-92
Configuration: CRNF
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Figure 3.1.4.12. Total sulfur concentration in stack gas, 14 July 82.

Fuel Type: Rice Straw Test Date 14-Jul-92
Configuration: CRNF
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Figure 3.1.4.13. Particle size distribution, traverse 1, 14 July 92

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

Particle Size Distribution

Traverse 1:

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

1 13.70 0.1 38 ~1.000
2 7.67 0.2 37 0.974
3 4.09 0.1 35 0.921
4 2.16 0.2 3.4 0.895
5 1.25 0.1 3.2 0.842
6 073 0.2 3.1 0.816
7 0.38 0.2 29 0.763
fitter 0.00 27 27 0.711
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Figure 3.1.4.14. Particle size distribution, traverse 2, 14 July 92

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

Particle Size Distribution

Traverse 2:

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

1 13.85 0.3 6.2 1.000
2 7.76 0.3 59 - 0.952
3 4.14 0.2 56 0.903
4 2.19 0.3 5.4 0.871
5 1.26 0.3 5.1 0.823
6 0.74 0.3 48 0.774
7 . 0.39 0.4 45 0.726
fitter 0.00 4.1 4.1 0.661
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Figure 3.1.4.15. Nitrogen balance.

Date of Test:
Fuel

14-Jul-92
Rice Straw

Nitrogen

PM NOx
0% 12%




Flgure 3.1.4.16. Sulfur balance.

Date of Test: 7 14-Jul-92
Fuel Rice Straw

Sutfur

ND
38%




Relative Abundanco

Figure 3.1.4.17. Relative abundance of major elements
from DRUM impactor, Rice Straw, 14 July 92, (CRNF).
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Figure 3.1.4.18. Mass fraction of PAH on primary filter samples, 14 July 1992, rice straw.
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Table 3.1.5.1. Operating conditions and fire spreading rate, 25 August 92.

Fuel: Rice Straw Date of Test: 25-Aug-92
Configuration: CEWF
Type 1 Type 2 Type 1
Fuel Loading Rate (g/sq.m w.b.): 680 680 680
Total Fuel Consumption (kg w.b.) 38.1 36.7 395
Fuel Moisture (% w.b.) 8.0 8.4 7.3
Mean Values
Air Temperature (°C) 21.60 25.03 28.50
Air Relative Humidity (%) 563.69 43.07 31.55
Inlet Air Temperature (°C) 24.78 28.33 31.96
Stack Temperature (°C) 3212 40.72 4324
Fire Spreading Rate (m/min) 0.46 0.63 0.59
Stack Gas Velocity (m/s) 2.93 3.07 3.09



Figure 3.1.5.1. Ambient air conditions, 25 August 92.

Fuel Type: Rice Straw Test Date 25-Aug-92
Configuration: CEWF
Air Temperature (°C) ——-—- Air Relative Humidity (%)
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Figure 3.1.5.2. Air temperature and relative humidity from CIMIS station.
Fuel: Rice Straw Date of Test: 25-Aug-92

Configuration: CEWF
Hourly Average CIMIS Data for Davis, California
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Figure 3.1.5.3. Wind speed from CIMIS station.
Fuel: Rice Straw

Configuration: CEWF
Hourly Average CIMIS Data for Davis, California
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