Table 4.1.1. Average emission factors and particie MMAD for barley straw burned in two
wind tunnel configurations.

Barley Straw
Average Emission Factor (% dry fuel)'
Species CEWF CRNF Average
Moisture {%wet basis) 6.8 6.9 6.9
cO 10.217 9.517 9.867
NO 0.104 0.147 0.126
NOx (as NO2) 0.257 0.287 0.272
S0z : 0.004 0.004 0.004
THC 1.947 0.882 1.414
HC (by GC) 0.753 0.383 0.568
CHg4 (by GC) 0.316 0.178 0.247
NMHC 1.631 0.703 1.167 .
NMHC (by GC) 0.437 0.205 0.321
COo 106591 127.856 117.223
Total S 0.006 0.005 0.005
SOo/Total S 0.713 0.820 0.766
PM 0.879 0.674 0.776
PM10 0.870 0.667 0.768
PM2.5 0.846 ~ 0.640 0.743
MMAD (um) 0.293 0.314 0.304

“Emission factors do not add to 100% as a result of incorporation of atmospheric oxygen in
emission species,
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Table 4.1.2 Average emission factors and particle MMAD for comn stover burned in two
wind tunnel configurations.

Corn Stover
Average Emission Factor (% dry fuel)’
Species CEWF CRNF Average
Moisture (%wet basis) 8.2 9.0 8.6
co 3.744 4.013 3.878
NO 0.071 0.07¢9 0.075
NOx (as NO2) 0.177 0.188 0.182
802 0.019 0.021 0.020
THC 0615 0.647 0.631
HC (by GC) 0.346 0.291 0.319
CH4 (by GC) 0.180 0.169 0.175
NMHC 0.435 0.478 0.456
NMHC (by GC) 0.166 0.122 0.144
CO2 121.501 141.242 131.371
Total S 0.023 0.024 0.023
SOo/Total S 0.816 0.883 0.850
PM 0.783 0.478 0.631
PM10 : ' 0.771 0.471 0.621
PM2.5 0.742 0.454 0.598
MMAD (um) 0.156 0.212 0.184

“Emission factors do not add to 100% as a result of incorporation of atmospheric oxygen in
emission species.
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Table 4.1.3. Average emission factors and particle MMAD for rice straw burned in two
wind tunnel configurations.

Rice Straw
Average Emission Factor (% dry fuel)”

Average Average
Species CEWF CRNF CEWF, CRNF All tests
Moisture (%wet basis) 8.2 8.8 8.5 8.6
cO 3.919 2515 3.217 3.139
NO 0.120 017 0.146 0.150
NOy (as NO2) 0.250 . 0.309 0.280 0.284
SO2 0.045 0.074 0.060 0.062
THC 0.457 0.425 0.441 0.449
HC (by GC) 0.1 0.077 0.134 0.125
CHg (by GC) 0.105 0.048 0.077 0.072
NMHC 0.329 0.359 0.344 0.337
NMHC (by GC) 0.086 0.029 0.057 0.053
COo 123.107 . 111,203 117.155 116.215
Total S 0.0c52 0.101 0.076 0.080
SOofTotal S 0.916 0.789 0.853 0.843
PM _ 0.373 0.329 0.351 0.349
PM10 0.364 0.330 0.347 0.346
PM25 : 0.343 0.303 0.323 0.322
MMAD (um}) 0.129 0.097 0.113 0.123

*Emission factors do not-add to 100% as a result of incorporation of atmospheric oxygen in
emission species.
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Table 4.1.4. Average emission factors and particle MMAD for wheat straw bumed in two
wind tunnel configurations.

Wheat Straw
Average Emission Factor (% dry fuel)”
Species CEWF CRNF Average
Moisture (%wet basis) 72 7.4 7.3
CO 9.527 3.811 6.669
NO 0.074 0.144 0.109
NOx (as NOyp) 0.177 0.288 0.233
S0s 0.027 0.066 0.047
THC 1.165 0.282 0724
HC (by GC) 0.764 0.188 0.476
CHs (by GC) 0.320 0.044 0.182
NMHC 0.845 0.238 0.542
NMHC (by GC) 0.444 0.144 0.294
COs 98511 140.464 119.488
Total S 0.030 0.082 0.056
SOo/Total S 0.908 0.802 0.855
PM 0.713 0.450 0.582
PM10 0.706 0.441 0574
PM2.5 0.671 0417 0544
MMAD (um) 0.215 0.125 0.170

"Emission factors do not add to 100% as a result of incorporation of atmospheric oxygen in
emission species.
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Table 4.1.5. Average emission factors and particle MMAD for almond tree prunings (results
shown for measured stack gas velocity and velocity computed by carbon balance).

Almond Prunings
Average Emission Factor (% dry fuel)”

Species Measured velocity Estimated velocity
Moisture (%wet basis) 18.3 18.3
cOo 5.300 3.183
NO 0.188 0171
NOy (as NO3) 0.407 0.362
SO, 0.006 0.006
THC 1.221 - 0.562
HC (by GC) 0.297 0.269
CHy4 (by GC) 0.129 0.117
NMHC 1.092 0.445
NMHC (by GC) 0.168 ' 0.152
CO2 263.946 183.282
Total 8 0.008 0.005
SQOo/Total S 0.827 1.130
PM 0.482 0.436
PM10 0.475 0.430
PM2.5 0.453 0.410
MMAD (um) 0.158

"Emission factors do not add to 100% as a result of incorporation of atmospheric oxygen in
emission species.
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Table 4.1.6. Average emission factors and particle MMAD for Douglas fir slash (results
shown for measured stack gas velocity and velocity computed by carbon balance).

Dougtas Fir Slash
Average Emission Factor (% dry fuel)”

Species Measured velocity Estimated velocity
Moisture (%wet basis) 300 30.0
co 5.621 §.540
NO 0.046 0.059
NO, (as NOp) : 0.145 0.185
SO5 0.005 0.009
THC 0.751 0.886
HC (by GC) 0.236 0.313
CH4 (by GC) 0.150 0.190
NMHC 0.601 0.697
NMHC (by GC) 0.086 0.124
CO2 203.553 223.742
Total S 0.005 0.009
SOq/Total S 0.996 1.080
PM 0.491 0.734
PM10 0.477 0.715
PM2.5 0.430 0.652
MMAD (um) 0.19

“Emission factors do not add to 100% as a result of incorporation of atmospheric oxygen in
emission species.
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Table 4,1.7 Average emission factors and particle MMAD for Ponderosa pine slash (results
shown for measured stack gas velocity and velocity computed by carbon balance).

Ponderosa Pine Slash
Average Emission Factor (% dry fuel)”

Species Measured velocity Estimated velocity
Moisture (Y%wet basis) 245 245
CcO 4.342 4.284
NO 0.065 0.131
NOy (as NO») 0.143 0.283
SO 0.003 0.009
THC 0.503 0.505
HC (by GC) 0.185 0.290
CH4 (by GC) 0.085 0.133
NMHC 0418 0.371
NMHC (by GC) 0.100 0.156
CO2 153.337 213.606
Total 8 0.002 0.009
SOo/Total S 1276 1.140
PM ' 0.391 0.604
PM10 0.371 0.574
PM25 0.332 0514 .
MMAD (um) 024

"Emission factors do not add to 100% as a result of incorporation of atmospheric oxygen in
emission species.
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Table 4.1.8 Average emission factors and particie MMAD for walnut tree prunings (results
shown for measured stack gas velocity and velocity computed by carbon balance).

Walnut Prunings
Average Emission Factor (% dry fuel)”

Species Measured velocity Estimated velocity
Moisture (%owet basis) 33.1 331
coO 7.096 5.004
NO 0.249 0.157
NOy (as NO2) 0.532 0.339
S0O; 0.021 0.014
THC 0.834 0.62¢9
HC (by GC) 0.277 0.225
CH4 (by GC) 0.202 0.164
NMHC 0.633 0.465
NMHC (by GC) 0.075 0.061
CO2 201.828 164.291
Total S 0.022 0.016
SO,/Total S 0.938 0.870
PM 0.508 0.322
PM10 ‘ 0.498 0.315
PM25 0.468 0.296
MMAD (um) 0.12

“Emission factors do not add to 100% as a result of incorporation of atmospheric oxygen in
emission species.
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Figure 4.1.1. Average emission factors for barley straw burned in

two wind tunnel configurations.
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Table 4.2.2. Regression statistics for comptted vs. measured stack gas velocity.

Case slope intercept 2 95% Confidence Intervals
(ms™ slope intercept
All fires 0.544 1393 0331 031 078 0.79 020
All fires less outlier 0.770 0.866 0443 051 103 021 153
All fires less outlier (constrained) 1.103 0 0355 104 117 - -
Spreading fires 0.987 0.316 0604 068 129 -047 110
Spreading fires (constrained) 1.107 0 059 105 117 - -
Pile fires 0.301 1.916 0.185 -0.06 066 094 289
Pile fires (constrained) 0.966 0 - 077 116 - -- --
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Figure 4.2.1. Comparison of stack gas velocity measured
with anemometer and velocity computed by carbon

balance.
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Figure 4.2.2. Comparison of stack gas velocity measured
with anemometer and velocity computed by carbon
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Figure 4.2.3. Comparison of stack gas velocity measured
with anemometer and velocity computed by carbon
balance (reduced data set, zero intercept).
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o

Figure 4.2.4. Regression models for computed vs.
measured stack gas velocity (spreading fires).
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Computed velocity (m/s)

Figure 4.2.5. Regression models for computed vs.
measured stack gas velocity (pile fires).
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Figure 4.2.7. Particulate matter concentrations, total filter and DRI PM10 impactor - Spreading fires.
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B pRI PM10

Figure 4.2.8. Particulate matter concentrations, total filter and DRI PM10 impactor - Pile fires.
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Figure 4.2.9. Particulate matter concentrations, total filter and CNL fiiter - Spreading fires.
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Figure 4.2.10. Particulate matter concentrations, total filter and CNL filter - Pile fires.
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Figure 4.2.11. Particulate matter concentrations, total filter and cascade impactor - Spreading fires.
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Figure 4.2.12. Particulate matter concentrations, total filter and cascade impactor - Pile fires.
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Figure 4.3.1.1. CO emission factor (% integrated basis) - Spreading

Fires
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(Emission factor as % dry fuel weight. Integrated basis refers to method of equation [8])



Figure 4.3.1.2. NO emisslon factor (% Integrated basis) - Spreading

Fires
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Figure 4.3.1.3. NOx emisslon factor (% integrated basis) - Spreading

Fires
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Figure 4.3.1.4. Fraction of NOx emitted as NO - Spreading fires.
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Fires

Figure 4.3.1.5. SO2 emission factor (% integrated basis) - Spreading
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Figure 4.3.1.6. THC emission factor (% integrated basis) - Spreading

Fires
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Figure 4.3.1.7. HC emission factor (%, by GC) - Spreading Fires
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Figure 4.3.1.8. CH4 emission factor (%, by GC) - Spreading Fires
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Figure 4.3.1.9. NMHC emission factor (% integrated basis) -

Spreading Fires
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Figure 4.3.1.10. NMHC emission factor (%, by GC) - Spreading Fires
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Figure 4.3.1.11. CO2 emission factor (%, by GC) - Spreading Fires
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Figure 4.3.1.12. Total Sulfur emission tactor (% as SO2 integrated
basis) - Spreading Fires
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Figure 4.3.1.13. SO2/Total S - Spreading Fires
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Figure 4.3.1.14. PM emission factor (%) - Spreading Fires
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Figure 4.3.1.15. PM10 emission factor (%) - Spreading Fires
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Figure 4.3.1.16. PM2.5 emission factor (%) - Spreading Fires
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Figure 4.3.1.17. MMAD (um) - Spreading Fires
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Figure 4.3.1.18. Average CO emission tactor (% integrated basis) -

Spreading Fires
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Figure 4.3.1.19. Average NO emission factor (% integrated basis) -
Spreading Fires
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Figure 4.3.1.20. NOx emission factor (% as NO2, integrated basis) -
Spreading Fires
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Figure 4.3.1.21. Average SO2 emission factor (% integrated basis) -

Spreading Fires
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Figure 4.3.1.23. Average HC emission factor (% as CH4, by GC) -

Spreading Fires
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Figure 4.3.1.24. Average CH4 emission factor (%, by GC) -
Spreading Fires
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Figure 4.3.1.26. Average NMHC emission factor (% as CH4, by GC) -
Spreading Fires
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Figure 4.3.1.27. Average CO2 emission factor (%, by GC) -

Spreading Fires
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Figure 4.3.1.28. Average Total S emission factor (% as S02,

integrated basis) - Spreading Fires
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Figure 4.3.1.29. SO2/Total S - Spreading Fires
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Figure 4.3.1.30. PM emission factor (%) - Spreading Fires
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Figure 4.3.1.31, Average MMAD (um) - Spreading Fires
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Figure 4.3.2.1. CO emission factor (%) - Pile Fires
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Figure 4.3.2.2, NO emission factor (%) - Pile Fires
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Figure 4.3.2.3. NOx emission factor (% as NO2) - Pile Fires

B measured velocity &N computed velocity
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Figure 4.3.2.4. Fraction of NOx emitted as NO - Pile fires.
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Figure 4.3.2,5. SO2 emission factor (%) - Pile Fires
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Figure 4.3.2.6. THC emisslon factor (% as CH4) - Pile Fires
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Figure 4.3.2.7. HC emission factor (% as CH4, by GC) - Pile Fires
B measured velocity BN computed velocity
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Figure 4.3.2.8. CH4 emission factor (%, by GC) - Pile Fires

B measured velocity N computed velocity
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Figure 4.3.2.9. NMHC emission factor (%) - Pile Fires
B measured velocity BN computed velocity
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Figure 4.3.2.10. NMHC emission factor (% as CH4, by GC) - Pile
Fires

B moasured velocity &N computed velecity
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Figure 4.3.2.11. CO2 emission factor (%) - Pile Fires

B measured velocity N computed velocity
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Figure 4.3.2.12. Total S emission factor (% as SO2) - Pile Fires
B measured velocity NN computed velocity
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Figure 4.3.2.13. SO2/Total S - Pile Fires
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Figure 4.3.2.14. PM emission factor (%) - Pile Fires
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Figure 4.3.2.15. PM10 emisslon factor (%) - Pile Fires
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Figure 4.3.2.16. PM2.5 emission factor (%) - Pile Fires

B measured velocity N computed velocity
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Figure 4.3.2.17. MMAD (um) - Pile Fires
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Figure 4.3.2.19. Average NO emission factor (% as NO2) - Pile Fires
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Figure 4.3.2.20. Average NOx emission factor (%) - Pile Fires
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Figure 4.3.2.22. Average THC emission factor (% as CH4) - Pile Fires

measured veloclty NS computed veloci
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Figure 4.3.2.23. Average HC emission factor (% as CH4, by GC) -

Pile Fires

N computed velocity

B measured veloci

7

0.50

0.40

0.10 1

0.00 4

Douglas Fir Ponderosa Pine Walnut

Almond

-201-




Figure 4.3.2.24. Average CH4 emission factor (%, by GC) - Pile Fires

N computed velocity

3
®
>
°
o
5
[
@
o
E

L

0.26

0.20

0.15

0.10 -
0.05 A
0.00 -

Douglas Fir Ponderosa Pine Walnut

Almond

-202-




nuEem

eu|d esoiepuod 114 sejbnoQ puow|y

- 000

- 020

- Ov'o

- 09°0

- 08°0

- 00°1

olld - (PHD

Aojen peindwos §y  Ao0jeA peinseew

89414
B 9,) 10398} uo|ss|e JHINN ebeleay 'GZ'Z2 € v ainbi4

0c’t

-203-



nuEem eul4 Bsolepuogd

44 sejbnog

00’0

500

oL0

S0

00

S2'0
Ayoojea peindwod N A1oojen peinseeiu

sal|d4 olid
- (99 Aq ‘YHD Se %) 40398} UoISSiwd HHWN dbeioay

9z°'Cy oInbly

=204~



Figure 4.3.2.27. Average CO2 emission factor (%) - Pile Fires

N computed veloci
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Figure 4.3.2.29. SO2/Total S - Pile Fires
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Figure 4.3.2.30. Average PM emission factor (%) - Plle Fires
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Figure 4.3.2.32. Average PM emission factors (%) - Pile Fires
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Table 4.4.1. Absorption coefficient Bap by LIPM on CNL filter samples.

Ba
Date Fuel Time Traverse Filter ID (m2 9_-_13
30-Apr-92 Rice CRNF 13:27 1 17 244
30-Apr-92 Rice CRNF 13:03 1 18 2.07
30-Apr-92 Rice CRNF 14:03 20 1.82
30-Apr-92 Rice CRNF 14:47 21 1.85
10-Jul-92 Rice CEWF 10:15 1 28 1.79
10-Jul-92 Rice CEWF 10:35 1 27 2.60
10-Jul-92 Rice CEWF 10:54 1 25 2.57
10-Jul-92 Rice CEWF 11:17 23 1.28
11-Aug-92 Wheat CRNF 8:.03 1 30 3.63
11-Aug-92 Wheat CRNF 9:20 2 3t 417
13-Aug-92 Wheat CEWF 8:20 1 32 245
13-Aug-92 Wheat CEWF 9:17 2 33 278
15-Sep-92 Barley CEWF NR 1 34 1.74
17-Sep-92 Barley CRNF 9:19 1 37 3.1
17-Sep-92 Barley CRNF 9:27 1 39 3.54
7-Oct-92 Corn CRNF NR 1 43 2.24
9-Oct-92 Com CEWF 8:37 1 44 2.26
9-Oct-92 Com CEWF 9:36 2 45 2.02
21-Oct-92 Rice CEWF 14:39 1 46 0.90
21-Oct-92 Rice CEWF 15:58 2 47 0.93
23-Oct-92 Rice CRNF 15:20 1 48 0.78
12-Nov-92 Walnut Pile 9:28 1 61 541
12-Nov-92 Walnut Pile 11:12 2 62 4.49
12-Nov-92 Walnut Pile 11:30 2 63 3.92
12-Nov-92 Wainut Pile 12:50 2 64 3.74
6-Apr-93 Almond Pile 10:16 1 €68 2.99
6-Apr-93 Almond Pile 11:54 2 69 414
6-Apr-93 Almond Pile 12:12 2 70 4.99
29-Apr-93 Ponderosa Pine Pile 10:56 1 BJG2 2.84
30-Apr-93 Douglas Fir Pile 10:37 1 BJO3 1.99
30-Apr-93 Douglas Fir Pile 12:02 2 BJO4 267
“Global mean 2.71

NR = not recorded. Blank in traverse column indicates filter sample was coliected at other time.
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Figure 4.4.2. Barley straw: Average emission factors (mg/kg) for major species, DRI

analysis
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Figure 4.4.3. Corn stover: Average emission factors (mg/kg) for major species, DRI

analysis

N PM25 E PM10

Fe

Ca

7%

L

Cl

Si

K+

777

i

Na+

NH4+

S04=

NO3-

Cl-

10000

(=] o -
o

-
A (=1

1000

——

(By/Bw) 10308} UoISSILT

-215-



Figure 4.4.4. Rice straw: Average emission factors (mg/kg) for major species, DRI

analysis
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Figure 4.4.5. Wheat straw: Average emission factors (mg/kg) for major species, DRI

analysis
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Figure 4.4.6. Almond prunings: Average emission factors (mg/kg) for major species, DRI

analysis
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Figure 4.4.7. Douglas fir: Average emission factors (mg/kg) for major species, DRI

analysis.
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Figure 4.4.8. Ponderosa pine: Average emission factors (mg/kg) for major species, DRI

analysis
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Figure 4.4.9. Walnut prunings: Average emission factors (mg/kg) for major species, DRI

analysis
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erage emission factor in PM (mg/kg) by fuel type, DRI analysis.

Figure 4.4.14. Fe av
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Table 4.5.3. PAH emission factors by fuel type for individual tests.

PAH less

Total PAH naphthalenes

Fuel Configuration/Replicate (mg/kg) (mg/kg)”
Barley Straw CEWF. 1 209.6 68.3
Barley Straw CEWF 2 2254 60.7
Barley Straw CRNF 1 7.7 56.9
Barley Straw CRNF 2 57.3 46.2
Com Stover CEWF 1 119.5 100.0
Com Stover CEWF 2 6.6 2.1
Com Stover CRNF 1 8.1 6.1
Com Stover CRNF 2 7.7 5.3
Rice Straw CEWF 1 154 4.7
Rice Straw CEWF 2 115 38
Rice Straw CEWF 3 493 7.8
Rice Straw CEWF 4 28.3 5.7
Rice Straw CRNF 1 50 14
Rice Straw CRNF 2 53 1.8
Rice Straw CRNF 3 115 31
Rice Straw CRNF 4 18.1 3.7
Rice Straw CRNF 5 19.6 9.7
Rice Straw CRNF 6 184 8.8
Wheat straw CEWF 1 792 338
Wheat straw CEWF 2 72.0 258
Wheat straw CRNF 1 682.7 12.9
Wheat straw CRNF 2 353 7.6
Almond Prunings Pile Flaming 16.2 8.0
Almond Prunings Pile Stoked/Flaming 12.3 5.6
Walnut Prunings Pile Flaming 279 99
Walnut Prunings Pile Stoked/Flaming 222 71
Douglas Fir Slash Pile Low flaming 488 234
Douglas Fir Slash Pile High flaming 124 5.4
Ponderosa Pine Slash Pile Flaming 16.7 6.5
Ponderosa Pine Slash Pile Late flame and smolder 69.7 20.6

*excludes naphthalene and 2-methylnaphthalene.
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Table 4.5.7. PAH concentrations in particulate matter (mg/kg), agricultural field crops.

Barley Com Com Rice Wheat

Straw Stover Stover* Straw Straw
PM emission factor (% dry fuel) 0.78 0.63 0.45 0.38 0.58
Naphthalene 181.37 33.10 54.56 20.01 488.11
2-Methylnaphthalene 48.14 68.45 25.86 18.13 8.53
Acenaphthylene 102.35 29.51 13.49 3.14 13.84
Acenaphthene 109.87 41.28 7.32 2.91 7.66
Fluorene 8.60 0.39 0.31 0.49 3.16
Phenanthrene 206.13 29.59 48.16 11.10 86.49
Anthracene 40.00 10.39 10.05 217 24.55
Fluoranthene 197.56 80.04 132.58 1193 260.09
Pyrene 381.71 80.03 131.10 14.47 234.77
Benz[alanthracene 142.41 26.29 45,52 26.11 200.13
Chrysene 181.45 36.90 69.83 29.53 200.44
Benzo[blfluoranthene 307.37 554.65 38.37 3147 189.08
Benzolk]fluoranthene 76.98 339.28 7135 23.06 80.75
Benzola]pyrene 98.78 1,136.95 8.84 19.03 67.72
Benzo[e]pyrene 129.61 892.54 18.68 2617 99.59
Perylene 13.89 164.99 0.87 4.84 56.47
Benzo[ghijperylene 33.59 22.48 8.15 89.88
Indeno[1,2,3-cd}pyrene 38.15 383.39 14.46 57.85
Dibenz[a,hjanthracene 22 .41 '
Total 2,298 3,053 677 267 2,169
Total less naphthalenes 2,068 3,851 596 229 1,672

*Excludes CEWF-1.
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Table 4.5.8. PAH concentrations in particulate matter (mg/kg), agricultural wood fueis.

Almond Prunings Wainut Prunings
Flaming Flaming Flaming Flaming Flaming Flaming
Stoked Average Stoked Average
0.48 0.62 0.55 0.51 0.38 0.45
Naphthalene 17.42 10.34 13.88 2.10 2.75 2.43
2-Methylnaphthalene 2.85 1.73 2.29 1.89 1.57 1.73
Acenaphthylene 1.72 1.72 0.43 0.32 0.37
Acenaphthene
Fluorene 0.07 0.07 1.41 0.26 0.84
Phenanthrene 2426 12.16 18.21 18.96 22.74 20.85
Anthracene 4.54 2.70 3.62 1.44 3.06 2.25
Fluoranthene 49.32 26.68 38.00 94.37 - 87.42 90.89
Pyrene 44.87 25.82 35.34 80.19 86.16 83.17
Benz[aJanthracene 31.76 1473 23.25 6.40 1141 8.90
Chrysene 19.18 23.90 21.54 11.00 13.05 12.02
Benzofblfluoranthene 8.21 2.77 5.49 0.10 0.10
Benzolklfluoranthene 7.37 4.99 6.18
Benzo[a]pyrene 2.70 0.39 1.55
Benzole]pyrene 1.70 1.70
Perylene
Benzo[ghi]perylene 0.61 0.61
indenol1,2,3-cdjpyrene
Dibenz{a,hjanthracene
Total 217 126 173 218 229 224
Total less naphthalenes 196 114 157 214 225 219
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Table 4.5.9. PAH concentrations in particulate matter (mg/kg), forest wood fuels.

Douglas Fir Slash Ponderosa Pine Slash
Flaming Flaming Flaming Flaming Late Flame Mass
Low Rate High Rate Average and Smolder Average
0.75 043 0.59 0.36 0.50 0.39
Naphthalene 23.94 18.24 21.09 19.55 4.46 16.06
2-Methylnaphthalene 5.12 3.98 4.55 4.48 1.20 3.72
Acenaphthylene 414 2.53 3.33 1.21 0.46 1.04
Acenaphthene '
Fluorene 0.14 0.14 0.66 0.28 0.57
Phenanthrene 68.05 29.26 48.65 2527 23.88 24 .95
Anthracene 13.64 5.66 9.65 4.63 6.45 5.0
Fluoranthene 171.06 52.01 111.53 105.21 59.30 94.59
Pyrene 141.69 32.05 86.87 79.55 47.68 7218
Benz[alanthracene 18.63 13.88 16.26 18.31 11.36 16.70
Chrysene 17.88 19.16 18.52 14.47 17.28 15.12
Benzo[blflucranthene 217 217 10.68 8.21
Benzo[kfluoranthene 2.54 5.71 413 6.18 475
Benzo[a]pyrene 2.34 1.92 213 4.20 3.23
Benzo|e]pyrene 3.18 0.97 2.07 2.48 1.91
Perylene
Benzo[ghijperyiene 1.08 1.08
Indeno[1,2,3cd]pyrene
Dibenz[a,hlanthracene
Total 472 189 332 297 172 268
Total less naphthalenes 443 167 307 273 167 248
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Figure 4.5.2. Average emission factors for selected compounds,
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Figure 4.5.3. Average Benzene emission factors
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Figure 4.5.7. Average Toluene emission factors
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Figure 4.5.8. Average Xylene emission factors

P cewr B cRNF

_

Barley

mmmmmmmm
mmmmmm

(6y/fu) so10€4 UOISSIWE

-250-



euld esoiapuod 114 sejbnog

1“—7/

o

7

o
7

-

.

/7
v,

P77
w77
7

Bupepjows f§  Bulweid 3

'ysels
18010} ‘sabeyjs Bupepjows pue Bujwey ‘s10198} uoissjwe auazueg ebeleny ‘6's'y 0inbjy

- 002

ooy

009

oo8

0001}

oozl

(B>y/6ws) 20)084 UOISSIUT

~-251-



auld esolapuod 114 sejbnog

00

/
//

)
N

Buneplows ] Bujwejy

)sel0} ‘sebe)s Hujiepjows pue Bujweyy ‘si1o0)oe) uoissjwe suslhls ebeieAy 0L'Sv einbid4

4

005

009

(By/Bw) J0)0e 4 UOISSIWT

-252-



au|d esoIepuod 114 seibnoq

\
DN

7

- 0§

- 004

- 051

- 002

- 0S¢

- 008

Bupepiows [ Bujwej4 £3

*'Yse|s 15940}
‘sobeys Bupiepjows pue Bujwey) ‘si0108) uojssjwe susjeyiydeN ebeseay ‘LI'S'y oanby4

0SE

(63/Bw) Jojoed uoissjwug

-253-



(6y/6w) euejeyiydeN-O0A
0S€ 00€ 052 002 oSt 001 0§ A 0

001

00¢

00

oov

006§

009

00L

(abueu |In}) sesAjeue
HYd pue 30A Aq paujwJiajep se susjeyiydeu 10) $i0108}) uoissjiwg ‘g21'g'y eanbi4

(By/Bw) susjeyiydeN-Hvd

-254-



001

06

08

0L

{By/Bw) euseyiydeN-00A

09

0S

oy

oe

0¢

01

.-...-

‘(1:1 8] auj] ‘ebues mo)) sasAjeue

HYd PUe 20A Aq paujwalep se susjeyiydeu 10} §10198) UO|SS|WT “€1°S'y 8anbid

0c
ov
09
08
0ol
oct
ovi
09l
081
002

(63/6w) susreyiydeN-Hyd

~255-



08

0L

09

0s

(9,) eameseduwe) sub youlg

oy

0oe

0e

0]

-ainjesadwa) seb yoeys ysujebe sie)y Arewpd uo Hyd Jo uopoely “yi°s'p 8anbid4

ot
0¢
0e
oy
0S
09
0L
08
06
001

(o) 48}y uo HYd uonorld

~256-



{ByB1) eussyjusueyd
000'G2 00002 000'Gi 000°0t 000'S

-257-

(By/61) susyjuesonjy

-auayjuBIoN]} pue suaiyiueuayd 10} $10j08} UOISSIWT G|'Gy 84Nb|Y



000’8

000°Z

(By61l) eueyjueron|4
0009 000'S 000'v 000t 000'2

000°} 0

- 0

"

000t

Yo

000°2

000'¢

000't

{Ex/611) eusaAd

000'S

000'9

0002

000'8

-auaiAd pue suayjuelon|) 10} S10}08} UOISSIWT ‘9|'S'y ©nb|4

-258-



000'Ge

{By/61) euesjiusueyd
000°02 000'G1L 000°01 000°'S

000°t

000'2

000't

000

000'S

0009

‘augdesyue pue susiyjueusyd 1o} $10198} UOISS|WT °L1'S'p 8inbi4

(B>/B7) susseiyjuy

-259-



009t

(6x/611) euesAd[e]ozueg
00b'| 002'1 000'1 008 009 00V 002

-‘o

v 00¢

18]

009

008

000t

002’}

00%'t

-auaihd [a]ozuaq pue suaiAd[e]ozuaq 1o} si0}08} UOISS|WT "8 G 8anbi4

009°t

(Bx/61f) eueshd[a]ozueg

-260-






~ Flgure 4.6.1, Carbon Balance-Spreading Fires
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Figure 4.6.2. Carbon Balance - Plle Fires
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Figure 4.6.3. Nitrogen Balance-Spreading Fires
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Figure 4.6.4. Nitrogen Balance - Plle Fires
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Figure 4.6.5. Results of nitrogen balances - spreading fires.
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Figure 4.6.6. Normalized nitrogen distribution - spreading fires.
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Figure 4.6.7. Results of nitrogen balances - plle fires.
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Figure 4.6.8. Normalized nitrogen distribution - pile fires.
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Figure 4.6.9. Fuel sulfur emitted as SO2 - spreading flres.
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Figure 4.6.10. Sulfur balance - Spreading fires
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Figure 4.6.11. Normallzed sulfur balance - Spreading fires,
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Flgure 4.6.12. Fue! sulfur emitted ag SO2 - pile fires.
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Figure 4.6.13. Sulfur balance - Plle fires.
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Flgure 4.6.14, Normalized su'fur balance - Plie fires.
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Table 4.7.5. Emission factors (%) reported by Darley, 1977; 1979, for barley straw.

Barley (backing fires)
15% slope 25% slope

(Darley, 1877)
Moisture (%) 105 8.7 101 10.0 10.0
Particulate matter 0.397 0.427 0.534 0.433 0.478
co 4.492 5.613 6.157 6.294 6.261
HC 0.313 0.307 0.367 0.561 0.661
MMAD (umy) 0.03
(Darley, 1979)
Moisture (%) 13.4 12.7
Particulate matter 0.462 0.670
co 8.788 8.843
HC 0.831 0.618
NO 0.167
NO2 0.058
NOy (as NO2) 0.314
SO2 (by difference) 0.312

Table 4.7.6. Emission factors (%) reported by Darley, 1977; 1978, for corn stover.

Com (backing fires)
15% slope . 25% slope

(Darley, 1977)
Moisture (%) 16.9 108 1441 7.6 11.7
Particulate matter 0915 0740 0.669 0.817 0.747
co . 6534 65359 5693 5.969 5.798
HC 0.764 0600 0.600 0.768 0.623
MMAD (um) 0.12 0.07
(Darley, 1979)
Moisture (%) 15.4 145
Particulate matter 0.361 0.310
CcO 5.508 5.930
HC 0.508 0.380
NO 0.160
NO2 0.018
NOx (as NO2) 0.262
SO (by difference) 0.030
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Table 4.7.7. Emission factors (%) reported by Darley, 1977; 1979, for rice straw.

Rice (backing fires)

15% slope 25% slope
(Darley, 1977)
Moisture (%) 11.7 10.2
Particulate matter 0.470 0.351
CcO 4.196 4.866
HC 0311 0.445
MMAD (um) 0.07 0.10
(Darley, 1979)
Moisture (%) 147 15.1
Particulate matter 0.094 0.118
co - -
HC 0.135 0.188
NO 0.188
NO2 0.064
NOyx (as NO2) 0.352
SO2 (by difference) 0.100

Table 4.7.8. Emission factors (%) reported by Darley, 1977; 1979, for wheat straw.

Wheat (backing fires)

15% siope 25% slope
(Darley, 1977)
Moisture (%) 7.8 8.6 8.5 87 75 6.6
Particulate matter 0.428 0.531 0.683 0.587 0.638 0.567
co 4452 5248 4863 5576 5989  5.926
HC 0.174 0290 0.361 0.316 0822  0.557
MMAD (um) . 0.05 0.06
(Darley, 1979)
Moisture (%) 14.9 14.3
Particulate matter 0.464 0.327
co 7.503 7.707
HC 0.411% 0.683
NO 0.123
NO> 0.047
NOy (as NO2) 0.236
SO2 (by difference) 0.354
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Table 4.7.9. Emission factors (%) reported by Darley, 1977; 1979, for almond tree prunings.

Almond tree prunings

Cold Roll-on
(Darley, 1977)
Moisture (%) 389 26.3 38.9 26.3
Particulate matter 0.319 0.244 0516 0.373
CcO 3.061 1.364 4116 2.476
HC 0.565 0.204 0.859 0.495
MMAD (um) 0.08 0.07 0.08 0.13
(Dariey, 1979)
Moisture (%) 26.2 26.2
Particulate matter 0.142 0.115
cO 2121 1.836
HC 0.318 0.285
NO 0.115
NO2 0.041
NOx (as NOg) 0.217
SOp (by difference) 0.020

Table 4.7.10. Emission factors (%) reported by Darley, 1977, for walnut tree prunings.

Walnut tree prunings
Cold Roll-on

(Darley, 1977)

Moisture (%) 45.2 338 452 338
Particulate matter 0.575 0.415 0.757 0.408
(ole) 4.051 3.270 5.520 3.240
HC 0.675 0476 1.086 0.483
MMAD () ' 0.05 0.08 0.06 0.15
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Table 4.7.11.

Cco
COs
CHa
NMHC
PM
PM2.5

Table 4.7.12. Emission factors (%) reported by Ward, et al., 1989, for broadcast long

co
COo
CHg
NMHC
PM
PM2.5

Table 4.7.13. Emission factors {3%) reported by Ward, et al., 1989, for tractor/dozer piled

cO
CO2
CHa
NMHC
PM
PM2.5

CcO
CO2
CH4
NMHC
PM
PM2.5

Dozer piled mixed conifer slash

Flaming Smoldering Fire

2210 11.600 7.660

174.600 156.180 163.560

0.120 0.890 0.570

0.110 0610 0.400

0.570 1.250 1.020

0.330 0.700 0.540

Table 4.7.14. Emission factors (%) reported by Ward, et al., 1989, for crane piled mixed
conifer slash.

Crane piled mixed conifer slash

Flaming Smoldering Fire

5.030 11.610 9.270

167.470 151.110 157.170

0.470 1500 1.086

0.410 1.010 0.760

1.130 2210 1.820

0.590 1.550 1.170

Emission factors (%) reported by Ward, et al., 1989, for broadcast Douglas fir

slash.

Dougias fir (broadcast)

Flaming Smoldering Fire
7.150 23.150 15.620
169.230 140.180 154.100
0.230 0.760 0.550
0.210 0.420 0.360
1.234 1.748 1.478
0.745 1.306 1.090

needle pine slash.

Long needle pine (broadcast)

Flaming Smoldering Fire
4.450 14.240 8.920
170.060 148.550 160.090
0.150 0.730 0.410
0.180 0.480 0.320
'0.940 2430 1.980
0.500 1.710 1.100

mixed conifer slash.
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Figure 4.7.1. Burning Rate (g/s dry fuei basis) - Spreading Fires.
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Figure 4.7.2. Burning Rate (g/s dry fuel basls)- Pile Fires
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Figure 4.7.3. Heat Release Rate (kW) - Spreading Fires
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Figure 4.7.4. Heat Release Rate (kW) - Pile Fires
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Figure 4.7.16. Measured combustion efficiency in

comparison to combustion efficiency with closed carbon
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Fraction of stack carbon as CO2

Figure 4.7.17. Stack carbon as CO2 in comparison to
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combustion efficiency.
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Figure 4.7.18. Emission factor for CO against combustion efficiency.
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THC emission factor (%)
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Figure 4.7.19. Emission factor for THC against
combustion efficiency.
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PM emission factor (%)

sy

Figure 4.7.20. Emission factor for particulate matter

against combustion efficiency.
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NOx emission factor (%)

Figure 4.7.21. Emission factor for NOx against
combustion efficiency.
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S02 emission factor (%)

Figure 4.7.22. Emission factor for SO2 against
combustion efficiency.
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