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1.0  Executive Summary

This report compares the 1996 emissions associated with processing, trucking and
controlled combustion of orchard residues at Delano Energy Company (DEC) to the emissions
that would have been generated had the fuel been open field burned. It was determined that
combusting orchard residues as fuel at DEC resulted in a significant reduction in emissions of all
pollutants every month of the year. In 1996, had the orchard residues utilized at DEC been open
field burned, 7451 tons of criteria pollutants would have been emitted compared to the 262 tons
of emissions associated with controlled combustion of the fuel at DEC, or a 96 percent reduction
in emissions. Similarly, 5458 pounds of PAH would have been emitted compared to the 0.67
pounds associated with combustion at DEC. One of the benefits of the proposed California Air
Quality Improvement Initiative is that these emission reductions are anticipated to continue.
Further, an additional 2000 tons of criteria pollutants and 1500 Ibs of PAH would be avoided due
to increased diversion of orchard residues to DEC.

2.0 Introduction

One objective of the proposed California Air Quality Improvement Initiative is to reduce
emissions from open field burning of agricultural waste by providing an incentive for it to be
utilized as a power plant fuel. In Kern County, where Delano Energy Company is located,
almond orchards are a significant source of biomass fuel. The fuel consists of orchard removals
and prunings. When orchards pass their prime, they are removed and replanted with more
productive varieties. The old trees are referred to as “removals”. Removals are currently either
open field burned, cut for residential firewood, or chipped and transported to biomass power
plants. Orchard prunings are most often open field burned because it is too expensive to gather,
chip and transport to the power plant.

Economics aside, this study provides an assessment of the emission benefits associated
with processing, transporting, and controlled combustion of agricultural waste at a biomass
power plant as compared with open field burning. Specifically, the emissions generated by
controlled combustion of almond tree waste in Delano Energy Company’s (DEC’s) fluidized bed
boilers in 1996 are compared to the emissions that would have been generated if this waste had
been open field burned. The pollutants evaluated include: NOy, CO, SO,, PM,,, total
hydrocarbons (THC), and polyaromatic hydrocarbons (PAHs).

Depending on the reader’s perspective, the benefit associated with diverting agricultural
fuel to DEC may be evaluated in two different ways. First, if the reader is interested in the
bigger picture of how much benefit is derived from allowing agricultural fuel to be diverted from
open field burning to DEC, a net benefit would be calculated. One would determine the amount
of agricultural fuel burned by the plant, estimate the corresponding open field burning emissions,
and subtract out the emissions associated with collecting, transporting, processing and firing the
waste in the steam generator. Alternatively, if the reader is more rooted in reality and takes the
perspective that the steam generator is permitted and will continue to operate regardless of the
fate of the local agricultural fuel, the benefit is simply the avoided open field burning emissions.



Both perspectives are accommodated in this analysis since the reader may choose whether or not
to subtract the emissions associated with firing agricultural fuel at DEC.

Section 3 of this report presents the emission factors for open field burning of almond
tree waste. Section 4 presents the emissions associated with processing, transporting, and
controlled combustion at DEC. The results are compared and discussed in Section 5.

3.0 Open Field Burning Emission Factors

To estimate emissions from open field burning of almond tree waste (removals and
prunings), the following sources were considered:

e Recent experiments conducted in a wind tunne] at UC Davis' and sponsored by the
California Air Resources Board

o Experiments conducted for the California Air Resources Board in the 1970s*

e AP-42, the US EPA’s compilation of emission factors*

The recent work at UC Davis consisted of burning piles of various biomass fuels
including almond tree prunings within a wind tunnel. The exhaust stream flowed from the wind
tunnel through a stack and was analyzed for NOy, CO, CO,, SO,, THC, CH,, PM, PM,,, PM, ,,
polyaromatic hydrocarbons (PAHs) and VOC. This work is the only source for PM,,, PM, ,,
PAH and VOC emission factors. It was found that 98 percent of the particulate matter has a
mean diameter less than 10 microns and 93 percent is less than 2.5 microns. Because of the

limited number of tests conducted, the author has stated that a 50 percent error should be applied
to these emission factors®.

The work from the late 1970s was conducted by Ellis Darley and consisted of burning
prunings under a hood/stack and sampling the exhaust stream for NOy, CO, SO,, and PM. EPA’s
compilation of emission factors, AP-42, is based on work by Darley from the early 1970s.
Although no error bands are recommended by the author, a survey of the data indicates that the
scatter is within 12 percent of the reported average values.

Tables 1 and 2 present the open field burning emission factors for almond tree waste
provided by the sources mentioned above. Table 1 provides a summary of the reported criteria
pollutant emission factors for open field burning of almond tree waste. The wind tunnel
emission factors were reported on a dry basis. To convert to an as fired basis, a fuel moisture
content of 35 percent was assumed. An average of all the values except those obtained from
“roll-on” tests is calculated; the “roll-on” data were obtained by rolling fresh fuel on the top of
an older, smoldering fire. These conditions produced higher emissions and were excluded from
the average because “rolling-on” is not considered a normal burning practice.

The polyaromatic hydrocarbon (PAH) emission factors for open field burning of almond
tree waste are provided in Table 2. The reported emission factor in mg per kg of dry fuel has
been converted to a wet basis by assuming a 35 percent moisture content. Emissions of PAH are
estimated to be 9.3 mg for every kg of wet fuel burned.



Table 1. Criteria Pollutant Emission Factors for Open Field Burning of Almond Tree Waste

CARB 1996 AP-42* Darley!, Ib/ton Darley’
35% H,0'2 Cold Piles Roll-on Cold Piles | Averagé
Ib/ton Ib/ton 39% H,0 26% H.0 39% H,O 26% H,0 Ib/ton

co 415 46 37.4 20.1 434 29.2 34.8
NO, 4.7 3.2 4.0
SO, 0.1 0.3 0.2
CO, 2,383 2,383
PMjq 5.6 56
PMzs 5.3 5.3
THC 7.3 8 6.9 3 8.9 45 5.9
1. Reference 1. Values reported on dry basis, assumed 35% moisture to arrive at as fired
2. Due to velocity measurement errors authors recommend using factors based on calculated
3. Based on 1974 and 1975 Darley work.
4. Reference 3. Cold piles are emissions from a single pile. Roll-on refers to rolling new fuel onto old
5. Reference 2.
6. Average of all values but Darley's Roll-on.




Table 2. PAH Emission Factors for Open Field Burning of Almond Tree Waste

PAH Emission Factors

Pollutant mg/kg fuel’ Ib/ton fuel

dry 35% H,0 35% H,O

Naphthalene 7.307 4.750 9.50E-03
2-Methylnaphthalene 0.145 0.094 1.89E-04
Acenaphthylene 2.667 1.734 3.47E-03
Acenaphthene 0.178 0.116 2.31E-04
Fluorene 0.046 0.030 5.98E-05
Phenanthrene 2.039 1.325 2.65E-03
Anthracene 0.319 0.207 4.15E-04
Fluoranthene 0.524 0.341 6.81E-04
Pyrene 0.447 0.291 5.81E-04
Benzaanthracene 0.214 0.139 2.78E-04
Chrysene 0.206 0.134 2.68E-04
Benzo[b}fiuoranthene 0.043 0.028 5.59E-05
Benzo[k]fluoranthene 0.05 0.033 6.50E-05
Benzo[a]pyrene 0.028 0.018 3.64E-05
Benzo[e]pyrene 0.017 0.011 2.21E-05
Benzo[ghi]perylene 0.003 0.002 3.90E-06
TOTAL PAH 14.233 9.251 1.85E-02

1. From 1996 CARB Wind Tunnel Experiments, Reference 1.



4.0 Emissions Associated With Power Generation

The boilers at DEC fire a mix of agricultural fuel (almond tree waste) and dry urban
waste. In 1996, the fuel mix consisted of 63 percent agricultural fuel and 37 percent dry urban
fuel. The total amount of agricultural fuel fired was 295,000 tons. Because DEC is required to
obtain emission offsets, all of the agricultural fuel delivered to the plant comes with
documentation certifying that it would otherwise have been open field burned. An example of a
certification document is provided in the Appendix. The fuel is delivered to the plant at the time
that it would otherwise have been open field burned (orchards do not have storage capacity), and
the plant typically maintains a 30 day inventory of agricultural fuel. During the peak removal
season, the inventory may be as high as 45 days. Therefore, it is correct to state that all the
agricultural fuel received at DEC would otherwise have been open field burned and further, the
time that this fuel is fired is approximately coincident with the time that it would have been open
field burned. This is an important point when considering the seasonality issue of diverting
agricultural waste from open field burning to DEC.

The emissions associated with firing agricultural fuel at DEC consist of: off-site fuel
preparation and transportation emissions, boiler emissions, and emissions from on-site diesel
equipment. The equipment can be summarized as follows:

Off-site and Transportation: Bobcats to load waste onto chipper
Chipper
Trucks

Boilers: Unit 1 fluidized bed boiler
Unit 2 fluidized bed boiler

On-site Diesel Equipment:  Unit 1 emergency generator
Unit 2 emergency generator
Diesel driven fire pump
Skip loader 1
Skip loader 2

Emissions from each group of equipment were carefully quantified and are presented in
detail in the following sections.

4.1  Off-site and Transportation Emission Estimate

Figures 1 and 2 are photographs of the bobcats, chipper, and a typical truck used to
transport the waste to DEC. During 1996, 90 percent of the agricultural fuel was orchard
removals and 10 percent was prunings. This split was used to determine how many hours of
operation were required from the bobcats and shredder. It was estimated® that when prunings are
chipped, 2 bobcats and 1 chipper fill 6 trucks in a ten hour day. When removals are chipped, 4
bobcats and 1 chipper fill 15 trucks in a ten hour day. Each truck carries approximately 25 tons



Figure 1. Bobcats loading almond orchard removals onto chipper.



Figure 2. Almond tree fed into chipper which ejects chipped wood into truck.



of 35 percent moisture almond tree waste. The average distance to collect agricultural fuel in
1996 is estimated by the plant to be 29 miles.

Other off-site emissions that were not included in the equation are those from: the
bobcats that cut the trees down, equipment to prune the trees, the bobcats that move the
trees/prunings to the edge of the field, and the stump grinder. These were not included because
the emissions would occur whether or not the agricultural waste was used as fuel.

The NO,, CO, THC, and PM,, emission factors used for the bobcats, chipper and trucks
are shown in Table 3. The bobcat and chipper emission factors are from the California Air
Resources Board (CARB) emission inventory for off-road engines’. The truck emission factors
are from the current CARB on-road emission factor model (EMFAC7G)®. Finally, the emissions
associated with processing and transporting the 295,000 tons of agricultural fuel burned at DEC
in 1996 are also shown. Emissions of SO, are considered to be negligible. A standard emission
factor for diesel engine PAH is not available at this time, so these emissions are not estimated.

42 Boiler Emissions Estimate

Delano Energy Company operates two fluidized bed boilers built in the late 1980s. Each
boiler is equipped with flue gas recirculation and selective non-catalytic reduction for NOy
control, sorbent injection for SO, control and a baghouse for particulate control. The boiler
generating capacities and efficiencies are as follows:

Unit 1:
Net Generating Capacity 27 MW
Net Heat Rate 13,560 BtwkWh
Heat Input Rate 366 MMBtwhr
Unit 2:
Net Generating Capacity 21 MW
Net Heat Rate 12,904 BtwkWh
Heat Input Rate 271 MMBtw/hr

The boilers operate at full load year round and are only down for scheduled and occasional
unscheduled outages. In May of 1996 the boilers were. Not counting this outage, the 1996
capacity factors are 84 and 91 percent for units 1 and 2, respectively.

Table4 provides the monthly breakdown of criteria pollutant emissions from the boilers. It is
important to stress that care was taken to best approximate actual boiler year round emissions.
The emissions of NOy, CO, and SO, are based on monthly continuous emission monitor (CEM)
average emission rates. DEC maintains CEMs that comply with performance specifications in
Appendix B to 40 CFR Part 60 and performs regular RATAs and emission source testing using
approved reference methods and quality assurance practices. The CEM data were used in this

analysis since it more accurately represents actual monthly emissions than the annual compliance
source test results.



Table 3. Off-site Equipment Emissions to Prepare and Transport 1996 DEC Agricultural Fuel

Off-site equipment inputs

Bobcats' number 3.8
Bobcat size hp 50
Chipper number 1.0
Chipper size hp 700
Hours of operation hrs/day 10
Truck loads’ number 14
Ag fuel per truck tons/truck 25
Roundtrip distance miles 58
Engine Load Factors % 50

Equipment operation to provide 1996 ag fuel to DEC

Bobcat operation hrs/ton 0.11

Chipper operation hrs/ton 0.03

Ag Fuel Consumption tons/1996 295,000

Truck loads trips/yr 11,800

Truck mileage miles/yr 684,400

Bobcat operation hrslyr 31,801

Chipper operation hrs/yr 8,369

NOy CcoO PM,, THC*

Emission Factors

Bobcat? g/bhp-hr 11 4 0.8 1.00

Chipper? g/bhp-hr 13 2.2 0.6 0.75

Trucks® gm/mi 12.6 15.6 1.2 2.4
Emissions

Bobcat tons/yr 9.6 3.5 0.7 0.9

Chipper tons/yr 42.0 71 - 19 2.4

Trucks tons/yr 4.8 5.9 0.5 0.9

TOTAL tons/yr 56.4 16.5 3.1 4.2

T, Approximately 90% of agncultural fuel rom orchard removals, 10% from prunings
Remowals: 4 bobcats+1 shredder = 15 truck loads per 10 hr day
Prunings: 2 bobcats + 1 shredder = 6 truck loads per 10 hr day
2. Bobcat and chipper emission factors from off-road CARB Inventory (reference 7)
3. Truck emission factors from onroad CARB model EMFACT7G (reference 8)
assuming 1990 model year and 250,000 miles of degradation.
4. CARB models output TOG rather than THC. TOG emission factors were
corrected to THC by dividing by 1.202 (reference 9). :
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Because monthly average values for PM,, and THC are not available, these estimates
were based on the emission factors from the 1996 compliance source test. These emission
factors were previously submitted and accepted by the San Joaquin Valley Unified Air Pollution
Control District. It is important to stress that the firing rate and the fuel used during the
compliance test are consistent with normal year round operation. As mentioned previously, the
boilers typically operate at full load, and the compliance test fuel moisture content is within the
range of that fired throughout the year as may be seen in the Appendix. The emission factors for
THC and PM,, measured during the 1996 compliance source test are listed below in Ib/MMBtu:

Unit 1 Unit 2
THC 0.0006 0.0003
PM,, 0.0084 0.0184

The emission factors were multiplied by the average compliance test heating value to
arrive at an emission factor for each unit in terms of Ib/ton of fuel fired. This emission factor
was then multiplied by the tons of fuel fired each month in each unit to determine the pounds of
pollutant emitted per month. The tons of fuel fired in each unit were estimated from the known
agricultural fuel split between the two units and the total amount of fuel fired per month. The
pounds of each pollutant emitted which are attributed to firing almond tree waste were estimated
by multiplying the total pounds emitted by the fraction of fuel which was almond tree waste. It
is important to note that the fuel split between urban waste and agricultural fuel is fairly uniform
year round.

The annual boiler emissions of criteria pollutants are summarized in Table 5. The permit
levels for the criteria pollutants are also shown. In all cases, the actual emissions are well below
the permit levels. The PAH levels measured during the 1996 AB2588 air toxics testing are also
shown. The testing was performed only on unit 1. It was assumed that the unit 1 emission rates
would be similar to the unit 2 emission rates, so they were applied to unit 2 as well to estimate
total PAH emissions. The plant emits less than one pound of PAH per year.

4.3  Emissions From Other On-Site Equipment
The emissions from all of the other on-site equipment were determined through the use of the

CARB off-road emission factors referenced above. A load factor of 50 percent was assumed in
all cases. The emissions from the diesel on-site equipment are presented in Table 6.
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Table 5. DEC Boiler Permit Levels and 1996 Emissions

Pemit Lewel 1996 Emissions
Pollutant Unit 1 Unit 2 Total Total Ag Fuel

NOy tons/yr 140 110 250 163 102
co tons/yr 245 193 438 38.4 23.7
SO, tons/yr 58 46 103 7.8 4.8
PM tons/yr 73 45
PM,, tons/yr 39 31 70 38 24
NMHC tons/yr 140 33 173
THC tons/yr 1.4 0.86
Naphthalene Iblyr 0.567 0.354
2-Methylinaphthalene Iblyr 0.081 0.051
Acenaphthylene Iblyr 0.015 . 0.010
Acenaphthene Iblyr 0.016 0.010
Fluorene Iblyr 0.057 0.035
Phenanthrene Iblyr 0.171 0.107
Anthracene Iblyr 0.055 0.034
Fluoranthene Ib/yr 0.043 0.027
Pyrene Iblyr 0.039 0.024
Benz-a-anthracene Iblyr 0.004 0.002
Chrysene Iblyr 0.004 0.002
Benzo[b]fluoranthene Iblyr 0.004 0.002
Benzo[k]fluoranthene Iblyr 0.004 0.002
Indeno-123-cd-pyrene Iblyr 0.004 0.002
Dibenzo[ah]anthracene | Ib/yr 0.004 0.002
Benzo[ghi]perylene Iblyr 0.004 0.002
TOTAL PAH Iblyr 1.070 0.669

Notes:

1. Emissions of NOy, CO, and SO, based on monthly average CEM data.

2. Emissions of THC and PM based on June 1996 Compliance Source Test Report.

3. PAH emissions based on emission factors (lb/MMBtu) from Unit 1 1996 AB2588 testing.
PAH Unit 1 emission factors were also applied to Unit 2 to amive at total PAH emissions.

4. Emissions due to agricultural waste fuel were determined by multiplying total emissions by the
fraction of agricultural fuel fired.

5. Compliance Source Test value reported for NMHC is actually THC.

12
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5.0 Summary and Discussion °

The previous sections have provided estimates of the emissions associated with
preparing, transporting, and controlled combustion of DEC’s 1996 agricultural fuel as well as
estimates of the emissions that would have been incurred had the same waste been open field
burned. Table 7 provides a comparison of the two estimates for criteria pollutants. The total
criteria pollutant emissions attributable to agricultural fuel in 1996 from DEC is 262 tons. Had
the same fuel been open field burned, 7451 tons of criteria pollutants would have been emitted.
As may be seen in Table 8, the total PAH emissions attributable to agricultural fuel in 1996 from

DEC is 0.67 pounds. Had the same fuel been open field burned, 5,458 pounds of PAH would
have been emitted.

If the reader perspective is one of justifying whether the biomass facilities should exist,
the benefit of interest is equivalent to avoided open field burning less the DEC emissions. Hence
the net benefit of DEC is 7200 tons of criteria pollutants and 5457 pounds of PAH. If the reader
realizes that DEC is permitted and will continue to fire biomass fuels whether it is local almond

tree waste or not, the overall benefit is simply equivalent to the avoided open field burning
emissions.

In 1996, 63 percent of the DEC fuel was local almond tree waste. It is anticipated that
passage of the California Air Quality Improvement Initiative would increase the local almond
tree waste portion to 80 percent. As shown in Table 9, this would result in an additional 1989
tons of avoided open field burning criteria pollutants and 1457 pounds of avoided open field

burning PAH emissions. Conversion to 100 percent agricultural fuel is also indicated in the
table.

One argument that occasionally surfaces during discussions regarding diverting
agricultural waste from open field burning to biomass facilities is seasonality. While it is true
that open field burning of almond tree waste predominantly occurs during the fall and winter
months, there is a steady stream of local waste throughout the year which has been sufficient to
supply DEC with fuel on a year round basis. As shown in Figure 3, DEC is able to keep its
agricultural fuel consumption fairly constant throughout the year. Because DEC maintains a 30
to 60 day inventory, it is reasonable to assume that the time of agricultural fuel consumption at
DEC approximates the time that it would have been open field burned, providing an emission
benefit year round. Furthermore, recent changes to burn permit regulations and variables in
orchard management activities tend to levelize the amount of open field burning over a year. The
1996 monthly emissions from DEC attributable to agricultural fuel are compared graphically to
the avoided open field burning emissions in Figures 4 and 5. These figures indicate that there is
a substantial reduction in emissions of each criteria pollutant every month of the year.

Another issue concerning diversion of agricultural waste from open field burning to
biomass plants is spatial variations in emissions. Specifically, there is a concern that despite
overall reductions in emissions, the air quality at the biomass plant will deteriorate. This is a
complicated issue requiring site specific modeling which is beyond the scope of this study.
However, several mitigating factors for the DEC plant include:
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Table 7. DEC and Avoided Open Field Burning Criteria Pollutant Emissions for 1996

Open Bum Buming of Agricultural Fuel at DEC

Emissions’ Tons in 1996

Tons in 1996 Oft-site Boiler On-site Total
NOy 583 56 102 18 177
co 5,139 16 23.7 47 45
SO, 28 4.8 5
PM,qo 825 3 24 1.0 28
THC 876 4 0.9 1.3 6
Total 7,451 262

1 Determined by multiplying emission factor by tons of ag fuel fired at DEC in 1996.



Table 8. Comparison of DEC and Avoided Open field burning PAH Emissions for 1996

Open Bum DEC Boiler
Emissions Emissions
Pollutant Ibin 1996 Ibin 1986

Naphthalene 2,802 0.354
2-Methylnaphthalene 56 0.051
Acenaphthylene 1,023 0.010
Acenaphthene €8 0.010
Fluorene 18 0.035
Phenanthrene 782 0.107
Anthracene 122 0.034
Fluoranthene 201 0.027
Pyrene 171 0.024
Benz[a]anthracene 82 0.002
Chrysene 79 0.002
Benzo[b]fluoranthene 16 0.002
Benzo[k]fluoranthene 19 0.002
Indeno-123-cd-pyrene 0.002
Dibenzofah]anthracene 0.002
Benzo[a]pyrene 11

Benzo[e]pyrene 6.5

Benzofghi]perylene 1.2 0.002
TOTAL PAH 5,458 0.669
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Table 9. Estimated Impact of California Air Quality Improvement Initiative
on Avoided Open field burning Emissions Due to DEC Operation

DEC Firing
100%
Ag Fuel
otal Fuel Consumed in tons 467,200
Ag Fuel Consumed in 1996 tons 295,000
Additional Ag Fuel Consumption tons 172,200
Additional Awided Criteria Poliutants
Cco tons/yr 3,000
NO, tons/yr 340
SO, tons/yr 16
PM, tonsl/yr 481
THC tons/yr 512
Total Criteria tons/yr 4,349
Additional Awided PAH Emissions
Naphthalene Ibryr 1,636
2-Methyinaphthalene Iblyr 32
Acenaphthylene Iblyr 597
Acenaphthene Iblyr 40
Fluorene Ib/yr 10
Phenanthrene Iblyr 456
Anthracene Iblyr 71
Fluoranthene Iblyr 117
Pyrene Ib/yr 100
Benzaanthracene Iblyr 48
Chrysene Iblyr 46
Benzo[b}fluoranthene Iblyr 10
Benzo[k]fiuoranthene Iblyr 11
Benzo[a]pyrene Iblyr 6
Benzo[e]pyrene ib/yr 4
Benzo[ghi]perylene Iblyr 1
TOTAL PAH Iblyr 3,186

DEC Firing
80%
Ag Fuel
295,000
78,760

1,372
156

7
220
234

1,989

748
15
273
18

208
33

onwas2REL

1,457




Tons of Almond Tree Waste

50,000

Consumption of agricultural fuel is within approximately 30
days of receipt. Receipt of fuel is coincident with time it
would have been open field bumed.

40,000

30,000

January
February
March

20,000
10,000 I
0] : : : : , : : ;

= o =3 - - = 5 [
= c = [7] [+}]
g2 3 3 § £ § & ¢
4 9o 5} g )
g ° 5 g
A Z
Month, 1996

Figure 3. Agricultural fuel consumption at DEC in 1996.
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Figure 4. Comparison of DEC agricultural fuel emissions and
avoided open field burning emissions for 1996.
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Figure 5. Comparison of DEC agricultural fuel emissions and
avoided open field burning emissions for 1996.
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Open field burning occurs at ground level as opposed to the 150 foot DEC stacks

Open field burning emission rates are several orders of magnitude higher than those
from DEC for all pollutants evaluated, particularly PAH.

Agricultural fuel fired at DEC is local; it is collected from within a 29 mile radius

Open field burning can affect visibility over large areas; very possibly more than 29
miles

21
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Appendix

Examples of Offset Fuel Certification
Examples of Fuel Analyses
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RATORIES . Page 1
CHEMICAL ANALYSIS

JANO ENERGY Date Reported: 07/11/96

). BOX 1461

Date Received: 06/24/96

300 POND ROAD Laboratory No.: 96~07294-11

WANO, CA 93215
‘n: GEORGE HALL 805-792-3067
" Comphigne Tt "

ple Descriptiocn: RFFECIENCY TEST (Fm@omosm AG 100% SAMPLED o@
) THRO 6-24-96 ==

Sample Results Method
iIstituen As Received =~ _ Dry Basis  Units P.O.L. Method
Sture 18.00 ' % 0.05 BC
atiles 64.51 78.67 % 0.05 -
bon 39.75 48.48 4 0.0S AOAC-972.43
rogen 5.14 6.27 % 0.08 AQAC-972.43
gen ) 34.01 41.48 % 0.05 Calculated
ed Carbon 14.88 18.15 4 0.05 -
: 2.61 3.18 % 0.05 ASTM-D1102
'Ss Heating Value 6560. 8000. BTU/1b. 20. ASTM-E711
al Nitrogen 0.48 0.59 ¥ 0.05 AOAC-972.43
al Sulfur None Detected None Detected % 0.05 AOAC-972.43 |

e ————

-L. = Practical Quantitation Limit (refers to theleast amount “of analyt:e. |
- quantifiable based on sample size used and analytical technique employed). i

BRENCBS: . 4

IAC = "Official Methods of the Associaticn of Official Anal

STM = "American Society for Testing and Materials®
BC = BC Laboratory In-House Method’ oy

o

Schultz 2
sratory Director

TSR . TOERSES

' THERMO ENERGY SYSTEMS BRU NARD:
THERMO ECOTEK CORPORATIGRS] PAUL DESROCHERS

A

i s
uwuumnwamunudummnmummmummmw::mmmm
4100 Atlag Cr. - Aakearafield. CA QM . MAMS) 2074911 - FAY MO Ao ama o
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LABORATORIES , Page 1
CHEMICAL ANALYSIS

DELANO ENERGY Date Reported: 03/01/96
P.0. BOX 1461 Date Received: 02/19/96¢
31500 POND ROAD Laboratory No.: 96-02001-7

DELANO, CA 93215
Attn: ROY ASHBROOK 805-792-3067

Sample Description: SJH IXI COMPOSITE DAILY AG SAMPLED ON 1-25-96 THRU 2-5-96

Sample Results Method
Constituents As _Received Drv Basig Units P.O.L. Method
Moisture 15.33 ¥ 0.05 BC
Ash 1.3 1.6 ¥ 0.05 ASTM-D1102
Gross Heating Value 6570. 8140. BTU/1b. 20. ASTM-E711
Total Potassium 1450. 1800. mg/kg 50. SW-7610
Total Sulfur None Detected None Detected & 0.0S * AQAC-972.43
Chlorine 33. 41. mg/kg 20. ASTM-808
Total Sodium 112. 139. mg/kg s0. SW-7770
P.Q.L. = Practical Quantitation Limit (refers to the least amount of analyte

quantifiable based on sample size used and analytical technique employed).
REFERENCES :
AOAC

"Official Methods of the Association of Official Analytical Chemistsg"

ASTM = "American Society for Testing and Materialsg"
BC = BC Laboratory In-House Mathod
SW =

"Test Methods for Evaluating Solid Wastes Physical/Chemical Metheds*,
EPA-SW-846, September, 1986. ’

e NG E

laboratory Director

cc: THERMO FUELS - GREG KAYLOR N MR ~ 7 logs
cc: THERMO FUELS - PAUL DESROCHERS ' -

DELARNG Formm~l
e o ®

Al resuts Bsted In this report are lor Lo exclusive use of ve submining party. BC Laborstories, inc. sssumes a0 rasponaibiiity for n;\m Separstion, delachment or third party Intarprelafion.
4100 Atlas Ct. - Bokersfiald, CA 83308 - (805) 327-4911 - FAX (B80S) 327-1518

DEC 12 'S7 10:41 916. 773 1154 PAGE.0082
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LABORATORIES

Page 1
CHEMICAL ANALYSIS :
TELANO ENERGY Date Reported: 07/19/%96
P.O. BOX 1461 Date Received: 07/05/96
31500 POND RQAD Laboratory No.: 96-07820-6
DELANO, CA 93215
Attn: ROY ASHBROOK 805-792-3067
Sample Description: JACK RABBIT COMPOSITE DAILY AG SAMPLED ON 2-11-96 THRU €-8-9¢
Sample Resuwlts Method
Constituents As_Received Dry Basis Onits P.O.L. Methed
Moisture 25.94 % 0.05 ASTM-EB871
Ash 2.8 3.8 % 0.05 ASTM-D1102
Gross Heating Value 58390. 7850. BTU/1b. 20. ASTM-E711
Total Potassium 2400, 3240. mg/kg 50. SW-7610
Total Sulfur None Detected None Detected % 0.05 AOAC-972.43
Chlorine €6. 89. ng/kg 20. ASTM-808
Total Sodium None Detected None Detected mg/kg 50. SwW-7770

quantifiable based on sample size used and analytical technique employed).

of Official Analytical Chemists"

P.Q.L. = Practical Quantitation Limit (refers to the least amount of analyte
REFERENCES:
AOAC = "Official Methods of the Association
ASTM = "American Society for Testing and Materials®
SW =

EPA-SW-846, September, 1586.

.

*Test Methods for Evaluating Solid Wastes Physical/Chemical Methods",

P

RECEWED |
D80, T
— ' i
pan Schultz '
Laboratory Director ‘) i_‘ﬂJL : 31956 ;
S ) _J
¢¢: THERMO ENERGY SYSTEMS - BRUCE GERMINARO . .
cc: THERMO ECOTEK CORPORATION -. PAUL Dzsnocsn;&E_l'_lW_O_._E.'\f.tRGv CO

Al rosuls listed in this report are for (he exclusive use ol the sudmitting party, BC Laboralories, Inc. szaumes no responaibiiRy lor report alterstion, separation, delaschment or third party Inlerpretation.

4100 Acies Cre. - Bakersfield, Ca 83308

DEC 12 '97 18:41

. (BOS) 327-43911 - FAX (B0OS) 327-1918

918 773 1154 PAGE.©@3
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ABORATORIES Page 1
CHEMICAL ANALYSIS

DELANO ENERGY Date Reported: 08/02/96

P.O. BOX 1461 Date Received: 07/19/9€

31500 POND ROAD lLaboratory No.: 96-08424-1

DELANO, CA 83215
Attn: ROY ASHBROCK 805-792-3067

Sample Description: WILSON AG COMPOSITE WEEXLY AG SAMPLED ON 5-31-96 THRU 7-4-56

Sample Results Method
Constirtuenes As Received Drv Basis Units P.O.L. Method
Moisture 25.87 ¥ 0.05 ASTM-E871
Ash 1.5 2.0 % 0.0S ASTM-D1102
Gross Heating Value 60S0. 8160. BTU/lb. 20. ASTM-E711
Total Potassium 1170. 1580. mg/kg 50. SW-7610
Total Sulfur None Detected None Detected % 0.05 AOAC-972 .43
Chlorine None Detected None Detected mg/kg 20. ASTM-808
Total Sodium 38. 52. mg/kg 50. SW-7770
P.Q.L. = Practical Quantitation Limit (refers to the least amount of analyte

quantifiable bagsed on sample size used and analytical technique employed).

REFERENCES:
AOAC = "Official Methods of the Association of Official Analytical Chemists"
AST™ "American Society for Testing and Materials"

SW ’Test Methods for Evaluating Solid Wastes Physical/Chemical Metheds”,
EPA-SW-846, September, 1936.

4%%

Dan Schultz O
Laboratory Director

c: THERMO ENERGY SYSTEMS - BRUCE GERMINARO
: THERMO ECOTEK CORPORATION - PAUL DESROCHERS

Al rasults listed in thia report are for the exclusive use of Ihe submining party. BC Laboratores, inc. s3sumes no responsidility Tor report ateration, separalion, detachment of third party intorpreiation.
4100 Atlas Cc. - Bekersfield, CA 93308 - (B0S) 327-4911 - FAX [B05)327-1918

DEC 12 '87 18:42 916 773 1154 PAGE.0B4
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LABORATORIES

Page 1
CHEMICAL ANALYSI%

DELANO ENERGY Date Reported: 07/19/96
P.O. BOX 1461 Date Received: 07/05/96
21500 POND ROAD Laboratory No.: 96-07820-5
DELANO, CA 93218
Attn: ROY ASHBROOK 808-792-3067
Sample Description: SJH I COMPOSITE DAILY AG SAMPLED ON 6-19-S6 THRU 7-3-96

Sample Resultg Method
Constituents As Received Drv Basis Units P.O.L, Method
Moisture 14.71 % 0.08 ASTM-E871
Ash 1.3 1.5 % 0.05 ASTM-D1102
Gross Heating Value 6780. 7950. BTU/1b. 20. ASTM-ET711
Total Potassium 1300. 1520. mg/kg 50. SW-7610
Total Sulfur None Detected None Detected ¥ 0.05 AOAC-972.43
Chlorine Ss. 6S. mg/kg 20. ASTM-808
Total Sodium 196. 230. mg/kg so0. SW-7770

P.Q.L. =

Practical Quantitation Limit (refers to the least amount of analyte

Quantifiable based on sample size used and analytical technique employed) .

REFERENCES:
AQAC
ASTM

sw

-

=

"Official Methods of the Associatien
"American Society for Testing and Mat
"Test Methods for Evaluatin
EPA-SW-846,

September, 19586.

Dan Schultz

Laboratory Director f Jy 2 31595
cc: THERMO ENERGY SYSTEMS - BRUCE GERMINARO L
cc: THERMO ECOTEK CORPORATION - PAUL DESROCHERS DELEKD EN:Zap- Tn

Ali results Usted in this repart are for tha sxclusive yse of the tubmiting party, BC Laboratories, Ine. assumas no respona
4100 Aciag Ce.

DEC 12 ’97

19:42

of Official Analytical Chemistg"

erials"

g Solid Wastes Physical/Chemical Methods",

— e e m—

RECEED
[ j

916 773 1154

ibility for repon shtaration, separation, detachment or third party intarpretation.
- Bakersfield, CA 83308 - (B0S)327-4811 : FAX (B0OS) 327-1918
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ABORATORIES Page 1
CHEMICAL ANALYSIS

DELANO ENERGY Date Reported: 03/01/96
P.O. BOX 1461 Date Received: 02/19/96
31500 POND ROAD Laboratory No.: 96-02001-4

DELANO, CA 93215
Attn: ROY ASHBROOK 805-792-3067

Sample Description: SJH II COMPOSITE DAILY.AG SAMPLED ON 1-19-96 THRU 1-30-96

] le R £ Method

c i n As Received Dxry Basis Units P.O0.%L. Method
Moisture 33.32 % 0.05 BC
Ash 1.9 2.9 % 0.05 ASTM-D1102
Gross Heating Value 5500. 8250. BTU/1b. 20. ASTM-E711
Total Potassium 1890. 2830. mg/kg 50. SW-7610
Total Sulfur None Detected None Detected % 0.05 AOAC-972.43
Chlorine 39. 59. mg/kg 20. ASTM-808
Total Sodium 72. 108. mg/kg 50. SW-7770

} -
P.0.L. = Practical Quantitation Limit (refers to the least amount of analyte

quantifiable based on sample size used and analytical technique employed) .

REFERENCES:

AOAC = "Official Methods of the Association of Official Analytical Chemists"”
ASTM = "American Society for Testing and Materials"
BC = BC Laboratory In-House Method
SW = "Test Methods for Evaluating.Solid Wastes

EPA-SW-846, September, 1986. ' ' .

G L oaml,

Dan Schultz J
Laboratory Director

Physical/Chemical Methods®,
oo v ERCT R

.

cc: THERMO FUELS - GREG KAYLOR
cc: THERMO FUBLS - PAUL DESROCHERS

umuhnnedhmhnponmmududnuudmsubnuulngpany.scubonmdu.me.mmnommmmmudomwnumdemmumpamlnumrmm
4100 Atlas Ct. - Bakersfield, CA S3308 - (805) 327-4911 - FAX [BOS) 327-1918
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ABORATORIES Page 1

" CHEMICAL ANALYSIS

DELANO ENERGY Date Reported: 08/02/96
P.O. BOX 1461 Date Received: 07/19/96
31500 POND ROAD Laboratory No.: 96-08424-1

DELANO, CA 93215
Attn: ROY ASHBROOK 805-792-3067

Sample Description: WILSON AG COMPOSITE WEEKLY AG SAMPLED ON 5-31-96 THRU 7-4-96

Sample Results Method
Constituents As Received Dry Basis Units P.O.L. Method
Moisture 25.87 : % 0.05 ASTM-E871
Ash 1.5 2.0 % 0.05 ASTM-D1102
Gross Heating Value £€050. 8160. BTU/1b. 20. ASTM-E711
Total Potassium 1170. 1580. mg/kg 50. SW-7610
Total Sulfur None Detected None Detected ¥ 0.0S AOAC-972.43
Chlorine None Detected None Detected mg/kg 20. ASTM-808
Total Sodium 38. 52. mg/kg 50. SW-7770
’
|
!
P.Q.L. = Practical Quantitation Limit (refers to the least amount of analyte
quantifiable based on sample size used and analytical technigque employed).
REFERENCES: _-
AOAC = "Official Methods of the Association of Official Analytical Chemists" :

ASTM = "American Society for Testing and Materials"

sw "Test Methods for Evaluating Solid Wastes Phys;cal/Chem;cal Methods",
-EPA-SW-846, September, 1986.
Qe
(v
Dan Schultz O

Laboratory Director
cc' : THERMO ENERGY SYSTEMS - BRUCE GERMINARO
cc: THERMO ECOTEK CORPORATION - PAUL DESROCHERS

Al results Bsted in this report are for the exclusive use of the submitting party. BC Laboratorles, Inc. assumes no responsibliity for report alteration, separation, detachment or third party interpretatic
4100 Atlas Ct. - Bakersfield, CA 83308 - (BOS) 327-4911 - FAX (BOS) 327-1891 8




ABORATORIES

. Page 1
CHEMICAL ANALYSIS .

"
"

DELANO ENERGY

P.O. BOX 1461 .

31500 POND ROAD

DELANO, CA 93215

Attn: ROY ASHBROOK 805-792-3067

Date Reported: 12/06/96
Date Received: 11/18/96
Laboratory No.: 96-13407-6

Sample Description: JACK RABBIT COMPOSITE DAILY AG FUEL SAMPLED ON 9-30-96 THRU 11-11-96

Sample Results Method
Constituents As Received Drv Bagis Units P.O.L. Method
Moisture 33.15 % 0.05 ASTM-E871
Ash 1.5 2.3 % . 0.0S ASTM-D1102
Gross Heating Value 5390. 8060. BTU/1b. 20. ASTM-E711
Total Potassium 2190. 3280. mg/kg 50. SW-7610
Total Sulfur * 0.05 N 0.07 ¥ 0.05 AORC-972.43
Chlorine 38. 57. mg/kg 20. ASTM-808
Total Sodium 39. 58. mg/kg 50. SW-7770

|

?.Q.L. = Practical Quantitation Limit (refers to the least amount of analyte

quantifiable based on sample size used and analytical technique employed).

REFERENCES :
AOAC = "Official Methods of the Association of Official Analytical Chemists"
ASTM = "American Society for Testing and Materials"

SW = "Test Methods for Evaluating Solid Wastes Physical/Chemical Methods",
EPA-SW-846, September, 1986.

Flag Explanations:
* = Sample analyzed by Desert Analytics

SSaec

Dan Schultz
Laboratory Director

cse: THERMO ENERGY SYSTEMS - BRUCE GERMINARO
cc: THERMO ECOTEK CORPORATION - PAUL DESROCHERS

;
results listed in this report are for the exclusive use of the submitting party. BC Laboratories. Inc. assumes no responsibility for report alteration, separation, detachment er third party interpretation. -
4100 Atlas Ct. - Bakersfield, CA 93208 . (805) 327-4911 - FAX (80S5) 327-1918 ’_E



