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The Newfoundland Offshore Burn Experiment - NOBE
Preliminary Results Of Emissions Measurement
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Summary

A group of over 25 agencies from Canada and the United States conducted a
major offshore burn near Newfoundland, Canada. Two lots of oil, about 50 tons each,
were released into a fire-proof boom. Each burn lasted over an hour and was monitored
for emissions and physical parameters. Over 200 sensors or samplers were employed to
yield data on over 2000 parameters or substances. The operation was extensive, over 20
vessels, 7 aircraft and 230 people were involved in the at-sea operation.

The quantitative analytical data show that the emissions from this in-situ oil fire
were less than expected. All compounds and parameters measured are below health
concern levels beyond about 150 metres from the fire, very little was detected beyond
500 metres. The fate and behaviour of oil components in fires, are still not fully
understood and could be the subject of future experiments. Pollutants were found to be
at lower values in the Newfoundland offshore burn than they were in previous pan tests.
The reasons for this are not fully understood, but the offshore test appears to have
resulted in more efficient combustion.

Polyaromatic Hydrocarbons (PAHs) were found to be lower in the soot than in
the starting oil and were consumed by the fire to a large degree. Particulates in the air
were measured by several means and found to be of concern only up to 150 metres
downwind at sea level. Particulate matter may not be a concern past this distance except
perhaps in the plume remnants. Combustion gases including carbon dioxide, sulphur
dioxide and carbon monoxide did not reach levels of concern. These gases are emitted
over a broad area around the fire and are not directly
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associated with the plume trajectory. Volatile organic
compounds (VOCs) were abundant, however were
less than emitted from the non-burning spill. Over 50
compounds were quantified, several at levels of
concern up to 150 metres downwind.

Water under the burns was analyzed; no
compounds of concern could be found at the detection
level of the methods employed. Toxicity tests
performed on this water did not show any adverse
effect. The burn residue was analyzed for the same
compounds as the air samples. PAHs were found at
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Table 1 - Burn Summary
Burn1

Oil volume discharged - 48.3 m’

Burn and Pump time - 1.5 hours
Residue in fireproof boom - 0.2 m*
(max.)

Residue in backup boom - 0.2 m’ (max.)
Efficiency - >99%

Burn 2

Oil volume discharged - 28.9 m®

Bum and Pump time - 1.3 hours

Residuc in fireproof boom - 0.1 m® (max.)
Residue in backup boom - 0.3 m*(max.)
Efficiency - >99%

Volume
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lower concentrations in the residue than in the starting oil. The overall mass of PAHs
including that of the higher-molecular-weight species, was about 6 orders-of-magnitude
lower after the burn. Overall, indications from these burn trials are that emissions from
in-situ burning are low in comparison to other sources of emissions and result in
acceptable concentrations of air contaminants.

SAMPLING
Sampling methodologies and target emissions are summarized in Table 2. Detailed
methods are described in the literature. '

Table 2 Summary of Analytical Methods

Sample Sampler M S dary Additional
Taken Parameter Parameters  Parameters

" High Volume Sampler Dioxins and Particulates PAHs
3 Dibenzofurans
Sampling Pump PAHs Particulates
medium volume Metals
RAM Particulates
. Cascade sampler Particle size PAHs
: +: Sampling Pump PAHs Particulates  Metals
low volume
blimp, ot , research
alrcraft
umma Canister Volatile Organlc CO,
Compounds
Impinger Sulphur Dioxide
CO, Meter Carbon Dioxide
SO, Meter Sulphur Dioxide
NO, Meter Nitrogen Dioxide
CO Meter Carbon Monoxide
PAHs Metals Full Analysis
PAHs Metals Full Analysis
PAHs Organics Toxicity

The instruments used during the NOBE experiment are listed in Table 3. The
generalized layout of sampling platforms is shown in Figure 1.
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Figure 1
Analytical Platforms
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Table 3

Instruments Used

Sensor

PS-1 High volume sampler

Cascade impactor

RAM*

Gilian 513A pump and cyclone
Summa canister

Gilian Aircon 2

Gilian 513A pump and DNPH cartridge
Armstrong CD-1*

Cannonball*

Item Sampled

PAHs, dioxins and dibenzbfurans, total
particulates

PAHSs and particulates of 10 microns
and less

Real time monitoring of particulates
Particulates of 5 microns and less
VOCs

Metals

Carbonyls

Carbon dioxide

Carbon monoxide and sulphur dioxide

Exotox 75* Carbon monoxide, sulphur dioxide and

nitrogen dioxide
Gilian 513A and impinger
Sigma 800SL

Sulphur dioxide
Water

The items marked with an * indicate that the data is recorded on a data logger. The other sensors are physical samplers and
are collected an filters or in special containers.

The following is a more detailed description of the sampling and analysis
procedures.

PAH and total particulates

Method |

High-volume air sampling was performed using a General Metal Works model
PS-1 instrument modified to be fitted on the deck of the sample boat. The PS-1 sampling
heads were rinsed with hexane prior to loading the media The sampling media consisted
of 3" diameter glass fibre filter and a polyurethane foam (PUF) filter - 3" thick, density
0.022 g/cm®. The media was manipulated with powderless gloves. After collection, the
filters were wrapped in aluminum foil and placed in the glass jar which contained the
PUF filter wrapped in foil and refrigerated.

The flow rate varied between 128 and 279 L/min, the lower flow rates
corresponding to older instruments. The volume of air going through the samplers
during the experiment varied between 9200 and 13,600 L.

All glass fibre filters were pre-weighed and then weighed after the experiment.
The PUF filter and fibre filter were then combined for extraction and subsequent GC-
MSD analysis for PAHs.
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Method 2

A 8-stage non-variable cascade impactor by Anderson was used to collect various
fractions of particulates at a constant sampling rate of 28.3 L/min. The instrument was
mounted on the mast of the remote-controlled sampling boat approximately 1 m above
deck level. The filters consisted of quartz fibre. The inside of the sampling unit was
rinsed with hexane prior to the experiment. After sampling was completed, these were
wrapped in aluminum foil before being placed into an envelope and refrigerated. All
filters were pre-weighed and then weighed after the experiment. The variations in
weights were so small that all eight filters for each stack were combined for extraction
and GC-MSD analysis for PAHs.

Particulates-real time

A MIE Ram-1 instrument was used to perform real-time aerosol monitoring and
measure relative concentrations of airborne particulates. This instrument responds to a
physical particle size of 0.1 to 10 microns. The flow rate of this instrument is 2 L/min
and Tygon tubing was connected from the instrument to the mast to allow sampling at
1 m above deck level. The instrument was connected to a data logger which recorded
the data every minute.

Particulates - less than 5 microns

A Cyclone sampler equipped with a Gilian 513A pump was used to collect
particulates smaller than 5 microns on a PVC (37 mm) filter placed inside a cassette
(Tygon tubing connections). Tygon tubing was connected from the instrument to the
mast to allow sampling at 1 m above deck level. Flow rates varied between 1.7 and 2
L/min and collected air volumes between 57 and 122 L. The cassette was capped and
refrigerated.

All filters were pre-weighed and then weighed after the experiment under the
same conditions. The filters were extracted and analyzed for PAH content using GC-
MSD.

YocC

Multiple 6 L SUMMA canisters pre-evacuated to 0.05 mm of Hg were used to
collect air for analysis for VOCs, CO and CO,. The flow controller (restricted orifice)
was adjusted to 500 cc/min for evaporation period and to 100 cc/min for the burn.

Metals

A Gilian Aircon 2 was used to pump air through a tube on which a 37 mm
canister containing a 0.8 um pre-weighed cellulose ester filter was attached. Tygon
tubing was connected from the instrument to the mast to allow sampling at 1 m above
deck level. The elements to be measured included Mo, Zn, Pb, Ni, Fe, Cr, Mg, V, Cu,
Ti, Ba. The flow rate of the pump was set at approximately 2 L/min yielding total
volumes of 62 to 144 L. The cassette was capped and refrigerated after the experiment.

Carbonyls

A Gilian 513A was used to pump air through a DNPH (2,4-
dinitrophenylhydrazine)-silica cartridge attached via a Tygon tube. Tygon tubing was
connected from the instrument to the mast to allow sampling at | m above deck level.
The cartridge contains 350 mg of silica coated with 1.0 mg of DNPH. The flow rate was
set between 185-250 cc/min and the pumped air volumes was between 1.1 and 18 L. The
sample was wrapped in aluminum, placed in a small amber vial and refrigerated.

co,

The CD-1 Armstrong carbon dioxide sampler was used at a sampling rate of 1
L/min. Tygon tubing was connected from the instrument to the mast to allow sampling
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at 1 m above deck level. The data was logged every minute.
SO.

. The Exotox 75 was used to analyze all three gases. Its flow rate was 300
mL/minute. The Cannonball was used for carbon monoxide and sulphur dioxide only
at a flow rate of 1 L/min. Tubing was connected from the instrument to the mast to allow
sampling at 1 m above deck level. The data was logged every 30 seconds.

SO, Wet Precipitation

The concentration of sulphur dioxide in the air was also measured using the
impinger method. A known volume of air was drawn through a Tygon tube attached to
a filter (37 mm methyl cellulose ester, 0.8 pm) contained in a cassette and through a
midget bubbler (25 mL) containing 15 mL of 0.3N hydrogen peroxide. Again the end
of the tubing was connected to the mast to allow sampling at 1 m above deck level. The
flow rate of the Gilian 513A pump was set between 90-200 cc/min and air volumes
between 3 and 14 L passed through the impinger. Samples were transferred in amber
vials and refrigerated. Subsequent analysis was performed using method NIOSH S308
and using the following materials.

-250 mL beaker, dropper, 100 mL graduated cylinder, burette

-pH meter

-0.3 N hydrogen peroxide

-isopropanol

-1.8 percent perchloric acid

-Thorin indicator

-0.005 M barium perchlorate

-magnetic stirrer and bar

Water Samples

Sigma 800SL samplers were used to collect water samples for both toxicity and
organic compound analyses. One sampler contained 4 x 1 gallon sterile glass bottles
with Teflon lined caps (for toxicity testing) and the other contained 24 x 350 mL (for
organic measurements). The samplers were located on the deck of the boat and Teflon
tubing was attached to a pole which was lowered into the water at approximately 1 m.

All samples were collected and placed in refrigerated coolers and shipped to the
laboratory within 24 hours of collection. The smaller bottles were sent to the ETC for
chemistry analysis and the larger bottles (although not full) were sent to EVS consultants
in B.C. for toxicity analysis.

Not all planned samples were collected because of malfunction of the samplers.
The instruments were factory set to contain 24 bottles and there was no problem to obtain
those. Some of the samplers were modified to collect the 1 gallon jars. The volumes
collected were much lower than expected. It seems that the shorter arms required to
collect the larger jars were not adjusted properly.

Oil and Residue Sampling

The crude oil samples were manually collected prior to loading the oil on the
Canadian Coast Guard vessels. Crude oil and residue samples were collected from the
surface of the water before and after the bum experiments. The samples were stored in
metal containers. Following the experiment the free water was removed from the oil and
residue samples. Two representative 40 mL aliquots were taken from the samples in the
metal containers and used for the chemical analysis.
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Sample preparation and work up prior to chemical analysis

Starting oil and residuum samples
Analytes: Polycyclic aromatic hydrocarbons (PAHs), total petroleum hydrocarbons
(TPH) including bio-markers, and metals.

A 1-g aliquot of oil was diluted in 10 mL hexane to precipitate asphaltenes. An
aliquot equivalent to 20 mg of the oil was then spiked with surrogate PAH and bio-
marker standards and fractionated on an activated silica column. The hexane and
benzene fractions that contained the saturates and aromatics respectively, were then
analyzed separately using either GC/MSD or GC/FID. Internal standards for PAHs (d14-
terphenyl) and TPH (5-«-androstane) were added to the final extract before analysis. The
pre-injection volume was typically 1 mL.

For ICP analysis of metals, a 200-mg aliquot of oil was digested in a Teflon
vessel in a CEM 630-watts microwave oven. Ten mL of nitric acid was added to the oil,
which was digested for 10 min using an initial power setting of 50 %. After 10 min, 60%
power was used to complete the digestion (total time, 200 min). Final volume was made
up to 50 mL (typical) prior to analysis using an ICP spectrometer.

Water samples
Analytes: PAHs, and headspace volatile organics (VOC)

Water samples were stored at 4°C until analyzed. For the determination of PAHs,
aliquots of 500-1000 mL were spiked with a mixture of PAH surrogate standards and
extracted three times with dichloromethane. The combined raw extract was then
concentrated to a small volume. In preparation for analysis, an internal standard of d14-
terphenyl was added and the volume made up to 1 mL.

For headspace analysis, a 10-mL aliquot was placed in a 20-mL capped
headspace vial and equilibrated for 45 min at 85°C. A 1-mL aliquot of the headspace was
injected via a gas sampling loop into a GC/MSD.

Air/smoke samples
Analytes: PAHs, dioxin/furans (DX), metals, Summa VOCs, and carbonyls (aldehydes
and ketones)

Filter, PUF, PUF/XAD, airbome particulate samples from the blimp and
helicopters were individually wrapped in solvent-washed aluminum foil, placed inside
a glass jar and were kept cool during transit. They were spiked with surrogate PAH and
DX standards and extracted with 10% benzene with dichloromethane. The raw extract
was concentrated and applied quantitatively to an activated silica column. The first
fraction of hexane containing saturates was analyzed to ensure there was no carry-over.
The second fraction, containing PAHs, was recovered using benzene. This fraction was
concentrated, spiked with d14-terphenyl as an internal standard and made to 1 mL before
GC/MSD analysis. For a few selected samples the hexane fraction was also retained and
examined for the distribution of aliphatics and bio-marker compounds.

The DX samples were spiked with a mixture of carbon-13 surrogates of
dioxins/furans and extracted by soxhlet using toluene. The raw extract was cleaned up
using an acid/base silica column which removed the easily-oxidizable organics. This was
followed by an activated alumina column which separated the dioxins/furans from
interfering PCB, pesticides etc. A typical pre-injection sample volume was 20 pL.

For metal analysis on soot samples collected on the remote-controlled sample
boats, the mixed cellulose ester filters were digested in the same manner as the oil
samples for ICP analysis.

Up to 1.2 litre of the Summa VOC sample was cryogenically trapped using liquid
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nitrogen on the Entec Summa concentrator. Perma Pure Dryers were used to dry the
sample stream to prevent ice formation in the lines. After trapping for 30 min at a gas
flow at 40 mi/min, the trap was heated to 100°C and the non-methane organic
compounds were desorbed into a GC/MSD operated in selected ion monitoring (SIM)
mode. Two other determinations of each Summa canister were also performed using two
GC with optimized columns and conditions to determine C2 and C3-C12 hydrocarbons.

The carbonyl samples collected on the DNPH-silica Sep-pak were wrapped
individually and shipped in a capped amber vial and kept cool to minimize degradation.
The cartridge was extracted using 5 mL of acetonitrile and analyzed on an HP 1090
HPLC.

Analytical protocols

All organics

A HP 5890 GC was interfaced directly to a HP 5972 MSD. The GC was equipped
with 2 HP 7673 auto sampler. Control of the entire system, data acquisition and data
handling was by a HP ChemStation (DOS series). The column used for separation was
a DB-5 30-m X 0.25 mm ID capillary column with 0.25-pum film. The GC temperature
program used for PAH analysis was as follows: initial, 90°C for 1 min, first temperature
ramp, 25°C/min to 180°C, second temperature ramp @ 5°C/min to a final temperature of
290°C for 15 min. A 1-uL aliguot was injected in the splitless mode (purge off: 1 min).
Injector, interface and source temperature were 290°C, 300°C and 180°C respectively.

For PAH and bio-marker analysis, the MSD was operated in the SIM mode,
monitoring 2-3 ions of each target analyte with a dwell time of 50 millisec for each ion.
Autotune was used to tune the MSD daily to ensure day-to-day reproducibility.

Daily calibration was carried out by injecting a diluted solution of SRM 1491
(nominal concentration=0.7 ppm) which contained 26 compounds covering 2- to 6-
ringed PAHs. The instrument detection limit was 0.1 ppm. Daily calibrations were
performed to verify the column resolution and MS sensitivity. The response of the
interna) standard (d14-terphenyl) was used to correct for instrumentation drift and
analytical variations.

TPH measurement was performed using GC/FID. Calibration was by means of
an alkane mixture covering the range from C-8 to C-40.

Instrument detection limit: in SIM mode, 0.01-0.05 ng/uL (ppm) for target PAH.

Method detection limit: 0.1 ppb for 500 mL water; 1 ppm for 25 mg oil; 0.01
ug/m’® for a 10-m? air/smoke sample volume.

Dioxins/Furans

Ultra-trace analysis of dioxins/furans was carried out on an HP 5890 GC coupled
to the VG 708, which is a double focusing high resolution MS operated in the electron
impact mode. The MS was tuned using PKF to achieve a resolution of at least 10000
(10% valley). One pL of sample was injected in the splitless mode on a 60-m DB-5
capillary column, with 0.25-mm ID and 0.25-um film thickness. The temperature
program was as follows: 70°C for 1 min, 100°C to 200°C @ 40°C/min, 200°C to 235°C
@ 3°C/min and hold for 10 min, 235°C t0 310°C @ 8°C and held for 15 min. Injector and
interface temperature were at 300°C and 290°C respectively.

The system was calibrated with a standard mixture of all 17 2,3,7,8-substituted
DX/DF congeners, containing the same set of C13-labelled surrogates, C13-labelled
1,2,3,4-TCDD and 1,2,3,7,8,9-HCDD congeners which were added to the sample
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extracts as internal and time reference standards.

Instrument detection limit: 0.2-1 pg/pL (ppb) operated at 10000 resolution.
Method detection limit: 2 pg/m® for a 10-m’ sample

Metals

Metals were measured on an ARL 3410 ICP-AE spectrometer. The 11 metals
were Mg, Ti, Cr, Ni, Zn, Ba, V, Fe, Cu, Mo and Pb. Some typical operating parameters
were as follows: incident wattage, 650; reflected wattage, 001; plate volts, 3300; plate
current, 496 mA; grid current, 66 mA; drive voltage, 2580; spectrometer profile: zero
76160; Argon, 355.4475 nm.

Calibration standards were made by serial dilutions and combining commercial
ICP stock solutions (SCP Science). Daily calibrations covering a concentration range 0-
10 ppm were made to establish the sensitivity and linearity of each metal.

Instrument detection limit: 0.01 ppm for Co (typical); Method detection limit:
2 pg/m’ for a 120-L sample volume. Note, at the time of this paper, metal analysis was
not complete and therefore these data will not be included.

Carbonyls

A Hewlett-Packard HP1090 HPLC equipped with a diode-array detector and
HPLC Chemstation was used to perform the carbonyl analysis. The monitoring
wavelength was 360 nm. Two Zorbax ODS reverse phase columns (25-cm x 0.46-mm
ID.) were used for compound separation. A 25-ul aliquot of sample was injected; the
elution gradient was 60% to 75% acetonitrile (ACN) in water for 30 min, followed by
75% to 100% ACN in 2 min and held at 100% ACN for 5 min. Solvent flow was 1
mL/min.

Target aldehydes were formaldehyde, acetaldehyde, acrolein, propionaldehyde,
benzaldehyde, hexanaldehyde; target ketones were acetone and methylethylketone.

Calibration standards were prepared from ACN and solid DNPH derivatives.
Quantitation was by means of an external standard.

Instrument detection limit: 0.1 ppm, method detection limit: 5 pg/m’® fora 120-L
sample volume.

Headspace VOCs

The headspace analyzer system consisted of a HP 19395A headspace sampler
coupled directly to the heated injection port of a HP 5890 GC with MSD, via a heated
interface. The headspace in each sample vial, kept at 85°C, was swept through a 1-cc
internal sample loop by first pressurizing the vial. The gas sampling valve, under the
control of the concentrator, was rotated so that the contents of sampling loop was swept
into the GC inlet operated in a split mode (split ratio 1:5). The GC was programmed from
an initial 30°C (held for 5 min) to a final temperature of 200°C at the rate of 7.5°C/min.
Injection and MSD source temperature were 200°C and 160°C respectively. A 30-m HP-
1 capillary column (0.32 mm ID, 1-pum film) was used for compound separation.

A mixture of alkanes, alkenes and aromatics, including benzene, toluene, ethyl
benzene o-,p- and m-xylene were used to establish response factors of each class of
volatile compounds.

Instrument detection limit: 0.01 ppm.

Oil Component Analysis

Oil samples were dissolved in hexane at a concentration of 50 mg/mL, and spiked
with the appropriate surrogate compounds. A portion of activated silica gel (3.0 g) was
placed into a 30 mm long x 10.5 mm ID chromatographic column plugged with glass
wool. The column was tapped to settle the silica gel, and 0.5 cm anhydrous sodium
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sulphate was added. The column was pre-eluted with 20 mL of hexane, the eluent was
discarded. Just prior to exposure of the sodium sulphate layer to the air, 0.4 mL
(approximately 20 mg oil) was quantitatively transferred onto the column using an
additional 3 mL of hexane to complete the transfer. This 3 mL eluent was also discarded.
To avoid overloading the column, no more 40 mg of oil was placed on the column. Just
prior to exposure of the sodium sulphate to the air, the column was eluted with 12 mL
of hexane. The eluent was collected in a centrifuge tube and label this fraction "F1". F1,
the saturated fraction, was used for analysis of the distribution of n-alkanes and
isoprenoids including pristane and phytane, and of C,, 17e.(H), 21 B (H)-hopane and other
biomarker triterpane and sterane compounds. The column was eluted with 15 mL of 1:1
(V:V) benzene/hexane, and the eluent collected in a centrifuge tube, and labelled as "F2".
F2, the aromatic fraction, was used for analysis of the target PAHs, alkylated PAH and
dibenzothiophene compounds. Half of F1 and F2 were combined and designated as
"F3". This fraction was used for analysis of individual and total petroleum hydrocarbons
(TPH). The fractions were concentrated to the appropriate pre-injection volume (PIV),
0.5 to 1.0 mL, using nitrogen blowdown. The extracts were then spiked with the
appropriate quantitation internal standard (IS) compounds (the IS 5-androstane, for
determination of the individual n-alkanes and TPH; the IS dl4-terphenyl, for
determination of the target PAH and alkylated PAH homologues; the IS C,, 17p(H),
21a(H)-hopane, for determination of the biomarker compounds). To achieve lower
quantitation limits, the PIV was reduced to 0.25 mL, but the extract was not blown dry
to prevent loss of the volatile compounds, and more importantly, to prevent the
precipitation of the high molecular weight components.

Analysis of the Water Fractions

The sample cleanup and analysis were performed according to published methods
developed in our laboratory. Prior to analysis, water samples were stored at 4 °C. An
aliquot of 500-1000 mL (depending on the sample volumes) was measured and
transferred to a 2-litre separatory funnel, then spiked with 100 yL of deuterated PAH
surrogate standards (mixture of dl0-acenaphthene, d10-phenanthrene, d12-
benz(a)anthracene and d12-perylene, 10 ppm each) and 100 pL of 200 ppm ortho-
terphenyl in 1.0 mL acetone. Methylene chloride (DCM) (100 mL) was added to the
separatory funnel. The separatory funnel was sealed and shaken vigorously for 2-3
minutes with periodic venting to release excess pressure. The organic layer was allowed
to separate from the water phase for a minimum of 10 minutes, then the solvent extract
was collected in an Erlenmeyer flask. (If the emulsion interface between layers was
formed, mechanical techniques were employed to complete the phase separation.) The
extraction was repeated two more times using fresh portions of solvent. The three solvent
extracts were combined and concentrated by rotary evaporation. The concentrated extract
was dried by passage through a drying funnel containing about 30 grams of anhydrous
sodium sulphate. The solvent was then exchanged to hexane and reduced to 0.5 to 1.0
mL using nitrogen blowdown.

Results and Discussion
Oil Analysis

The oil was analyzed for physical properties and PAHs as well as for alkane
proportions. The summary of these data is in Table 4. A most interesting result is that
the residue appears to be an oil with an evaporative loss of about 45% by weight. The
residue had a density of about 0.95 g/cc and a viscosity of about 100,000 ¢cP. The
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distribution of n-alkanes is detailed in the Appendix in Table A-1; the distribution of
alkylated PAHs in Table A-2; the relative composition of alkylated PAH homologes in
Table A-3; and the details of the physical analysis in Table A-3.

Particulates

Particulates were collected by a number of means. The real-time data collected
on rams are summarized in Table S for burn 1 and in Table 6 for burn 2. Both show that
particulates were at moderate levels under the plume at the locations sampled by the
remote-controlled boats. Particulate levels dropped to background levels at the remote
sampling station about 1 km downwind. Cascade samplers were used to determine the
proportion of the particulate matter in various size ranges. The amount of material below
the size of 10p was not measurable. This experiment indicates that the amount of
particulate material in the respirable size range is very small. Data will be available from
aircraft measurements.

Polyaromatic Hydrocarbons (PAHs)

PAH analysis of particulate material and air itself was performed at several
different sample locations and by several different means. Data for burn 1 are
summarized in Table 7; those for burn 2 in Table 8. Details of this analysis are given in
the Appendix in Tables A-5 to A-21. A comparison of the mass of PAHs in the starting
oil, residues and soot at downwind points has been done and is shown in Figure 2. This
comparison shows that the PAH's are largely consumed by the fire. The amounts of
PAH:s detected at the Newfoundland bumn are a fraction of that detected in previous burn
trials. This may be indicative of a more efficient burn.

Figure 2 Relative Distribution of PAHs Downwind
12000 Oil 11564
Residue 2991
- ! Helo Blade 85
£ 8000 RC 1 11
2 RC 2 7
c
e Downwind 3
g 4000 Aircraft 1
2000
04 —— p"
= @ - o~
(o] 3 h-] £ L=
3 & & gz B
4 2 z <
3 o
Aldehydes and Ketones

Aldehydes and ketones were measured using a specialized technique and the
results are shown in Tables 9 and 10. These tables show that very little of these
compounds is found in the plume. Data indicate that the concentrations are near
background levels and actually are higher during the times when the oil is not burning.
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Dioxins and Dibenzofurans

The high-volume samples taken on the remote-controlled boats and on the
downwind station were also analyzed for dioxins and dibenzofurans. The summary data
are presented in Table 11. The values are at background levels. This confirms previous
studies which show that dioxins and dibenzofurans are not produced by fires.

Combustion Gases

Tests were made for a number of gases, but CO, SO, and NOy, are not above the
lower detection levels. Carbon dioxide is measured around the burn and is illustrated in
Figure 3. The summary of carbon dioxide measurements is given in Table 12 for burn
1 and Table 13 for burn 2. Carbon dioxide was also measured in the SUMMA canisters
which were placed on several of the vessels in the area. Details of this CO2 distribution
are given in Table A-22 and A-23. The distribution of CO, over the test site during each
burn is shown in Figures 4 and 5. These show that the CO, plume moves closer to the
surface.

Figure 3 Carbon Dioxide Measurements

——— Bers 1. Romeis Station 1
k- Burn 2 .. Remete Station |

——¢—— Bum 2 _ Remets Station 2

Corven Dioaide in ppm

Ambioat Lavel

Recerded time (min) 10 e igaition tme)

VOCs

Over 140 compounds were measured using SUMMA canisters. The results are
summarized in Tables 14 and 15. Detailed results are given in the Appendix, Table A24.
The levels of volatile organic compounds are well above concern levels within 150
metres of the fire. The levels of these compounds are even greater from an evaporating
slick that is not burning. The list of analytes is in Table 16.

Metals

Crude oil contains several metals in the ppm range. The analysis from the
Newfoundland tests is not complete, but in previous tank tests, metals could not be
detected on soot particles.

Water-Borne Compounds

Water from under the burns was sampled and analyzed for a number of
compounds. Detailed data are presented in Table A-25. No compounds were detected
in the water once the oil was on the water, during the burn or after the burn, above the
background levels.
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Table 16 VOC Analytes
Propene 2-Ethyl-1-Butene 1-Octene
Propane t-3-Methyl-2-Pentene Octane

Freon22 (Chlorodifluoromethane)

Freon12 (Dichlorodifluoromethane)

Propyne
Chioromethane
Isobutane (2-Methylpropane)

Freon114 (1,2-Dichlorotetrafluroethane;

Vinylchloride (Chloroethene)
1-Butene/2-Methylpropene
1,3-Butadiene

Butane

t-2-Butene
2,2-Dimethylpropane
Bromomethane

1-Butyne

c-2-Butene

Chloroethane
2-Methylbutane

Freon11 (Trichlorofluoromethane)
1-Pentene
2-Methyl-1-Butene

Pentane

Isoprene (2-Methyi-1,3-Butadiene)
Ethylbromide

t-2-Pentene
1,1-Dichloroethene
c-2-Pentene
Dichloromethane
2-Methyl-2-Butene

c-2-Hexene
c-3-Methyl-2-Pentene
2,2-Dimethylpentane
1,2-Dichloroethane
Methylcyclopentane
2,4-Dimethylpentane
1,1,1-Trichloroethane
2,2,3-Trimethylbutane
1-Methyicyclopentene
Benzene
Carbontetrachloride
Cyclohexane
2-Methylhexane
2,3-Dimethylpentane
Cyclohexene
3-Methylhexane
Dibromomethane
1,2-Dichioropropane
Bromodichloromethane
Trichloroethene
1-Heptene

2,2 4-Trimethylpentane
t-3-Heptene
c-3-Heptene

Heptane

t-2-Heptene
c-2-Heptene
c-1,3-Dichloropropene

Freon113 (1,1,2-Trichlorotrifluoroethane 2,2-Dimethylhexane

2,2-Dimethylbutane
Cyclopentene
t-1,2-Dichloroethene
4-Methyl-1-Pentene
3-Methyl-1-Pentene
1,1-Dichloroethane
Cyclopentane
2,3-Dimethylbutane
t-4-Methy!-2-Pentene
2-Methylpentane
c-4-Methyl-2-Pentene
3-Methylpentane
1-Hexene/2-Methyl-1-Pentene
c-1,2-Dichloroethene
Hexane

Chloroform
t-2-Hexene

Methylcyclohexane
2,5-Dimethylhexane
2,4-Dimethylhexane
t-1,3-Dichloropropene
1,1.2-Trichloroethane
Bromotrichloromethane
2,3,4-Trimethylpentane
Toluene
2-Methylheptane
4-Methylheptane
1-Methylcyclohexene
Dibromochloromethane
3-Methylheptane

c-1,3-Dimethylcyclohexane

t-1,4-Dimethylcyciohexane
EDB (1,2-Dibromoethane)
2.2 5-Trimethylhexane

t-1,2-Dimethyicyclohexane
t-2-Octene
Tetrachloroethene
¢-1,4#-1,3-Dimethylcyclohexane
c-2-Octene
¢-1,2-Dimethylcyclohexane
Chlorobenzene
Ethylbenzene
m/p-Xylene

Bromoform
1,4-Dichlorobutane
Styrene

1,1,2 2-Tetrachloroethane
o-Xylene

1-Nonene

Nonane
iso-Propylbenzene
3,6-Dimethyloctane
n-Propylbenzene
3-Ethyltoluene
4-Ethyltoluene
1,3,5-Trimethylbenzene
2-Ethyltoluene
1-Decene
tert-Butylbenzene
1,2,4-Trimethylbenzene
Decane
1,3-Dichlorobenzene
1,4-Dichlorobenzene
iso-Butylbenzene
sec-Butylbenzene
1,2,3-Trimethylbenzene
p-Cymene
1,2-Dichlorobenzene
Indane
1,3-Diethylbenzene
1,4-Diethylbenzene
n-Butylbenzene
1,2-Diethylbenzene
Undecane
1,2,4-Trichlorobenzene
Naphthalene

Dodecane
Hexachlorbutadiene
Hexylbenzene
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OVERALL FINDINGS

The Newfoundland burn and the previous tank test burns have revealed several
facts about the fate, behaviour and quantity of the basic emissions from burning:

Gases - combustion gases are very diffuse and do not have spatial relationship to
the plume. A good model is to view gas dispersal as following a doughnut-like pattern
around the burn. This pattern is deformed by increasing wind velocities. Generally gas
concentrations downwind are very low. Gas concentrations, especially in low winds can
be as high around the fire as downwind.

Particulate Matter/Soot - Particulate matter at ground level is only a matter of
concern very close to the fire and under the plume. The concentration of particulates in
the smoke plume may not be a concer past about 500 metres. The level of respirable
particulates, those which have a size less than 10 y, is poorly understood. Respirable
particulates have not been detected at ground or sea level.

Water Emissions - No compounds have yet been detected in the water of the test
tanks or under the water at sea. The aquatic toxicity of the water under a burn is either
not measurable or not extant.

Organic Compounds - No exotic or highly-toxic compounds are generated as a
result of the combustion process. Organic macro-molecules are in lesser concentration
in the smoke and downwind than they are in the oil itself. Volatile organic compounds
are released in large concentration by fires, but in lesser concentrations than the
evaporating slick if not burning.

Residue - The residue is generally lighter than water. Density appears to relate
to efficiency. If a burn is highly efficient (>99.9%), then the residue may be neutrally
buoyant. The residue resembles high-weathered oil, measurements showed this to be
about 40 to 50% weathered (% weight loss). The residue contains a lower amount of
PAHs than the starting oil, although proportionately high amounts of multi-ringed PAHs
are present.

PAHs - Additional Polyaromatic Hydrocarbons are not produced by in-situ oil
fires. Oils contain significant quantities of PAHs. These are largely destroyed in
combustion. The PAH concentrations in the smoke, both in the plume and the particulate
precipitation at ground level are much less than the starting oil. This also includes the
concentration of multi-ringed PAHs that are often created in other combustion processes
such as low-temperature incinerators and diesel engines. This finding is very different
from that noted in earlier laboratory experiments. It is suspected that re-precipitation of
large soot particles occurs in large-scale tests which does not occur in laboratory tests.
These large soot particles are conducive to the accumulation of large multi-ringed PAHs.
The burn residue does, however, show a slight increase in the concentration of multi-
ringed PAHs. However, when considering the mass balance of the burn, most of the five
and six-ringed PAHs are destroyed by the fire.

Reference

1. Fingas, M.F., K. Li, F. Ackerman, P.R. Campagna, R.D. Turpin, S.J. Getty, M.F.
Soleki, M.J. Trespalacios, J. Paré, M.C. Bissonnette and E.J. Tennyson, "Emissions From
Mesoscale In-Situ Oil Fires: The Mobile 1991 and 1992 Tests", in Proceedings of The
Sixteenth Arctic and Marine Oil Spill Program Technical Seminar, Environment Canada,
Ottawa, Ontario, pp. 749-821, 1993.
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TableA-22 Ground Summa CO; Results
Sample # - | # Event BostiD] CO2, ppm
WG-1 REAC 173  Bum1A WG 370
WG-2 REAC 172 Bum 1B WG 355
WG-3 REAC 191 Bum2A WG 325
kWG-4 i REAC192  Bum 2B WG 387
AH-1" REAC 141 Bum 1(A) AH 387
AH-2 {IREAC166 Bum1(B) AR 350
AH-3. REACE6  Bum2(A) AH 363
AH-4 ESD 1 Bum 2 (8) AH 412
203-1 IREAC 163 Bum 1({A) 203 523
203-2 {REAC7S  Bum1(B) 203 385
203-3 REAC 162 Bum 2 (A) 203 410
2034 ESD 3 Bum 2 (B) 203 402
2041 REAC 186  Bum 1 (A) 204 367
204-2 - ~{REAC 183  Bum 1 (B) 204 355,
204-3 REAC 184  Bum 2 (A) 204 407
2044 £S0 13 Bum 2 {B) 204 392
CV-1A ““{REAC185  Bum1 (A) Cv-1 410
CV-1B REAC 211  Bumi (A) Ccv-2 280
CV-2A ESD 18 Bum 1 (B) cv-1 329
cvas “|REAC214 Bum1(B) cv-2 328
CV3A REAC144  Bum 2 (A) cvA 423
CV=3B REAC 168  Bum 2 (A) cv-2 265
CV-4A REAC 213 Bum2(®) cv-1 355
CVA4B REAC 165 Bum2(B) cv-2 310
RC-1A. REAC 196  Bum 1-Boat 4-Summa C 215 360
RC-18 REAC 198 Bum 1-Boat 4 (Summa Dj 215 378
RC-2A JREAC 195  Bum 1-Boat 4 - Summa A 215 753
RC-2B REAC202  Bum 1-Boat 4-Summa B 215 757
RC=3A REAC 160  Bum 1-8oat 2-evap Summa C 216 408
RC-3B REAC 177  Bum1-Boat 2-Evap Summa D 216 352
RC-4A ‘|EsD 16 Burn 1-Boat 2-Summa A 218 433
RC4B E£SD 17 Bum 1-Boat 2-Summa B 216 800
RC-5A ESD7 Bum 1-Boat 1-Summa A 215 735
RC-5B ESD 9 Bum 1-Boat 1-Summa B 215 803
RCBA" 7 “|REAC179  Bum2-Boat 1-Summa C 215 412
RC6B REAC 178  Bum 2-Boat 1-Summa D 215 297
RC-7A REAC 167  Bum 2-Boat 1-Summa A 215 940
RC-78 :{REAC 197  Bum 2-Boat 1-Summa 8 215 953
RC8A REAC 212 Bum 2-Boat 2-Summa B 216 825
RC-8B ESD 4 Burmn 2-Boat 2-Summa A 216 896
RC-BLK1 REAC 220  Back 1-Boat 1 215 274
RC-BLK2 - |REAC222  Back2-Boat1 215 360
2141 REAC 188  Bum 1A 214 375
214-2 REAC 187  Bum 18 214 402
2143 REAC190  Bum2A 214 455
2144 REAC 189  Bum 2B 214 382
2121 REAC 174  Bum 1A 212 365
212-2 REAC 171 Bum1B 1T 399
212-3 REAC 193  Bum2A 212 385
2124 REAC 194 Bum 2B 212 316,
206-1A REAC 182 Bum 1-Evap 1 (A) 206 410
206-1B REAC 123 Bum 1-Evap 2 (8) 206 365
206-2A REAC 77 Bum 1-ignition 1 (A} 206 348
206-2B REAC 73 Bum 1-ignition 2 (8) 206 400
206-3A REAC 215  Bum 2A-evaporation 206 370
206-3B REAC 72 Bum 28-Evap 206 385
206-4A REAC 200  Bum 2A-ignition 206 368
20648 REAC219  Bum 2-ignition 2 206 415
206-5 GRVD 431 Lot Blank 206 397
206-6A REAC 180  Background 1 (1A) 206 374
208-6B REAC 181 2(18) 206 260!
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Table A23 Airborne Summa CO, Results
R _C #  Event Site Time  Description ppm CO2

CON-1 EPS 233 Background Convair  11:56 Taken on Aug 7, background sample 387
CON-2 EPS 53 Bum 1 Convair  08:27  Before burn 364
[CON-3 EPS 132 Bum 1 Convair  08:40 Before bun 366
CON:-4 EPS 27 Bum 1 Convair  10:39  Smoke, 1 mi DW, 1000 alt 376
CON-§ EPS 151 Bum 1 Convair 10:56 Above cloud layer na
ICON-B EPS6 Bum 1 Convair  11:08  Above cloud layer 406
CON-7 EPS 22 Bum 1 Convair  11:27  Smoke, 3 mi DW 380
'CON-8 GVRD 430 Burn 1 Convair  11:43  Smoke, 20 mi DW 374
CON-g EPS 223 Burm 2 Convair  14:00 Pre-burm, background, no ship exhaust 378
CON-10 EPS 226 Burn 2 Convair  14:13  Smoke, 2 mi DW, 1000" alt 379
CON-11 EPS 220 Bum 2 Convair  14:24  Smoke, 2 mi DW, 1000’ alt 376
CON-12 ABO2 Bum 2 Convair  14:32  Smoke, 2 mi DW, 1000" alt 386
CON-13 EPS 100 Bum 2 Convair  14:58 Smoke, 9 mi DW 374
CON-14 EPS 24 Burn 2 Convair  15:18  Below smoke, 15 mi DW, 200 na
[CON-15 GRVD 433 Burn 2 Convair  15:28  Cross-section of plume, 6 mi DW, 1100’ at na
[CON-16 EPS 163 Burn 2 Convair  15:32  Cross-section of plume, 6 mi DW, 1400" ait 384
CON-17 ESD 20 Burn 2 Convair  15:38  Cross-section of plume, 6 mi DW, 1700’ alt 376
CON-18 REAC 223 Bufn 2 Convair  16:10  Old smoke, 1500, 12 mi DW na
[CON-19 EPS 164 Burn 2 Convair  16:23  Background, ater bum 362
[CON-20 REAC 224 Burn 2 Convair  16:34  Background, after bum 366
Heli-1 13871 Bumn 1 207 Team 1, fight 1, background before discharge, 6 min. 396
Heli-2 13875 Burn 1 207 Team 1, flight 2, evaporation, 5 min. 368
Heli-3 13876 Bumn 1 207 Team 1, flight 3, in frt of plume, 6 min. 310
Heli-4 13377 Burn 1 207 Team 1, fight 4, under smoke, 6 min, 347
Heli-5 13872 Bum 1 209 Team 2, fight 1, background before discharge, 4 min 346
Heli-6 13877 Burn 1 209 Team 2, flight 2, under plume @20m high, 6.5 min 380
Heli-7 13870 Burn 1 209 Team 2, fight 3, under plume @40m high, 6 min 308
Heli-8 13869 Burn 2 207 Team 1, fiight 1, in fit of plume, 6 min. 373
Heli-9 13868 Burn 2 207 Team 1, fight 2, under plume, 6 min na
Heli-10 13376 Burn 2 209 Team 2, fight 1, under plume @18m high, § min. 359
Heli-11 13874 Burn 2 209 Team 2, fiight 2, under plume @20m high, 8 min. na
Heli-blkQ 13873 Background Team 1, taken on Aug 7, background sample 276
Hali-blk1- KC-09 Burn 2 207 Team 1, afer bum, using 2-| summa, 6 min. na
Heli-blk2 KC-14 Burn 2 207 Team 1, static blank after bum, using 24 summa na
Ted-1 16827-1 Burn 1 blimp 409
Ted-2 1683141 Burn 1 blimp 422
Ted-3 16831-2 Burn 2 blimp 439
Ted-4 16823-2 Burm 2 blimp 433
Ted-blk1 8:54am 390
Ted-blk2 12:20pm 369
Ted-blk3 1:55pm 385
Ted-blk4 3:40pm 380

note:'na’ denotes sample not analysed
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Table A-24 |VOC Data
VOG CONCENTRATION (pg/m3) Oownwind
Loc: RiChost! RICHost! RICHast1 RICbosti  CCO 208
Propane 1593 12.38 0.30 19.31 1.50
Frean22 (Chiorodifuoromethane) 122 1.65 1.01 113 057
Propyne 0.00 0.36 0.00 0.20 000
omethane 050 148 200 315 169

tsobutans (2-Metwipropane) 111.58 68.13 84.39 107.43 022
Freont14 {1.2-Dichioroletraturoethane  0.82 0.36 0.94 0.84 075
1-Butene2-Methypropene 4169 3468 4343 52.19 4.19
1,3-Butadiene 197 3.18 2.44 233 021
Butane 113.06 7272 87.18 110.94 0.52
+2-Busene 2353 14.33 17.20 2360 0.26
22-Dimethfpropane 0.32 027 029 0.36 0.00
¢-2-Butene. 22.09 15.09 18.50 2468 031
1-Perene 6.32 599 691 825 068
Pentane 65.55 4657 4862 64.45 019
Joprene (2-Mettwh-3.3-Buladiene) 113 1.49 145 1.57 0.00
1-2-Pectene 9.31 599 6.52 9.43 0.00
c:2-Pentene 11.01 820 9.48 12.79 0.00
Dichloromethane 170.08 2422 8845 816
2.2.Dimethybutane 401 426 252 293 0.00
Cyciopentane 6.08 489 4.58 6.23 0.00

7.48 652 501 655 0.00
1-4-Metwt-2-Pentene. 0.57 0.49 0.48 0.62 0.00
2-Methylpentane 35862 4621 5185 55.47 688 1
c-4-Metini-2-Pentene 219 2.01 2 268 0.00 0.00 0.13 0.00 0.00 0.00
3 21.21 2084 15.27 19.91 0.00 987 260 028 0.19 7.70
1-Hexenai2-Mettr-(-Pentene 207 4.48 £33 5.45 0.49 0.71 0.65 0.60 0.00 1026
Hexane 26.72 76.42 2326 2523 1.71 183.84 23.45 0.23 022 2607
t2-Hexene 170 153 1.38 19 0.00 0.00 023 0.00 0.00 0.87
13- Methyh-2-Pentene 186 157 1.56 202 0.00 0.00 018 0.00 0.00 0.00
&-2-Hexene 125 1.04 1.02 126 0.00 0.00 0.20 0.00 0.00 078
©3-Methyl-2-Pentene 231 217 207 272 0.00 0.00 o 0.00 0.00 052
22-Dimethypantane 0.74 078 048 0.59 0.00 0.00 0.11 0.00 0.00 049
1,2-Dichiorosthane Q16 0.2§ 0.00 0.15 0.00 0.17 0.00 000 0.00 0.00
Methwicyclopenisns 14.21 22.95 11.04 13.49 017 2054 535 0.00 0.00 1282
2.4-Dimetfryipentane 229 226 154 179 0.00 0.00 0.38 0.46 0.40 130
1.1,1-Trichioroethane 113 1.19 1.28 1.04 070 070 1.06 083 074 409
22,3 Trimethyasane 020 079 0.90 112 021 0.00 022 0.00 000 2.40
Benzene 10.42 11.44 8.56 10.43 0.18 0.24 397 0.18 0.18 296

454 463 77 459 000 017 0.99 0.00 0.18 2014
2-MethyBrerana 372 463 319 265 0.00 0.00 0.00 0.00 0.00 42
2.3Dimetrgipentans 333 345 218 260 0.00 0.00 078 0.30 0.25 278
Cyclohexene 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FMetryhexane 873 8.48 538 6.70 0.00 0.00 222 0.00 0.00 a04
1-Heptane 0.00 0.00 0.00 0.00 0.00 067 0.00 0.00 000 4.00
2.24-Trimetiipentans 187 237 1.60 157 0.00 034 053 6.01 485 292
+3-Heptene 0.12 032 0.19 027 0.28 034 0.00 0.00 0.00 185
Heptane 7.05 772 6.12 620 0.18 0.18 281 0.03 005 231
+2-Haptone 0.59 1.36 095 1.06 065 076 032 0.00 0.00 838
©-2-Heptene 0.89 241 203 248 0.50 066 029 0.00 0.00 10.49
2.2-Dimetiryihexane 000 034 026 0.22 0.00 000 009 0.00 0.00 0.00
Methyicyciohexane 4.24 404 3.38 364 0.00 0.00 1.14 0.00 0.00 39.80
2.5-Dimetiryhozane 091 124 093 073 000 0.00 0.31 062 0.49 1.30
2.4-Dimethythexane 1.34 143 0.96 1.00 0.00 0.00 048 0.86 066 199
2,3.4-Trimethylpentane 0.69 0.84 0.39 0.42 0.00 0.00 0.28 1.81 1.47 0.49
Tolene 26.45 26.77 2327 2457 0.30 0.44 3063 515 468 1447
2-Methytheptane: 348 434 372 3234 0.00 0.00 1.32 0.00 000 12.15
4-Metyheptane 1.51 1.53 1.21 122 0.00 0.00 073 0.00 0.00 387
1-Meihyicyciohexene 40.62 0.00 0.00 0.00 0.00 0.00 1865 0.00 0.00 0.00
3-Melrytheptane 430 528 356 382 0.00 000 207 0.00 000 9.03
£-1,3-Disethyicyclohexane 1.36 37 1.32 145 0.00 0.00 0.39 0.00 0.00 10.80
1.4-Dimetyicycioherane 0.69 0.68 066 o7 0.00 0.00 012 0.00 0.00 560
225 -Trimethyihexane 025 028 0.14 015 0.00 0.00 011 071 054 0.19
1-Octene 047 3.30 7.60 406 0.30 066 0.34 0.00 0.00 2054
Octane 401 423 44 377 0.06 0.10 1.92 003 a0 31.40
©-1,441,3-Dimethyicyciohexane 0.94 081 o [+X:}] 0.00 0.00 022 0.00 0.00 318
©-2-Octene 0.5 1.20 1.44 141 0.00 015 0.40 0.00 0.00 666
Etwibenzene 15.37 1522 1433 16.43 0.08 0.09 8.54 0.42 037 561
mip-Xylene 53.78 52.08 52.30 5872 0.19 032 2731 042 1.00 2406
Styrane 0.79 3.48 048 0.47 008 0.00 0.85 41.75 44.94 0.68
o-Xylena 17.19 17.19 1620 17.97 008 01 9.16 0.14 0.31 8.10
Nonane 442 5.88 565 43 0.12 0.12 1.4 0.00 009 41.50
ino-Propylbenzene 060 0.92 062 057 ¢.00 0.00 Q.57 0.00 400 164
3.6-Dimethyloctane 045 052 029 028 253 0.00 021 0.00 0.00 435
n-Progybenzens 1.81 296 229 238 o1 017 23 013 0.15 6.02
3-Ettyiouene 6.18 860 6.16 607 0.08 0.07 762 008 0.30 16.10
4-Ettwitoluene: 286 465 3.05 300 0.04 0.08 381 0.06 0.19 8.37
1,3.5-Trimethylbanzene 323 552 3an 368 003 008 391 007 020 11.56
2-Ethyitoluene 2 379 224 227 003 0.04 239 004 012 6.5
1.2.4-Trimethybenzene 11.09 18.00 1563 12.03 064 0.16 12.06 024 119 B2
Decane 687 15.15 922 741 Q.14 0.13 1.24 028 834 55.56
ino-Butybenzene 019 035 o 020 0.00 0.00 0.15 0.00 000 0383
sec-Butybenzene 026 0.56 0.28 025 0.00 0.00 017 0.00 0.00 1.34
1.2.3-Trimethyenzens 279 623 3.0 306 0.00 0.06 232 0.09 0.26 9.49
p-Cymene 0.54 205 065 G665 026 0.00 117 0.00 049 245
1,2-Dichiorobenzene 0.10 0.18 014 0.1 0.00 0.00 0.00 0.00 0.00 0.00
ndane 0.92 1.61 0.90 0.94 0.00 000 1.18 0.00 0.00 151
1.3-Diethylbenzena 056 157 0.87 0.82 0.00 0.00 0.49 0.00 0.00 1.56
1.4-Disthybenzens 157 586 317 2 000 0.00 1.36 0.00 021 583
n-Butybenzone 0.46 175 081 091 0.00 000 037 0.00 0.00 1.86
1.2 Dietiyibenzene 0.19 0.47 0.25 026 000 0.00 (R3] 0.00 000 0.56
Undecsne: 824 29.89 15.68 15.09 015 023 138 053 080 55.46
Naphthalens 0.00 6.53 4.81 832 0.22 0.50 000 025 113 4.98
Dodecane 8.18 2460 18.01 2141 021 0.41 0.54 087 1.40 4344

0.00 5.01 7.03 1243 0.32 1.55 0.00 0.00 2.58 0.00
TOTAL VOC 1038.54 B51.07 781.08 988.81 39.30 24176 254.05 971.96 850.89 919.44
Sampile Volume (.} 492.00 511.00 511.00 511.00 49400 485.00 24600 495.00 248.00 492.00
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Table A-24
Dwscription | proignition  tum bum  pre-ignition peegwiion  dum bum b burn burm
VOC CONCENTRATION {pg/m3) RS-t R3-1:0 RS-140 RS2 RS2 RS341 RS-241 R80s2 RS-0+2 RS0e2
Co nd Location | RIChostd RCbostd MChbostd RChost? RIChostl RCbost? RCHostl RCbom1  RChost1  RXC bost1

Propene 3 - ; . - - X
Propene 2076 398 385 26.80 10.76 200 275 7.28 554 3837
Freon22 (Chioradiucromethane) 253 0.00 074 276 1.96 114 120 0.61 0.54 0.00
Propyne. 0.00 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00
Chioromethane 8.92 1.43 153 0.71 240 085 065 0.66 070 0.92
faobutane (2-Methypropane) 29.16 1292 11.82 211 13.72 873 725 3280 36.27 51.05
Freon114 (1.2-Okchiocotetratroethane  4.27 061 066 235 253 0.36 035 056 067 064
1-Bulene/2-Mettypropene. 5268 10.19 9.40 872 2254 318 1.1 457 478 2.40
1.3-Butadene 285 0.44 0.00 0.84 1.36 060 0.40 0.82 0.89 083
Butane 11.56 11.50 10.76 999 763 10.13 6.02 76.80 85.45 135.86
12-Butene 2.58 237 215 069 1.49 0.83 100 1.99 214 042
22-Dimetripropane. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13 ] 0.35 0.54
c-2-Busens 283 218 222 062 137 0.82 0.82 175 177 031
1-Pentene 11.48 187 1.4 0.58 5.62 0.53 036 0.61 07 0N
Pendane 1476 926 8.52 14.47 11.43 1390 577 96.00 104.21 164.08
Ioprene (2-hethy-1.3-Butaciene) 166 0.00 0.00 0.38 0.00 0.28 0.00 033 0. 028
1+-2-Pontene 095 1.12 14 032 0.58 091 074 1.01 1.14 0.40
&2-Pontane 1.47 093 0.88 0.39 0.00 0.50 0.44 0.83 0.89 022
Dichioromethane 17.73 457 1.44 33.03 12.53 83.37 81.24 58.78 59.59 133
2.2-Dimethryboutane 0.82 0.62 0.58 068 0.00 077 038 242 2.62 3.30
Cyclopentane 1.96 1.07 0.80 202 178 182 070 11.89 13.05 18.25
23-0r 197 120 0.85 173 1.31 165 068 7.50 833 11.97
14-Mery-2-Pentene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00
2-Metinyipentane 11.40 19.3¢ 6.09 12.57 16.45 12.05 471 55.82 61.56 86.14
cA-Metht-2-Pertene 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.20 0.23 0.00
3Methyipentane 12.70 4.46 368 14.02 7.16 715 270 39.58 4260 54.45
1-Hexene2-Methyt-1.Pentene 11.52 170 1.31 0.00 5.02 050 0.30 0.54 063 0.38
Hexane 110.97 10.50 8.46 175.94 27.34 19.04 7.96 161.00 176.89 121.24
1-2-Hexene 0.30 0.26 0.00 0.36 023 0.15 0.26 0.30 0.14
+3-Metint-2-Pentene. 0.00 026 0.00 0.00 0.00 0.00 0.00 0.1¢ 0.24 0.00
c-2-Hexene 0.74 024 0.00 0.00 0.00 0.00 0.00 0.18 019 0.00
©-3-Methyh-2-Pertane 0.45 0.34 031 025 0.00 024 0.18 025 0.27 013
22-Dimethyipentane 0.55 022 0.00 0.50 0.45 0.36 014 174 1.95 2.55
1 2-Dichiorosthene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.34 0.00
Methytcyclopentans 23.15 5.58 496 31.40 1223 10.27 343 55.11 62.59 7338
2 123 064 0.59 1.25 1.13 093 0.34 3.99 443 6.12
1.4.1-Trichloroethane 2303.25 2 119 262 860.12 0.83 082 073 ove 075
223 Trimetwiutane 1.97 047 095 0.00 0.00 0.14 0.00 0.42 0.46 062

344 1.80 154 23 206 185 1.08 3.86 421 4.02
Cyclohexane 1688 423 373 18.89 11.86 7.80 234 3473 38.00 53.85
2-Metwiherane are 178 141 342 355 294 0.88 9.88 11.46 16.22
2,3-Dimetwipentans 278 183 114 2n 0.00 182 062 8.08 7.08 11.07
Cyclohevens 0.00 00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
3Methyhexane 1065 417 372 963 860 566 1.85 20.06 2286 33.49
*. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22,4 Trimetrjipentane 459 1.00 102 1.00 162 051 030 000 0.00
+3-Heptene 110 014 035 0.00 127 0.00 000 0.03 0.00
Heptane 29.08 918 863 2622 26.75 1421 441 48.94 75.69
+2-Heplene 653 0 048 0.00 471 0.00 0.00 0.00 0.00
c-2-Heplene 11.26 087 0.49 0.00 550 0.00 000 0.00 0.00
2,2-Diretrytexane 0.00 0. 0.00 0.00 0.00 0.00 017 0.00 0.00
Methylcyclohexane 38.05 1242 11.29 38.01 35.12 2197 6.40 63.65 105.37
2.5-Dimetryhexane 13 0.56 065 113 135 074 0.26 208 292
2,4 Dimetrhexane 192 071 089 166 157 0.94 034 235 381
2.3 4-Trimethyipentane 0.54 027 0.27 047 0.39 026 011 0.69 0.92
Toluene 26.74 715 6.38 9.97 885 569 334 868 873
2-Methyheptans 11.45 385 4.06 10.29 11.62 541 1.85 14.07 19.06
4Methyhaptane -1 0.00 1.05 332 0.00 173 057 0.00 564
1-Metirjicyclohexene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
I-Methyteptane 870 3z 283 7.78 8.60 469 170 10.74 15.25
©1,3-Dimetyicyciohexane 10.32 339 283 11.73 0.00 474 1.54 9.35 16.36
+1,4-Dimettricyclohexane 511 1.76 1.48 483 0.00 253 0.81 382 9.05
2.2,5-Trimettyhexane 0.21 0.08 0.00 0.15 0.00 0.09 0.00 022 025
1-Octene 3382 3.85 128 0.00 7.98 0.00 0.00 0.00 0.00
Octane 30.3¢9 8.80 821 25.19 2764 11.66 4.09 2263 3289
©1,471,3- Dimathyicyclohexane. 31 087 083 286 237 132 0.47 232 4.03
©2-Octere 820 054 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ethylbenzens 7.42 225 207 420 74 228 1.34 274 282
mip-Xylene 31.74 9.01 8.48 17.44 15.80 787 467 917 9.51
Styrene 1.98 0.32 0.00 0.88 0.00 051 043 022 014
oXytene 10.89 289 263 6.24 4.94 289 176 2.90 258
Nonane 4512 11.84 11.41 31.54 33.42 1382 6.04 1464 19.77
iso-Propybbenzens 225 043 037 1.37 0.96 051 028 0.45 0.60
3.6-Dimethyloctane 242 0.00 056 3.56 272 163 078 1.20 163
n-Propybenzene 10.19 124 1.19 431 28 1.47 088 1.02 105
3-EthyRoluene 2530 312 282 14.48 6.12 436 269 2.88 287
4-EftyRolene 1377 1.52 1.40 7.43 295 218 128 127 127
1.3.5-Trimethybenzene 18.10 239 226 11.06 496 an 1.89 177 175
2-EthyRohuene 1037 129 1.14 6.23 263 218 135 1.20 1.20
124 Trimetybenzene 63.57 9.38 7.10 38.00 14.13 11.54 7.66 5.57 5.19
Decana 732 15.01 14.40 4499 38.24 2094 11.24 11.93 14.24
iso-Butylsenzene: 1.30 020 018 085 0.52 041 0.18 0.7 0.18
. 197 033 029 1.29 079 062 031 028 0.32
1.2,3- Trimethybenzene 16.52 238 210 10.55 494 447 286 1.90 1.71

462 080 068 228 000 126 069 033 0.46
1.2-Oichiorobenzens 063 0.00 0.00 0.3t 0.00 0.34 012 0.00 0.00
Indene 269 046 038 1.69 081 0.96 0.58 0.40 037
1.3-Olethybenzens 295 0.50 0.45 1.88 1.068 1.30 058 031 0.27
1.4-Diethybenzens 1110 0.00 182 5.98 0.00 522 3.00 000 0.00
n-Butybenzene 3.37 072 058 182 157 163 0.81 0.50 0.40
1.2-Diethyenzene 088 0.16 0.00 061 0.46 0.80 023 014 0.13
Undecene 86.77 19.85 14.62 55.42 56.81 30.18 1774 1454 13.87
Naphthalene 893 233 117 577 5.46 3.59 437 1.75 1.00
Dodecans 86.09 2123 11.59 56.33 56.94 2407 1861 15.05 13.02
Hexylanzene 12.77 0.00 1.43 0.00 kX3l 1.68 142 0.50 0.
TOTAL VOC 3615.96 299.49 249.90 238.56 1513.65 43201 261.03 983,13 768.81 1295.81
Sample Volume (mL) : 492.00 502.00 506.00 492.00 520.00 490.00 490.00 520.00 520.00 504.00



Table A-24
Description
VOC CONCENTRATION (j19/m3)
nd jon
Propeoe

Propana
Freanzz (Chiarodiuoromethane)
Propyne

Isobutane (2-Methypropene)
Freon!14 (1 2-Dichlorotatratrosthant
-Methyipropene:

1,411, 3-Dimethyicyciohexane
©2:0ctene

Eybenzena

mp-Xylene

Styrene

o-Xylene

Sample Volume (mL) :

pre-gnition
Dovrwind

ON 200
8858888

888:8888%

CMOOONODOONONA+20O
a

o=000
833188

predgoiion  bum
Oownwing

CCa 208 CCG 206

1.47 31.66
13.98 072
0.00 0.00
2.60 1.03
225 30.44
2,08 068
172 182
000 0.36
495 90.62
132 0.45
000 035
1.10 035
393 0.27
st 91.93
0.00 0.00
0.8 0.59
0.00 033
16.63 17.89
0.00 234
0.00 9.42
0.45 6.09
0.00 0.00
26.75 44.45
0.00 0.00
133 26.58
391 0.00
537 55.48
0.44 0.22
0.00 0.00
0.00 0.00
0.00 015
000 1.10
000 [oX
123 31.38
0.00 250
083 068
219 026
076 312
0.80 2003
0.00 613
0.00 365
000 0.00
0.00 11.40
362 0.00
087 083
1.08 0.00
1.42 23.92
275 0.00
251 0.00
0.00 0.76
0.93 30.57
0.00 0.94
0.00 1.2¢
0.00 035
165 9.57
0.40 493
0.00 1.52
0.00 0.00
7.01 438
0.00 a7s
000 173
0.00 .10
3.30 0.00
0.90 7.57
0.00 0.92
000 0.00
0.35 240
123 7.51
0.00 0.00
0.4 2.46
1.02 319
0.00 023
0.00 028
0.64 052
033 142
0.26 0.57
0.41 0.49
025 0.58
076 175
084 119
0.00 0.00
0.00 0.07
033 0.44
0.00 0.00
0.00 0.00
0.00 0.18
0.00 0.00
0.66 0.00
0.00 0.00
0.00 0.00
1.25 1.02
486 0.00
4.42 083
2.15 0.51

48500 494.00
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cowNO~
ERBERE

o
£

3.75
625,82

48400

222

copoNU -
=88

co=od
885288888

0.00
213.65
507.00

WG Ann
0.00 0.00
0.58 274
0.00 0.00
081 275
0.00 1.18
072 256
8.01 7.32
058 0.00
0.46 2.26
0.00 0.00
0.00 0.00
034 0.00
161 2.54
0.35 2.04
0.00 0.00
0.00 0.00
0.00 0.00
0.85 10.96
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
319 099
0.00 0.00
0.00 115
1.7 246
039 5.54
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
.00 0.00
0.00 103
0.00 0.00
0.84 326
0.84 0.00
023 1.08
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
134 181
065 0.00
055 0.00
038 1.21
097 0.00
0.98 000
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.50 286
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
159 1.01
0.19 089
0.00 0.00
0.00 0.00
017 [oX4]
059 244
0.00 0.00
o 0.80
0.36 0.56
0.00 0.00
0.00 0.00
0.44 067
0.19 1.47
0.28 098
0.17 1.13
0.16 091
0.58 176
042 127
000 0.40
011 0.37
025 129
0.00 0.00
037 0.83
0.18 0.51
0.22 0.63
0.55 157
0.31 0.00
0.00 0.76
044 158
0.00 0.00
074 163
0.00 0.00
56.94 29.91
50700 490.00

0.00 120
315 129
0.00 0.00
308 207
0.48 175
1.88 2.46
2218 28.08
098 0.00
.09 221
119 1.29
0.00 0.00
135 1.34
435 5.91
120 1.24
0.00 0.00
0.32 0.00
0.00 0.00
6.00 14.23
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
33.84 81.09
0.00 0.00
0.00 0.00
361 584
3.36 149
0.00 0.00
000 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
061 0.54
0.00 0.00
1.10 240
092 204
0.79 0.90
1.03 0.70
0.00 0.00
065 0.00
0.00 0.00
142 0.00
4.48 0.00
1.82 215
0.95 0.54
179 329
407 1.83
547 324
0.00 0.00
1.51 119
0.00 12.50
0.00 0.00
0.30 0.00
358 1.89
0.94 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.51 0.00
0.00 0.00
0.00 0.00
629 7.46
1.06 115
000 0.00
0.00 0.00
064 082
1.98 2.80
0.00 0.00
0.75 097
172 3.20
026 0.00
0.00 0.00
087 0.71
0.80 086
0.41 0.47
0.58 063
0.38 0.47
925 463
236 334
0.00 0.00
0.00 0.00
065 078
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.72 0.00
0.00 0.00
0.00 0.00
3.01 242
112 0.00
1.80 117
0.00 0.00
166.13 234.15
507.00 502.00
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Table A-24
VOC CONCENTRATION (jsg/m3)

Ci Location | Casaco Casaco CCO203 CCG203  CCA203  CCO204  CCO204  CCG 212 CCG212  CCO 212
Propane 0.00 0.00 797 0.32 0.00 000 088 0.00 0.00 0.00
Freon22 {Chiorodfucromethane) 0.49 0.41 0.57 0.36 033 0.72 0.62 662 7.26 062
Propyne .00 0.00 2.02 164 0.00 0.00 0.00 0.00 0.00 0.00
Chioromethane 143 1.08 1.36 0.99 0.96 165 137 412 355 1.15
Isobutane (2-Methyipeopane) 272 @53 59.03 60.28 1058 124 038 6.19 6.61 038
Freon114 (1 2-Dichlorotetiaturoethane (. 98 054 1.36 1.42 078 183 046 088 2.08 0.61
1-Busener2-Metripropene. n 596 53.36 56.02 741 16.03 564 17.28 525 713
1,3-Butadiene 000 0.00 17.59 16.26 217 [oX:]] 045 118 0.00 0.60
Butane 227 131 11537 12116 19.43 252 1.07 10.90 11.33 0.89
+2-Butene 028 0.46 15.54 1545 275 085 093 296 328 0.40
22-Dimetiwipropane 0.00 0.00 0.00 072 0.00 0.00 0.00 0.00 0.00 0.00
&-2-Butene 027 038 1374 14.22 256 084 115 282 292 0.52
1-Pentene 0.34 156 10.82 10.95 1.55 338 073 3.95 a0 133
Pentane 163 137 17535 182.22 27.68 222 077 853 972 1.0t
Isoprene (2-Methyl-1,3-Butediene) 0.00 0.00 1145 11.76 167 0.00 0.00 0.84 0.00 0.00

-Pentone 0.15 036 2121 2209 333 039 012 1.41 In 012
-2-Pertene 000 0.00 18.96 18.96 285 0.00 0.00 165 000
Dichloromethane 497 11.64 18.13 1899 X)) 333 1.34 21432 278.16 314
2.2-Dimethybutane: 0.00 0.00 3418 35.79 361 0.00 0.00 0. 0.00
Cyclopentane 021 000 25.08 2641 401 0.00 0.00 0.89 1.06 0.00
2,3-Dimathyibutane 0.28 029 45.52 4681 5.44 0.38 0.12 068 0.84 013
H4-Metht-2-Pertene. 0.00 0.00 165 159 024 0.00 0.00 0.00 0.00 000
2-Methyipantane 255 338 177.19 182.64 24.60 26.36 14.49 5.03 592 206
C4-Methyh-2-Pentene 0.00 000 813 B 1.34 0.00 0.00 0.00 0.00 000

1.33 074 130.30 132.44 1557 0.00 0.34 321 377 0.51
1-Hexene/2-Metiy-1-Pentene 0.00 151 1396 14.18 213 2.80 0.54 3.03 292 125
Hexane 1.32 314 41699 43572 23.76 247 476 25.36 30.46 176
12-Hexsne 0.00 021 9.65 10.38 148 0.00 0.08 060 096 000
+3-Methyi-2-Pentene 0.00 0.00 10.29 1007 143 0.00 0.00 0.00 0.00 0.00
c-2-Hezene 0.00 0.00 653 6.54 1.06 0.00 000 0.00 0.00 0.00
©-3-Mettyt-2-Pentene 0.00 0.00 1321 13.50 195 0.00 0.00 0.4¢ 1.03 0.00
2.2.Dimetryipentane: 0.00 0.00 568 603 063 0.00 0.00 000 0.00 0.00
1.2-Dichioroethane 0.00 0.00 0.66 0.64 0.00 0.00 0.00 0.00 0.00 0.00

084 095 120.28 124.48 1211 0.82 023 431 528 079
2, 016 0.00 20.23 20.94 238 0.00 0.00 .38 0.00 0.00
1.1,1-Trichiorouthane 1.40 119 097 1.00 1.0% 125 078 1.88 196 077
22.3-Trimetrylutane 0.00 0.00 1.47 1.47 0.22 086 029 062 067 028

0.96 0.86 6208 64.78 15.00 1.16 0.34 3.90 454 0.39
Cyclohexsne 076 124 379 35.06 438 0.58 0.13 127 1.95 087
2-Methyhexane 032 030 37.15 39. 461 0.00 0.00 056 0.00 027
2,3-Dimethyipentane 0.42 029 3185 32.47 377 0.00 0.00 053 0.00 019
Cyclohexene 0.00 0.00 0.00 0. 0.00 0.00 0.00 0.00 0.00 0.00

1.05 119 7264 74.47 867 126 0.46 113 1.38 0.58
+. 0.00 2.03 0.00 0.00 353 194 335 0.00 270
2.2 4 Trimetypentane 028 0.00 2267 2318 242 098 0.00 6.38 725 0.40
+3-Hephone: 000 060 1.17 1.29 0.18 0.8s Q.18 068 198 028

117 167 57.86 59.82 679 147 039 199 209 182
+2-Heptone. 0.00 1 405 444 0.64 318 069 314 421 129
<-2-Heptane: 0.00 1.01 0.00 0.00 0.89 348 078 399 255 187
22-Dimettihexane 0.00 0.00 2.50 2.56 030 0.00 0.00 0.00 000 0.00
Metticyciohexane 164 148 34.13 34.85 455 082 0.14 0.72 0.81 218
2.5-Dimsthyhexsne 0.00 000 9.65 10.17 108 036 0.00 0.00 0.00 0.00
24-Dimethyhexane 0.00 0.00 12.22 1229 137 a.00 0.00 0.00 0.00 0.00
2,34 Trimethypertane 0.00 0.00 10.76 11.33 1.07 Q. 0.00 0.00 0.00 0.00
Tolens 272 2281 191.91 196.32 4342 272 074 15,81 19.08 1.12
2-Metwiwptane 053 092 28.00 2840 315 093 0.00 0. 064 088
+hathyiwptane 0.00 0.00 1216 12.58 142 0.00 0.00 017 0.00 024
1-Metiicycicherene 0.00 0.00 0.00 0.00 0.00 Q 0.00 0.00 0.00 0.00
3-Methylheptane 0.47 048 4343 44.08 463 037 011 060 061 0.58
©1.3-Dimethyicyciohesans 038 039 6.41 720 0.80 037 0.00 000 0.00 062
1,4-Dienetyicycicherane 0.00 0.00 2863 242 0.42 0.00 0.00 0.00 0.00 0.31
225 Trimethyhexane 0.00 0.00 367 363 032 0.00 0.00 0.00 0.00 000
1-Octene 0.00 1.98 0.00 0.00 0.00 395 0.40 3.48 149 1.94

0.78 0.96 21.00 21.59 233 0 021 085 1.01 1.61
1,411, 3-Dimethyicyclohexane 0.00 000 4.18 423 060 0.00 0.00 0.00 0.00 0.00
©-2-Octene 0.00 0.00 428 3.82 0.00 0.00 Q.00 0.00 000 0.00
Etybenzene 075 073 5277 52.90 10.90 067 023 226 270 0.48
mip-Xylene 216 212 163.18 164.72 3447 216 074 7.45 8.96 187
Styrene 0.00 0.00 369 3.60 0.50 0.00 0.10 0.00 0.96 0.00
o-Xylene 081 078 5517 54.80 11.86 073 024 23% 270 070
Nonene 097 123 942 949 1.30 0.99 023 1.16 132 195
o 0.14 014 340 343 0867 0.18 0.05 0.00 0.00 0.12
3,8-Dimethryloctane 0.00 0.00 200 203 028 0.00 0.00 0.00 0.00 0.00
nPropybenzene 0.32 0.49 1373 13.80 248 060 0.17 0.59 075 0.54
3-Ednioiuene 0.58 071 46.66 7.1 885 072 0.24 1.10 162 1.02
4E 0.30 0.34 2290 2299 388 0.37 013 0.52 080 047
1.3,5-Trimetmberzene 0.24 0.42 24.39 24.38 3.97 0.46 015 0.67 090 069

031 033 16.72 16.69 a1 0.33 on 0.46 064 0.42
1.2,4-Timethybenzene 097 191 75.38 73.76 1363 6.53 232 219 1555 347
Decane 0.88 1.22 6.24 6.66 087 1.29 0.32 1.43 1.86 230
iso-Butylbenzene 0.00 0.00 112 112 017 0.00 0.00 0.00 0.00 0.00
sac 0.1 0.09 1.07 1.06 0189 0.00 0.00 0.00 0.00 0.09
1.2,3-Trimethyhenzens 0.33 0.43 15.62 14.95 2. 0.46 0.17 060 087 062
p-Cymene 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.00 0.00 0.00
1,2-Dichiorobenzens 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Indane 011 012 7.70 78 1.36 0.00 0.00 0.00 0.00 022
1,3-Dietnybenzene 0.00 0.00 4.6 4.07 0.66 000 0.00 0.00 0.00 018
1.4-Dietryenzene o1 0.00 22.76 21.54 0.00 0.00 0.00 0.00 078 060

0.00 0.00 3.02 292 0.38 0.00 0.00 0.00 0.00 021
1.2-Distnyenzane 0.00 0.00 0.96 087 019 0.00 000 0.00 0.00 0.00
Undecane 059 094 440 476 113 1.98 0.58 1.56 1.90 2989
Naghihalene 0.00 0.00 2.1 11.76 381 0.00 116 0.00 1.19 000
Oodecane 0.85 1.40 477 361 1.23 428 147 144 1.81 343
Hexylbenzene 0.00 382 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL VOC 50.21 7740  2923.09 301224 41901 119.44 55.59 454.88 656.72 91.04

Sample Volume (mL) : 49500 49000 49000 490 00 490.00 495.00 50200 50200 49500 502.00
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Table A-24
Description bum pre-ignition bum background  pre-ignition bum bum beckgroend bum bum
VOC CONCENTRATION {pg/m3) RCHICA RICHICA RCHICA RCHICA RCH2CA RCHICA RCH2CA
C L on | cca 212 CCaz4  Ecaa
Propene . . a5 1657 0387 279 BT 1976
Propane. 0.00 000 0.00 2.56 244 60.86 0.00 375 969 059
Freon22 (Chiorodifluoromethane} 1.45 078 205 074 0.5 026 000 033 0.49 061
Propyne. 0.00 0.00 0.00 473 022 0.00 000 0.18 0.35 0.00
1.10 1.52 258 079 1.35 073 173 077 079 063
Isobutane (2-Methylpropane) 0.57 0.41 1.36 387 762 8363 4.00 179 8.45 1.07
Freon! 14 (1.2-Dichlorotetrafuroethane  0.67 038 2.80 103 0.53 0.37 0.46 0.39 048 0.46
1-Butene/2-Mettwipropene: 7.37 5.42 3038 10.28 834 3.45 1063 5.85 334 314
1.3-Butsdiens 0.60 035 185 887 1.29 1.48 1.09 063 0.30 0.22
Butane 101 084 218 6.90 1533 25159 9.67 426 2617 323
1-2-Butene. 051 0.46 111 1.19 0.00 023 185 0.47 026 0.21
2.2-Dimettyipropane 0.00 0.00 0.00 0.00 0.00 102 0.00 000 0.12 0.00
c-2-Butene. 050 o7 1.41 131 196 0.2¢ 279 072 038 0.36
1-Pentene 134 0.95 541 147 103 0.68 051 067 0.46 0.37
Pentane 125 122 2.06 8.56 1591 26028 177 6.11 27.36 361
Imoprene (2-Mettyt-1.3-Butsdiens) 0.00 017 076 0.76 076 0.46 0.40 035 017 0.19
1-2-Pentene 0.00 007 037 0.83 144 0.16 017 047 047 on
c-2-Pertene 0.00 on 052 1.29 127 0.21 0.00 0.42 031 0.09
Dichiromethans 244 1.35 7.56 067 0.52 093 179 112 230 6.65
2.2-Dimethybbutane 0.00 0.09 0.00 159 241 5.14 024 80 125 0.14
Cyclopentans 0.00 0.16 0.00 1.20 175 27.90 113 091 272 0.40
2. 0.00 0.16 018 2.00 313 18.18 0.57 1.08 230 032
t4-Melhyl-2-Pantene 0.00 0.00 0.00 0.00 0.16 0 0.00 0.00 0.00 0.00
2 368 239 12,40 9.64 1654 125.93 7.80 516 17.54 242
c-4-Methyk-2-Pertene. 0.00 0.00 000 0.37 043 0.00 0.00 0.15 o011 0.00
3 0.60 078 076 571 935 8146 5.0 393 9.08 460
1-Hexene/2-Mettyt-1-Pentene 121 098 6.00 353 1.30 0.99 0.00 1.06 0.55 0.55
Hexana 2.02 197 246 6.05 1166 182.19 91.60 11.69 281 90.62
1-2-Hexene 0.00 006 026 039 058 000 0.12 0.28 027 0.08
+3-Methyl-2-Pertene 000 0.00 0.00 0.50 065 0.00 0.36 026 0.22 0.08
c-2-Hexens 0.00 007 023 032 052 0.00 0.00 022 0.18 0.06
©-3-Matiyt-2-Pontona 0.00 0.04 0.17 066 0.80 0.00 043 0.32 0.28 on
2.2-Dimethylpantane 000 0.06 0.00 026 045 3.90 0.00 019 0.41 0.07
1.2-Dichiorosthene 0.00 [ 0.00 0.00 0.00 064 0.00 0.00 0.00 0.09
086 1.18 0.80 381 669 109.29 121 474 10.32 10.80
2 0.00 0.15 0.00 086 153 867 033 056 107 .18
1.1,1-Trchioroethane 0.78 0.80 0.95 0.49 064 0.56 174 063 0.59 0.35
2,2.3-Trmasyibutane 0.35 0.31 1.686 0.18 043 0.95 028 043 0.40 0.42
Benzene 047 0.38 0ro 9.25 2197 6.32 103 333 272 0.97
Cyciohesana 103 1.00 072 1.59 314 76.15 239 246 860 262
2-Metrhexane 033 047 024 194 247 0.00 0.88 147 218 0.49
2.3-Dinetiwipentane 0.00 0.20 0.00 1.43 248 14.24 0439 108 1.82 0.37
Cyciohexene 0.00 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00
3 Methythexane 062 1.08 0.62 347 5§95 44.61 1.86 315 5.00 1.25
1-Heptene 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
22,4-Tometyiportana 0.00 041 0.00 113 173 227 034 071 0.84 0.30
t 0.81 011 072 005 0.08 0.07 0.08 0.13 0.13 0.04
199 273 259 277 838 97.08 5.04 497 863 229
+2-Heptane 1.59 045 300 on 032 018 025 0.29 033 017
- 2-Heptene 088 1145 491 0.00 0.00 0.00 045 0.00 0.00
2.2-Dimethylhexane 0.00 810 0.00 0.14 o 342 .00 0.00 028 0.00
Methwicyciohexans 2.45 364 178 1587 511 139.36 3.87 494 10.16 221
2,5-Dimethyhexane 000 0.18 0.00 0.46 072 35 015 0.38 0.51 0.14
2.4-Dimettrytexane 0.00 025 0.00 061 108 519 0.00 058 078 022
2,3,4-Trimethylpentane 0.00 0.12 0.14 049 0.76 Q.95 0.00 0.29 0.47 0.1
Tohsene 170 269 203 1155 7.587 1212 10.85 2581 58.45 35.35
2-Methytheptane 1.40 1.28 077 120 215 21.99 097 191 223 073
4-Metnheptana 0.00 0.42 0.00 000 109 0.00 0.00 073 082 Q.
1-Mattnicydicherene 0.00 0.00 000 0.00 0.00 0.00 0.00 15.06 0.00 10.76
3-Methyheptane 067 i1 0.50 1.83 302 17.36 08s 226 265 0.82
¢-1.3-Dimethyicyciohexsne a70 088 065 0.24 0.90 20.26 069 1.00 174 0.40
+1.4-Dimethyicyclohexans 034 0.53 028 0.00 040 11.52 027 045 (134 0.20
225 Trimetwhexana 0.00 0.06 0.00 0.19% 022 024 0.00 0.15 029 0.07
1-Dctene 088 39 1275 129 084 0.00 0.00 1.00 Q.19 0.63
Octane. 176 282 182 Q.96 214 34.40 227 314 366 1.20
c-1.411,3-Dimetwicyciohexane 0.00 03 025 0.2t 047 488 017 Q.36 0.58 0.16
©-2-Octene 0.00 054 227 0.00 0.39 0.00 0.00 000 0.32 0.00
Ethybenzens 060 1.49 0.64 286 207 259 253 5.41 471 265
mip-Xylene 228 560 220 955 6.38 867 9.59 17.60 14.92 867
Styrene 0N 008 0.00 048 025 062 1.53 058 029 0.30
o-Xylene 083 204 081 308 208 253 319 6.19 526 308
MNonane 21 364 304 055 117 1437 282 269 334 124
wo-Propybenzent 0.3 0.25 0.19 .19 018 051 046 14.47 042 031
3,6-Dimatwtoctane 000 0.00 023 0.00 0.00 1.39 062 019 047 0.10
n-Propylbenrens 0.59 0.92 118 066 072 087 1.16 207 1.51 1.05
3-Ethytobsena 123 2.37 121 208 199 220 345 [:1 429 283
4-Ethytolsene. 061 114 064 Q95 088 0.99 174 316 202 1.34
1,3,5-Trimethylbenzene 0.82 1.47 104 1.04 1.08 1.51 219 34 244 1.59
2 0.50 0596 oeg 068 070 0.90 149 218 157 1.01
12,4 Trimethylbenzena 7.88 479 541 323 42 438 887 1163 766 514
Decane 279 539 471 0.58 078 833 834 37 430 246
iso-Butybenzene 0.00 012 c.00 0.08 0.09 013 0.19 0.19 0.13 0.10
on 021 022 009 0.09 028 039 023 022 013
1,23 Trimethybenzens Q.76 1.40 123 068 076 145 306 284 1.93 130
0.00 0.44 0.00 0.00 077 0.00 260 0.42 0.77 0.44
1.2-Dichlorabernzene 0.00 0.06 0.00 0.00 018 0.00 0.00 0.07 0.07 0.06
027 0.45 0.29 0.30 0.37 030 071 1.26 0.68 0.47
1.3-Diethybenzens 021 0.41 026 023 027 026 060 0.70 0.36 025
1,4-Diethybenzena 0.00 169 1.05 100 on 162 0.00 245 1.07 0.89
n-Butylbenzene 028 0.56 049 024 0.26 0.40 0.71 070 0.36 0.30
1.2-Diethybenzene 0.00 0.15 0.00 0.00 013 0.00 0.25 018 0.14 0.08
Undecane 322 10.97 9.83 055 0.96 720 795 405 329 215
Naphihalene 061 247 0.00 203 1.49 142 124 184 000 069
Dodecane: 224 17.17 10.67 155 197 557 170 162 284 0.87
Hexybenzene 0.00 855 0.00 631 247 3.90 0.00 0.00 0.00 0.00
TOTAL vOC 105.15 12592  346.66 300.48 220.36 1821.84  267.57 255.76 369.90 253.87

Sample Volume (mL} : 495.00 511.00 511.00 24300 246.00 24800 25600 270.00 24600 27000
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Table A-24
Description | beckg (8:37) backg ($:27) beckg (8:48) backg (1:40) bum (10:39)  bumn (10:66)  bum (10:56) bum(1:00)  (11:27}
VOC CONCENTRATION (ig/m3) Convale  Comvair Convale Convaic  Comvairiplume  Comvalr Convaie Convalr  Conwairiphune
_Compound __ Location | Imi DWHOOK _sbove clouds _above clouds__sbove clouds  3mi OW.
Propens c00 000 737 58 . X 3 . 1
Propane 0600 0.00 0.00 0.00 14.23 0.00 0.12 567 2.44
Freon22 (Chiorodifiuoromethane) 031 020 0.54 020 0.16 069 0.40 0.00 0.59
Propyne 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.00
094 [15g] 0.83 043 0.53 085 091 086 0.49
Isobutane (2-Mathyipropane) 024 0.00 0.20 0.00 981 0.43 029 5.08 227
Freon114 (1,2-Dichloroteysuroetens 023 020 0.00 035 0.21 0.22 0.34 0.24 0.22
1-Butene/2-Metwwopene 041 03 0.68 036 1.0% 0.82 0.67 1.57 1.12
1,3-Butadiens 000 0.00 0.00 0.00 0.41 030 027 0.53 0.30
Butsne 147 135 062 070 4725 1.19 1.45 16.39 784
+2-Butene 0.00 0.00 0.00 000 o1 0.00 0.05 0.12 051
22 Dimettripropane 0.00 0.00 0.00 0.00 Q.17 0.00 0.00 0.00 0.00
c-2-Butene 0.00 000 0.00 0.00 0.16 0.00 0.00 0.00 0.40
1-Pentene. 0.00 0.00 000 0.00 0.19 0.00 a5 0.00 022
Pentane 0.22 0.19 012 0.00 $372 1.12 1.16 15.65 7.83
oprene (2-Methyt-1,3-Butsdiena) [1¥3] 020 0.00 0.00 0.16 o2 023 018 0.00
£2-Pertune 0.00 0.00 0.00 0.00 038 0.00 0.00 0.00 0.40
c2-Pertane 0.00 000 0.00 0.00 021 0.00 0. 0.00 0.47
Dichioromethane 539.32 547 66 350.77 639.76 65531 387.66 2127
22-Dimnethybusne: 0.00 0.00 000 000 1.36 000 007 02
Cyclopentane 0.06 0.06 0.00 0.00 558 017 019 142 074
2,3-Dimathyiutane 117 1.14 048 0.54 394 0.57 058 1.17 122
4-Methyt-2-Pertens 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00
2-Methryipentane 061 054 027 028 24.18 104 107 661 3.66
c4-Methyl-2 Pantene 0.00 0.00 000 000 0.00 0.00 000 0.00 0.00
041 030 0.15 020 1477 073 075 384 220
1-Hexena'2-Mety-1-Pentane 0.00 0.00 0.00 0.00 018 0.00 013 037 0.4
Hexane 100 038 0.14 021 2839 1.43 137 8.33 525
t2-Hexene 000 0.00 0.00 0.00 013 000 0.00 0.00 016
3-Meting2-Pentene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 019 023
©-2-Hexene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 014
©3-Mettr- 2-Pertens 0.00 0.00 0.00 0.00 015 007 0.00 024 031
2.2-Oimethylpentana 000 0.00 0.00 0.00 0.57 0.00 0.00 015 a.07
1,2-Dichioroethane 0.00 0.00 0.00 0.00 012 0.00 0.00 0.00 0.00
Mathyicyclopentsne 014 006 0.00 000 17.28 094 0.96 467 228
2 129 120 0.58 062 176 081 062 072 1.06
1,1,1-Trichiorosthane 073 0.68 072 079 0.69 083 076 075 1.05
22,3 Timetiytutane 005 0.00 0.00 000 0.16 0.00 0.00 0.00 0.00
013 012 0.13 013 545 27 257 558 3.16
Cyclohaxane 008 0.12 0.00 000 11.33 0.82 077 289 122
2-Metiwhexane 007 007 0.00 0.00 314 0.32 027 0.78 057
2,3-Dimethyipontane 0.72 072 034 039 235 0.49 0.49 070 077
Cyclohexsne 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 0.00
3-Methruxane 0.20 009 000 0.00 591 0.56 0.59 1.60 1.0t
1 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00
22 4-Trimethylpertane 15.12 14.67 781 864 427 7.02 715 553 11.83
+3-Heptens 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
Heptane 0.08 0.04 0.02 0.02 1156 1.46 1.47 3156 1.56
+2-Heptene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
©-2-Heplena .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22-Dlmativdhexans 0.00 0.00 0.00 0.00 0.35 0.06 0.00 0.00 005
Methyicyclohezane 0.07 0.02 0.00 0.00 15.15 238 243 442 1.8t
2.5-Dimethryiwxans 1.98 163 1.02 110 1.10 .02 101 0.83 1.57
2,4 Dimetytexars 238 237 136 1.45 139 134 1.34 1.08 21
2.3,4-Trimetwipantane. 518 512 282 3.07 1.80 263 262 194 393
Toluena 1138 1097 1.08 807 877 8.35 724 461 11.65
2-Metinheptane 0.09 007 0.00 0.00 219 054 0.55 0.57 037
4-Metyheptane 0.00 0.00 0.00 0.00 072 0.00 018 0.00 0.00
1-Methyicyclohexene 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
3-Methyhaptane ao8 007 0.06 006 1.94 0.47 0.48 047 0.34
1, 3-Dimethyicyciohexane: 0.00 000 0.00 0.00 181 0.47 0.50 0.50 0.24
+1,4-Dimettwicyciohexane 0.00 .00 0.00 0.00 0.85 022 026 025 0.12
22.5-Trimetryhexane 205 19 1.26 139 0.68 1.10 109 [oX:}] 160
1-Octane 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
Octane 009 007 0.02 0.02 3.02 087 1.02 084 045
1,471 3-Dimethyicycohexane 0.00 0.00 0.00 0.00 0.39 0.14 0.15 0.12 0.00
©-2-Octene 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
Etwbenzene 033 025 0.50 037 1.01 0.67 032 0.40 072
mip-Xylens 0.34 029 0.28 045 272 0.81 0.83 049 1.60
21.00 20.92 1618 12.57 2265 21.05 2517 9.90 19.78
o-Xylane 011 0.11 0.10 014 0.85 029 0.30 0.17 0.45
Nonane 0.16 0.08 0.00 0.00 1.03 065 0.67 035 026
o-Propylbentene 0.00 0.00 0.00 0.00 0.08 005 0.08 0.00 004
3.6-Dimathrdoctane. 0.00 0.00 0.00 000 013 0.00 0.00 0.00 0.00
n-Propybenzens 0.00 0.00 0.00 000 0.19 0.10 0.06 0.06 0.00
0.09 0.06 0.07 0.09 044 023 023 010 o
4-Ettwholuens 0.05 0.03 0.05 0.00 0.20 0.11 0.17 0.05 0.10
1,3,5-Trimathylbenzene 0.06 0.04 0.06 0.08 024 014 0.18 0.07 012
-E1 0.04 0.02 0.03 0.04 017 0.10 0.12 0.04 0.08
1.24-Trimetrybenzene 031 014 023 0.23 066 0.51 0.58 0.44 0.40
Decane 024 0.12 0.10 0.00 057 0.66 0.52 026 0.33
#o-Butybenzene 000 0.00 0.00 0.00 0.00 0.00 005 0.00 0.00
0.00 0.00 000 0.00 0.00 0.00 0.05 0.00 0.00
1.2,3-Trimetwibenzens 008 005 007 0.00 0.18 017 023 0.08 012
ymene 015 0.00 0.00 0.00 0.00 021 037 0.00 027
1.2-Dichiosobenzens 0.00 0.00 0.00 0.00 0.00 0.00 013 0.00 0.00
0.00 0.00 0.00 0.00 0.068 006 010 000 0.00
1,3-Diethybenrene 000 0.00 0.00 0.00 0.00 0.00 013 000 0.00
1.4-Diethybenrens ags .00 0.00 0.00 0.16 0.09 o1 0.00 0.11
n-Butybenzene 000 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00
1,2-Disthyenzene 000 0.00 0.00 0.00 0.00 0.00 017 0.00 0.00
Undecane 034 026 008 0.00 057 088 069 048 0.51
Napihalene 0.68 0.60 012 0.00 1.21 0.57 0.00 0.86 0.46
Dodecane 068 078 0.30 000 1.54 0.87 147 077 072
Hexybenzens 0.00 0.00 0. 0.00 0.00 0. 0.00 0.
TOTAL VOC 73.94 69.74 501.83 602.23 €99.53 732.02 735.28 523.13 569.07

Sample Voene (mL) : 494.00 504.00 437.00 248.00 504.00 487.00 246.00 511.00 497.00
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Table A-24
Description | bum (11:27)  bum (11:43)  pre-ignition  pregrition pre-ignition  pre-ignition bum bumn bum
VOC CONCENTRATION (ig/m3) Convairiphume Convairtphume  RS-1 RS-1 RS-Y ns-1 RS-§ R34 RS
[of nd [X 3mi OW 20mi OW RChost] RCDHosi RCbostd RIC bost 1 RIC boat 1 R/C bost 1 RIC boat 1
Propane 0.00 0.00 38.16 67.10 35.11 246376 14309 428.94 231.58
Freon22 {Chiorodiuoromethane) 0.28 033 0.91 1.00 2. 0.37 035
Propyne 0.00 0.00 0.00 0.00 .00 0.00 [l ] 000
Chioromethane 0.40 0.94 1.40 0.00 1.52 3.04 0.58 0.00 253
Isobutana {2-Methyipropane) 259 0.43 49.10 5273 4595 393181 41318 547.67 526.05
Freont14 (1, 2-Dichloroterafiurethane .48 0.22 0.38 0.00 037 5.02 072 0.00 0.55
1-Butene/2-Methylpropene 114 0.35 769 6.51 773 19.18 8.93 0.00 13.19
1.3-Butadiene 0.00 Q.00 127 0.00 129 200 287 0.00 3.06
Butane a.99 1.16 122.59 151.41 12125 13787.58 207062
t-2-Butene 0.59 0.00 188 0.00 193 0.00 0.00 0.00 0.00
22-Dimetnfpropane 0.00 0.00 052 0.00 051 6535 6.97 866 9.59
c-2-Butene. 0.47 0.00 1.76 0.00 177 .32 096 0.00 1.69
1-Pentens 0.25 0.00 1.18 0.00 1.26 3.18 1.49 0.00 189
Pertane 9.11 1.10 150.15 200.02 156.27 2332761 330379
Isoprene (2-Methyl-1,3-Butadiene) 0.00 0.00 [} 0.00 049 0. 0.64 0.00 0.B5
t-2-Pentena 0.46 0.00 123 0 1.34 424 1.08 0.00 1.82
c-2-Pentene 054 0.00 0.66 0.00 0.69 1.93 0.55 0.00 1.00
Dichiaromethane 428 55 188.42 19803 25230 2078 14427 1.94 2596 35.00
2,2-Dimethybutane 0. 000 3.39 0.00 337 510.13 44.37 6368 64.24
Cyclopentane 083 0.14 17.06 22.00 1808 3081.02 237.94 366.10 27361
2.3-Dimethylutane 1.31 031 11.82 1421 11.88 1959.53 15162 233.83 176.33
1-4-Methyt-2-Periens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-Methyipentane 405 069 8548 107.54 89.51 13212.87 1740.25 887.08
c4-Methyi-2-Pentene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00
3-Metyipantane 239 051 7465 97.05 7923 8691.79 651.19 1103.94 829.56
1-Hexena/2-Mathyt-1-Pentere 0.00 0.00 1.00 0.00 107 395 145 0.00 186
Hexane 571 073 1016.04 19288.25 2521.19
t-2-Hexene 017 0.00 032 0.00 0.35 0.58 0. 0863
-3-Methyt-2-Pentens 0.00 0.00 o1 0.00 o 0.00 026 0.00 0.39
c-2-Haxene 0.00 0.00 024 0.00 027 140 0.40 0.00 0.00
©FMetty-2-Pentane 0.19 0.00 024 0.00 024 112 0.29 0.00 0.48
2,2-Dimethyipentane 000 0.00 254 330 2n 446.97 3655 50.49 51.14
1.2-Dichioroethane 0.00 Q 096 0.00 0.88 0. 6.19 0.
249 037 147.07 205.80 154,83 11522.32 147217 1070.24
2 1.18 0. 6.03 7.92 6.37 961.99 78.96 113.10 107.94
1,1,1-Trichiorpathane 1.40 071 0.84 0.00 0.87 0.00 078 0.00 1.11
223 Trimetyaamne 0.00 0.00 080 0.00 0.86 97.98 8.66 1125 12.05
Benzene 335 0.52 4.80 667 512 27199 30.94 44.33 38.65
Cyclohexane 123 025 51.90 67.97 54.88 8111.27 614.55 1043.40 74721
2-Methythexane 056 on 15.90 19.55 16.96 0.00 187.79 287.54 []
2.3-Dimethyipentane: 084 023 10.22 1271 11.05 148403 13382 183.57 174.33
Cyclohenans 0.00 0.00 0.00 0.00 0.00 Q. 3.98 0.00 0
3-Methyhaxane 092 017 32.10 4543 3428 4851.52 378.54 583.07 480.06
1 0.00 0.00 0.00 0.00 0.00 0 0o 0.00 0.00
2.2 4-Trimetwipentane 13.10 340 0.00 10.74 000 164.00 0.00 0.00 2491
t-3-Heplene 0.00 0.00 039 0.00 0.38 0.00 0.00 0.00 0.
Heptane 173 030 75.55 97.19 80.06 9903.91 1359.57 986 52
1-2-Heptene 0.00 0.00 090 0.00 0 0.00 109 0. 64
c-2-Heptene. 0.00 0.00 064 0.00 063 0.00 073 0.00 0.44
22-Dimethesana 0.00 000 267 0. 2.82 355.01 3093 0.00 18.74
cane 1.97 035 106.84 141.43 113.86 13884.90 1838.00 1368.53
2 5-Dinethythexane 164 049 3 3 324 35841 3599 47.11 6.
2, 220 063 416 583 433 52024 49.42 68.48 67.00
2.3.4-Trimethyipentane 425 121 0.87 0.00 103 88.96 10.08 13.22 12.94
Toksens 14.88 3.04 9.90 14.25 10.42 74351 73.76 106.71 94.72
2-Metryheptane 038 0.0% 2032 2586 20.90 1943 50 21211 294.14 206.19
4-Methytheptane 000 0.00 635 0.00 6.52 43524 68.55 000 90.67
1-Methyicyclohexens 000 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00
3 Methylheptane 03 0.10 16.23 18.28 17.00 1620.12 177.29 246.25 199.63
<-1,3-Dimethyicyciohexane 026 0.00 17.64 2117 1879 1711.73 175.38 263.38 0.00
1 4-Dimettvyicyclohexane 0.00 0.00 10.30 10.56 10.63 77288 105.62 10974 0.00
2.2.5Tometyhexane 169 048 026 .00 027 17.97 247 0.00 284
1-Octene 0.00 0.00 0.00 0.00 000 000 000 0.00 0.00
Octane. 0.48 012 36.00 38.46 3697 2926.14 347.36 499.98 358.92
©1.47-1.3-Dimethyicyclohexane 0.00 0.00 4.58 576 480 444 11 50.04 66.54 6439
©-2-Octane Q.00 000 015 0.00 015 0.00 0.00 0.00 0.00
Ethybenzene 078 012 3.67 284 377 170.65 2493 265.88 30.47
vp-Xylene 1.78 029 1230 10.94 1267 557.28 8335 95.30 101.92
Stytens 21.16 11.04 094 0.00 o087 0.00 0.71 0.00 0.88
a-Xylens 052 0.11 4.06 3.66 417 151.37 2455 27.87 29.70
Nonene 0.24 0.12 23.95 17.27 2454 928.07 167.47 200.81 195.66
iso-Progybenzene 0.00 0.00 076 0.00 078 27 45 523 575 €.05
3.6-Dimethyloctane 0.00 0.00 176 0.00 179 70.16 15.08 17.03 0.00
n-Propylienzena 0.00 0.08 169 1183 172 3323 7.81 4.99 9.11
3-EthyRoluene 0.19 008 438 298 446 79.14 19.61 127 21.46
4-Ethykoliene. 0.09 0.05 207 1.83 211 30.95 8.66 395 9.82
1.3,5-Trimethybenzens 013 0.05 310 359 316 50.72 13.53 1272 15.18
2-Ethytoiuens. 0.09 004 192 267 197 29.28 7.6 6.88 8.56
1,2.4-Trimethylbenzene 0.43 026 959 768 959 105.65 31.32 26.17 3278
Decane 0.38 028 2057 1274 20.89 20017 8013 60.51 87.31
#o-Butylbenzene Q.00 0.00 c27 0.00 028 a00 1.189 0.00 1.23
sec-Butybenzene 0.00 0.00 0.50 0.00 050 7.49 218 0.00 2.44
1.2.3-Trimethylbenzene 014 0 342 316 342 3121 10.38 953 11.87
p-Cymene 0.00 025 107 0.00 110 0.00 n 0.00 362
1,2-Dichiorobenzene 0.00 0.00 0.08 0.00 0.08 0.00 0.18 0.00 0.00
Indane 0.00 0.00 074 0.00 073 6.87 207 0.00 243
1.3-Diettyibenzene 0.00 0.00 0864 0.00 064 600 1.52 0.00 1.76
1.4-Diethybenzene 0.00 0.18 357 000 358 0.00 874 0.00 9.87
n-Butybenzene 0.00 0.00 098 0.00 097 0.00 258 0.00 2.90
1.2-Diethytenzene 000 0.00 0.22 0 0.22 0.00 0.58 0.00 0.59
Undecane 0.51 111 2433 16.25 2494 59.84 61.57 4396 §5.33
Naghihalene 0.00 089 5.31 0.00 6.01 0.00 12.02 0.00 7.30
Dodecsne 0 171 2844 1550 30.11 2557 43.95 34.15 3884
Hexybenzens 0.00 0.00 131 0.00 125 0.00 4.29 0.00 0.00
TOTAL VOC 554.49 224.97 1528.28  2862.21 1583.98 156734.16  5155.18 21824.42 9983.20
Samgpée Volume (mL) : 272.00 504.00 §04.00 2000 504.00 20.00 20.00 507.00



Table A-24

Description
VOC CONCENTRATION {g/m3)
Col ind Location

hobutane (2-Methylpropane)
Freon114 (1.2-Dichlorotetra furoethane

loprene (2-Methyt-1,3-Butadiene)
t-2-Pentene
©-2-Pentene

1-Hezene/2 Methyl1-Pentene
* Hexane

+2-Hexene

1:3-Methyl-2-Pentene

©-2-Mexene

c-3-Methyi- 2 Pentene

ene
TGTAL VOC
Sample Volume (mt)

burn.
RS-1
R/C boat 1

1

319.62
07t
0.00
355

647.80
1.39
7147
263

232597

2324

0.00
18317.72
123.00

bum
RS2
RIC bost 2

0.00
515
0.00
421
14074
204
5175
215
170.47

0.00
1507.62
95.00

bum
RS2
RIC bost 2

69 52
132
0.00
113

8158.13
504 00

1158

bumn
RS2
RIC boat 2

12481

7106.52
484 00

bum
RS2
RIC bomt 2

116 15
1

Gowrrwind
£Co 208

peedignition  bum

downwind
€CO 208

Downwind
<CG 208

189
0.58
028

bum

dowsrwind
€ca 208

1.31
034
0.24
1.26
557
0.59
588
1.21
1172
157
000
114
1.31
17.39
065
209
123
225
324
253
387
0.00
267
074
10.90
1.28
1290
091
071
075

bum

downwind
€CG 206

0.00
031
0.00
122
536
o068
591
119
11.62

NOZ==o
BB 8E
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able A-24
T Description | pregnition  bum  predgniion  bum  prelgation  predgnition  bum bum  pre-ignition tum
VOC CONCENTRATION {is/m3)
Location | ccozs  ©cG203  CCO24 CCG204  CCO2M2  CCOM2  CCA12  CCO212  CCO4  CCa214
T

:::: 8.52 0.00 111 0.43 0.00 0.00 0.00 000 55.16 923
Freon22 (Chlorodifluoromethane] 017 0.45 0.43 0.00 3.16 187 067 115 095 0.00
Propyne 3.06 036 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.14
Chioromethane 1.03 0.73 144 095 216 213 172 173 359 127
tsabutane (2-Methwipropane) 59.48 1577 184 0.86 1.23 073 0.30 036 46.93 2765
Freon114 {1 2-Dichiorotetrafurcethane  0.39 066 085 0.45 2.01 0.76 057 062 1.75 0.35
1-Butenes2-Methylpropene. 37.70 14.47 694 0.54 18.33 18.37 .21 687 25.07 11.19
1.3-Butadiene 12.90 475 0.62 0.00 232 1.40 043 068 2.40 207
Butane 11863 30.56 3.14 092 203 1.43 0.61 076 15229 85.47
t-2-Butene 12.22 399 082 0.00 1.35 1.08 0.46 056 1.39 200
2.2-Dimethylpropane 0.72 0.18 0.00 0.00 0.00 0.00 0.00 0.00 063 0.78
c-2-Butene 12.98 361 0.60 0.00 115 111 062 059 1.46 249
1-Pentene 9.48 241 136 0.04 4.46 4.45 1.23 117 350 223
Penlane 170.60 4020 179 0.56 1.80 122 045 048 168.00 97.37
lscprene (2-Metiwt- 1,3 Butadiene) 7.81 239 0.00 0.00 0.00 0.00 0.00 0.00 1.08 099
1-2-Pentene 19.54 474 0.36 0.00 0. 0.40 008 0.00 0.39 147
-2 Pemene 1768 3.90 0.00 000 0.00 Q.00 0.00 0.00 056 192
Dichioromethane 232 392 3.70 175 6.40 576 1.52 181 4.41 039
22-Dimetiytutane 4134 9.41 0.00 0.00 0.00 000 000 0.00 21 455
Cyclopentane 2948 665 0.00 0.00 0.00 0.00 000 0.00 1725 10.13
2,3-Dimethybutane 48.90 10.22 0.30 012 000 0.00 0.00 0.00 1026 887
1-4-Methyt-2-Pentene 132 029 0.00 0.00 0.00 0.00 0.00 0.00 0.00 021
2.4 168.63 4527 7.53 0.39 7.05 574 162 2.01 12272 62.18
c-4-Methyl-2-Pentene 7.71 1.43 0.00 000 0.00 0.00 0.00 0.00 [ 0.78
3-Metiryipentans 114.66 2770 080 033 084 223 0.09 0.00 51.46 3545
1-Hexener2-Methyl-1-Pentene 11.83 2.60 1.05 0.00 58 4.05 125 1.18 349 208
Hexane 109.72 31.53 2.50 069 361 255 0.50 0.80 107.62 7071
1-2Hexene 907 200 0.00 0.00 0.00 0.31 000 0.00 033 061
13- Mathyi-2-Pentene 885 162 0.00 0.00 0.00 0.00 000 0.00 000 070
6.36 1.32 0.00 0.00 000 0.00 0.00 0.00 029 0.52
1183 237 0.00 0.00 0.00 0.00 000 000 019 1.03
6.47 1.41 0.00 0.00 0.00 0.00 0.00 0.00 204 1.94
039 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.35
81.58 17.60 0.68 022 068 953 000 0.00 61.30 44.81
2212 445 0.00 0.00 0.00 0.00 0.00 000 436 485
088 093 0.74 074 108 089 074 079 096 0.57
166 038 032 000 219 179 038 042 1.50 0.80
101.32 2237 161 029 104 085 031 0.38 2.47 10.66
36.79 786 047 000 114 098 0.00 030 39.51 3204
3984 668 0.00 0.00 0.00 0.00 000 0.00 11.30 11.48
3479 0.00 0.00 0.00 000 000 000 0.00 672 871
0.00 0.00 000 000 0.00 0.00 0.00 .00 0.00
7226 13.49 000 0.00 000 0.00 0.00 000 2047 2485
0.00 0.00 103 0.00 314 459 1.46 0.00 0.00 000
2895 707 040 0.10 119 081 037 046 0.00 3.01
1.11 027 0.70 0.00 245 o083 021 058 066 0.17
56.37 11.95 071 0.15 057 104 0.15 043 47.10 50.41
416 081 146 0.00 5.02 373 0.88 112 288 0867
521 089 1.00 0.00 261 628 183 078 457 184
268 059 000 0.00 0.00 0.00 0.00 000 0.00 1.95
3419 607 038 0.00 0.00 0.00 000 0.00 6113 68.08
10.88 229 0.00 0.00 1.14 0.00 0.00 0.00 206 298
1364 225 a00 000 0.00 0.00 0.00 000 225 393
15.02 311 000 0.00 0.00 0.00 0.00 000 0.45 1.51
290 82 67.78 29 079 3.10 230 0.50 074 6.46 38.07
27.95 6.04 022 000 0.00 0.00 0.00 000 10.44 16.70
1232 0.00 0.00 0.00 0.00 0.00 0.00 0.00 264 0.00
0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 000
4288 847 000 0.00 0.00 0.00 0.00 0.00 691 16.32
557 077 000 000 0.00 0.00 0.00 0.00 7.40 1294
313 000 000 0.00 0.00 0.00 0.00 0.00 3980 679
492 1.06 000 000 000 0.00 0.00 0.00 0.12 046
1-Octene 0.00 0.00 068 0.00 1.68 4.45 228 072 4.28 000
Octane 2170 436 040 0.09 0.58 054 0.1¢ 020 1475 29.56
€-1,41-1 3-Dimethytcyclohexane 412 0.65 0.00 0.00 0.00 0.00 0.00 0.00 1.71 402
©-2-Octene. 3.16 0.54 0.00 0.00 0.00 0.00 0.00 0.00 210 0.83
Ethybenzene 77.85 17.25 056 0.16 064 0.53 011 0.18 157 11.77
mvp-Xylene 23966 5336 1.86 0.49 220 177 0.34 0865 533 3B 62
Styene 472 0.55 0.00 0.00 0.00 0.00 000 0.00 024 0.30
o Xylene 80.45 18.21 0B84 017 0.75 0. 010 021 168 13.21
Nonane 10.90 190 037 0.00 0.84 062 024 028 6.83 2377
iso-Propylbenzene 539 103 0.00 0.00 0.00 0.00 200 0.00 032 131
3.6 Dimethwioctane: 218 0.41 000 0.00 0.00 0.00 0.00 000 0.00 225
n-Propybenzene 2070 4.40 023 0.03 0.49 039 0.26 028 1.14 3N
3-Ethytoiuena 67 44 14.48 036 0.06 0.47 0.29 008 015 159 11.83
4-EthyRolene 3383 6.69 020 0.00 0.15 o1 005 0.09 074 578
1.3,5-Trmetwibenzene 3535 691 025 0.07 0.39 0.30 0.06 0.09 1 674
2-Eltwhtohuene 24.48 510 018 006 024 016 0.05 007 0.70 448
1.2.4- Time@wibenzene 10498 2189 071 0.15 388 072 312 454 1723 2011
Decane 829 115 031 0.00 0.87 061 024 036 502 1613
iso-Bulyibenzene 172 035 0.00 000 0.00 000 0.00 0.00 [ 045
ec. 1.74 031 0.00 0.00 0.00 0.00 0.00 0.00 018 062
12,3-Trmethyibenrene 2315 464 023 Q.00 0.00 0.00 0.00 0.00 m 519
p-Cymene 113 0.00 0.00 0.00 000 0.00 0.00 0.00 063 084
1.2-Dichioropenzene 0.00 000 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00
Indane 1250 189 0.00 0.00 0.00 000 0.00 0.00 029 188
1.3-Dietwbenzene 679 114 0.00 0.00 0.00 0.00 ¢.00 0.00 028 127
1.4 DiethyBenzene 3384 0.00 0.28 000 0.00 0.00 000 0.00 106 000
n-Butybenzene 555 0.81 0.00 000 0.00 0.00 .00 0.00 0.40 147
1.2-Dietbonzens 123 026 0.00 0.00 000 0.00 000 0.00 0.00 030
Undecane 1204 127 0.51 0.00 054 0.58 027 0.40 867 1465
Naphthalene 3466 259 0.00 0.00 0.00 0.00 000 019 0.00 4.00
Dodecane 1319 202 1.01 0.08 0.43 028 0.25 .44 1105 12.05
Hexybenzene . 7 0.00 0.00 0.00 0.00 0.00 10.08 3.09
TOTAL VOC 2870.17  652.14 7201 12.06 231.89 163.44 57.77 85.27 1221.79 1058.26

Sample Vohame {mL) 490.00 52000  488.00 48000 495.00 502.00 50200 495.00 511.00 49500



Table A-24
VOC CONCENTRATION (pgim3}

[ Location | aan
Propene X
Propane: 0.00
Freon22 (Chiorodfucromethene) 2.21
Propyne 0.00
Chioromethene 086
Isobutane (2-Methylropene) 153
Freon114 {1 2.Dichiorotetraburoethane  1.94
1-Butene/2-Methylipropena 4.78
1.3-Butadene 0.00
Butane 2.52
12-Butene 054
2.2-Dimetryipropane 0.00
c-2-Butene 0.00
1-Pentene 0.59
Pentane 325
hoprane (2-Methyt-1,3-Butadiene) 0.00
+2-Pentene. 0.00
c-2-Pantene 0.00
Dichioromethane 476
2.2-Dimettwintane 0.00
Cclopentane. 0.00
2,3-Dimetrybutane 0.00
F4-Metrp-2-Pentene 0.00
24 1.01
c-4-Methyt-2-Pentene 0.00
kS 1.16
1-Hexene/2-Melnt-1-Partene 0.00
Hexane 58
+2-Hexene 0.00
+3-Methy-2-Pentane 0.00
£2-Hexene 0.00
©3-Metwi-2-Pentene. 0.00
2.2-Dimettryipentane 0.00
1.2-Dichioroethane 0.00
Methyicyclopentane: 115
2,4-Dimethyipentane 0.00
1.4.1-Trichioroethene 405
2.2.3 Trimetiybutane 000
Benzens 092
Cyciohexane 0.78
2-Methyherane 0.00
2.3-Dimetwipentans 000
Cyciohuxene 0.00
3Methyherane 126
1-Heplene: 0.00
22,4 Trimetyipeniane 033
+ 0.00
Heptana 109
t:2-Heptone 0.00
©-2-Heptone 0.00
22-Dimwiinfhexane 0.00
Mathylcyclohexane 057
2,5-Oimethyhexane 0.00
2.4-Dimetinihexane 0.00
2,34 Trimeihypentane 0.00
Toksmne .92
2-Methytheptane 0.00
4-Methylheptane 0.00
1-Methylcyclohesens 000
3-Metyheptane 0.00
1. 3-Dimethyicyciohexans 0.00
1,4 Dinethyicyciohexans 000
225 Trimethyhexana 0.00
1-Octene 0.00
Octane. 063
©1.471,3-Dimethyicyclohexane 600
©-2-Octene. 000
Ethybenzene 670
mip-Xylene 1.92
Styrene 0.00
oXyens 077
Nonane 060
isa-Propyibenzene 000
3.6-Dimetivyioctene 0.00
n-Propybenzens 021
3EthyRoliene 0.44

033
1.3.5- Timethybenzene 027

-El 033
124 Trimetybenzene 097
Decana 055
mo-Butybanzene 0.00
sac-Butybenzene 0.00
1,2.3-Trimethylbenzene 030

0.00
1,2-Dichlarobenzene 000
indane 0.00
1.3-Diethybenzene 0.00
1.4-Dictyenzens 000
Butylberzene 0.00
1.2-Disttryenzems 0.00
Undecane 037
Naphihaiene 0.00
Dodecane 044
Hexybanzene 6.57
TOTAL VOC 80.48
Sample Volume {mi) 49500
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O IR

bum  praigmition  pre-ignition  bum bum
swo Casaco Cossco  Cassco  Casaco
0.00 0.00 000 0.00 0.00
118 086 165 0.58 119
0.00 0.00 0.00 0.00 000
1.29 1.45 4.94 1.56 1.16
0.23 184 087 032 0.00
071 13 208 072 07
868 496 16.13 6.28 733
0.52 0.00 091 039 0.00
0.35 3.96 187 064 0.80
0.33 0.85 113 0.38 0.40
0.00 0.00 0.00 000 0.00
0.46 073 1.51 0.42 0.48
215 123 4.40 237 135
0.37 338 1.06 0.43 0.48
0.00 0.00 0.00 0.00 0.00
0.00 0698 000 013 011
0.00 0.58 0.00 0.00 000
083 11.97 ast 19 088
0.00 0.00 0.00 0.00 0.00
0.00 0.31 0.00 0.00 0.00
0.00 023 0.00 000 0.00
000 0.00 0.00 0.00 0.00
2.80 130 3016 1233 113
0.00 0.00 0.00 0.00 0.00
0.00 1.36 0.00 0.00 0.00
219 137 318 192 1.44
0.51 18.74 238 122 1.01
0.00 0.00 000 0.00 0.00
0.00 0.00 000 0.00 0.00
0.00 0.00 0.00 000 0.00
0.00 026 000 0.00 0.00
.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 093 0.42 0.19 0.25
0.00 .00 0.00 0.00 0.00
0.89 122 134 088 084
073 000 080 065 o9
025 162 083 029 0.38
0.00 077 085 032 0.44
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 000 0.00 0.00 0.00
0.00 113 1.42 0.00 0.00
282 1.38 35 280 0.00
0.52 0.38 1.07 000 0.53
024 0.00 o9 020 023
0.40 1.00 146 079 073
122 0.00 385 071 0.95
277 000 681 112 1.50
0.00 0.00 0.00 0.00 0.00
0.00 0.90 1.09 058 070
0.00 000 0.00 020 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
043 515 231 074 1.19
0.00 040 038 048 0.2t
0.00 0.00 0.00 0.00 0.00
000 0.00 000 0.00 0.00
0.00 0.49 0.00 015 015
0.00 029 0.00 018 025
0.00 0.00 0.00 0.00 0.00
0.00 0.00 000 0.00 0.00
585 1.06 5.69 4.40 2.57
016 071 093 0.39 0.52
0.00 0.00 000 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.08 0.99 0.5t 022 0.28
033 288 173 071 0.94
0.00 030 0.00 0.00 0.00
010 0.92 065 0.26 033
025 119 137 0.68 081
0.00 016 026 0.10 013
0.00 0.00 0.00 0.00 0.00
a.19 038 0860 037 0.44
012 061 0.76 027 0.42
007 028 0.42 0.14 022
0.1 039 0.49 0.19 03
0.06 032 0.38 0.15 0.22
034 185 199 088 1.0t
016 168 171 068 0.83
0.00 0.00 000 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 046 064 0.21 038
0.00 0.00 0.00 0.00 0.66
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 000
0.00 0.00 0.67 0.00 0.39
0.00 0.00 0.00 0.00 0.00
000 0.00 0.00 0.00 0.00
021 151 287 055 1.15
0.00 0.00 232 0.00 o9
020 096 278 051 mm
0.00 0.00 0.00 0.00 117
5291 91.5¢ 140.70 57.32 45.71
502.00 .00 507.00 502.00 507.00
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Table A-24

Osscrigtion | bum post-bum burn bum  praignition (14:00) bum {14:13)  bum (14:32)  bum(14:24)  bum(14:24)
VOC CONCENTRATION {pg/m3} R/C HiCA NC HY RICHZLA WCHICA Convalr
Location

Propene 3 . . X X

Propane 03 028 008 069 0.00 015 0.15 0.00 1.43
Freon22 (Chiorodifucromethane) 026 073 0.48 1.08 0.81 1.00 0.00 1.48 126
Propyne 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
057 0.43 0.65 0.24 095 0.86 098 0.91 075
} 0.49 0.56 0.65 0.31 0.00 0.32 0.48 343 335
Freont 14 (1 2-Dichioratevafurosthane 30 034 0.37 0.40 0.24 0.22 024 0.24 0.22
1 110 205 2 337 0.35 1.01 054 113 1.06
1,3-Butadiene 020 0.00 010 0.10 0.00 016 022 0.44 0.43
Butane 121 0.89 111 0. 0.23 1.70 176 1421 13.00
1-2-Bulene 000 0.13 0.15 017 0.00 0.00 0.00 0.16 011
2,2-Dimethypropane 0.00 0.00 000 0.00 0.00 0.00 000 0.00 0.07
¢-2-Butene 0.15 01 0.31 0.29 0.00 0.00 0.00 0.00 08
1-Pentens oM 0.17 0.44 0.82 0.00 0.00 0.10 0.12 [UR]]
Pentane 102 0.85 1.2 048 0.06 221 234 2227 16.22
Isoprane (2-Methyl-1.3-Butadiane) 000 000 0.19 0.18 0.00 0.12 014 022 019
1-2-Pentene 0607 0.09 023 0.05 0.00 0.00 0.00 0.13 .05
c-2-Penlene 0.07 0.08 0.16 0.06 0.00 [ 0.00 0.00
Dichioromethane 0.29 8.31 124.07 7.54 128.21 451.30 11451 24786 159.64
2.2-Dimattylutana 0.10 0.14 0.16 0.00 0.00 0. [] 044 029
Cyclopentane. on 011 0.19 0.00 0.00 033 028 2 168
2.3-Dimethybutane 0.12 0.16 0.29 0.00 008 071 0.51 208 1.52
t4-Melthyl-2-Pentene 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
2Methyipentane 0.53 072 252 497 0.06 186 158 10.03 8.96
c-4-Mettry-2-Pentene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.10 072 3938 142 0.00 126 1.06 7.19 521
1-Hexener2-Methy-1-Pentene. 0.19 0.20 059 0.83 0.00 0.00 0.00 0.00 0.00
Hexane 283 3.79 26.51 0.12 293 224 15.29 11.05
+2-Hexene 0.00 0.05 017 000 0.00 0.00 0.00 0.00 0.00
+3-Methwh-2-Pentene 0.00 0.00 0.13 0.00 0.00 000 0.00 0.00 0.00
©-2-Hexene 0.00 0.00 012 Q.00 0.00 0.00 000 0.00 0.00
c-3-Metint-2-Pentena 0.04 0.05 0.13 005 0.00 0.00 0.00 0.00 0.00
2,2-Oimethyipendane 0.00 0.00 0.00 0.00 000 0.07 0.05 029 0.22
1,2-Dichioroethane: 0.00 0.00 0.61 0.00 0.00 0.00 0.00 0.00 0.00
0.58 057 97.97 420 0.00 186 1.43 9.21 6.59
24-Oir 0.05 0.09 0.16 000 0.10 073 049 137 1.04
1,1,1-Trichioroathane 0.45 177 101 0.00 073 0.90 076 082 0.7%
2.2.3-Trmettyibutsne 0.06 0.06 0.00 0.00 0.00 0.00 0.00 0.1 0.09
Benzens 0.34 30.88 162 016 0.10 139 3.16 270 203
Cyclohexane 0.17 017 0.81 007 0.23 145 1.00 5.80 407
2-Methyhexane 0.00 013 0.41 0.00 0.00 045 0.32 160 124
2,3-Dimnettyipectans 011 0.00 0.36 0.00 0.08 068 0.44 1.42 1.05
Cyclohexene 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00
FMethybexane 0.19 036 0.88 0.00 0.00 0.86 0.62 305 247
1-Heptene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00
22 4-Trimetiipentane 0.08 0.19 0.00 0.00 139 848 535 986 7.59
t 000 0.00 0.06 0.07 000 0.00 0.00 000 0.02
027 029 123 0.39 0.00 21 1.44 677 534
+2-Heplane 007 000 029 0.17 0.00 0.00 0.00 0.00 0.00
c-2-Heplene 0.00 0.00 0.00 0.38 .00 0.00 0.00 0.00 0.00
2.2-Dimettvyihexane 0.00 0.00 0.00 0.00 0.00 0.08 005 0.00 0.00
Methyicyclohaxane 025 0.15 0.50 000 0.00 325 217 877 7.25
2.5-Dimethythexane 0.00 0.00 0.14 0.00 o 1.15 0.68 14 1.09
2.4-Dimettnihexsne 0.00 0.00 0.20 0.00 0.28 1.5% 0.97 204 1.48
2.3.4-Trimethyipentane. 000 o1 0.18 000 0.58 295 171 322 249
Tohsene 080 404 18.26 0.54 162 5.02 3.09 566 4.43
2-Methylheptane 0.07 012 0.52 0.47 0.00 0.49 034 1.30 1.02
4-Methybheptane 0.00 0.00 028 0.00 0.00 0.16 011 041 0.32
1-Methyicyciohexena 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 Methytheptane 0.12 0.13 079 0.05 0.00 0.41 025 1.03 076
©-1.3-Dimethyicyciohexane 0.06 0.36 0.16 0.00 Q.00 0.44 031 114 0.
-1,4-Dimeticyciohexana 0.00 000 0.00 0.00 0.00 019 014 064 047
22 5-Trimetythexane 0.00 0.20 0.32 0.00 0.24 1.31 077 1.50 117
1-Octene 0.00 0.00 0.32 156 0.00 0.00 0.00 0.00 0.00
Octane 0.10 018 073 0.10 0.01 072 0.51 1.78 1.50
<1481, 3-Dimethyicyciohexane 0.00 0.00 o011 0.00 0.00 011 009 0.26 021
©-2-Octene 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
Ethybenzene o1 1.02 270 o1 0.05 0.17 0.10 027 0147
mp-Xylene 071 131 885 0.36 013 032 026 0.57 0.50
Styrene 0.00 0.17 035 0.10 652 401 an 536 5.85
o-Xylene 023 037 280 0.12 0.05 011 0.09 0.18 017
Nonsne 0.07 028 086 024 0.00 0.00 025 0.53 0.48
so-Propybenzene 0.00 0.04 023 006 0.00 0.00 0.00 0.00 0.00
18-Dimetintoctane 0.00 0.00 0.19 003 0.00 0.00 0.00 0.00 0.00
n-Propybenzenc 0.06 0.10 078 018 0.02 0.00 0.04 000 0.08
I-Ettyitoluene 013 018 1.93 0.15 005 0.00 0.07 0.10 0.12
4-Ethyioiuene. 0.07 0.10 083 0.12 003 0.00 Q.05 0.59 0.08
1,35 Trimethyibenzene 010 0.14 1.18 013 004 0.00 0.06 0.08 0.09
2-Ethyttoluene 006 0.10 073 0.08 002 0.00 0.04 0.05 0.06
1.2.4-Trmethylbenzene o 0.42 364 090 0.14 0.00 0.19 025 0.42
014 0.48 167 029 018 0.00 024 030 0.
iso-Butybenzene 0.00 0.00 006 0.04 0.00 0.00 0.00 0.00 000
sec- 0.00 0.00 o.11 004 0.00 0.00 0.00 0.00 0.00
1.2,3-Trimetwibenzene 011 0.16 0.96 015 0.07 0.00 0.09 0.09 0.12
p-Cymene 032 0.00 071 0.00 018 0.00 019 0.00 0.00
1.2-Dichiorobenzene 000 0.00 0.00 0.14 0.00 0.00 0.07 0.00 0.00
Indane 0.04 0.00 033 007 0.00 000 0.04 0.00 0.00
1.3-Diethyberzene 0.00 0.00 0.16 0.10 0.00 0.00 005 0.00 0.00
1.4-Diethryberzene 0.00 000 047 028 0.00 0.00 0.16 011 0.13
-Butybenzene 000 0.00 0.18 0.14 000 0.00 0.00 0.00 0.00
1.2-Diethytenzens 000 0.00 0.00 0.08 0.00 0.00 0.07 .00 0.00
Undecane 018 0.54 133 0.52 039 0.00 039 0.45 0.49
Naphthalene 000 0.38 000 192 0.00 .00 124 041 129
Dodecsne 0.40 0.37 0.45 132 0.86 098 0.80 0.99
He) 0.00 0.00 0. 4.06 0.00 0.00 27 0.00 0.00
TOTAL VOC 37.48 87.94 992.45 80. 145.41 507.79 183.51 441.94 298.95
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Table A-24
n.-aml bum (14:50)  bum (14:53)  bom [16:18}  bum (15:18}  post-bum (15:28) post-bum (15:12) post-bum (16:38) post-bum (16:10)
VOC CONCENTRATION {pg/m3} i« " infbbwr b i s
_ Compound Location | smiow SmiOW  15mi DWI200'  15mi DWI200°  6mi DWHI00"  mi DW/400" _ 6emi DWNT00" _ 12mi DWM500"
Propene T 657 879 1012  OX% 024 026 057
Propsne 030 0.14 0.00 000 0.15 0.00 0.18 0.19
Freon22 (Chiorodiucromethane) 084 0.62 0.40 065 0.00 081 0.74
Propyne. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chioromethane 043 022 089 0.33 0.84 097 1.02 1.07
tsobutane (2-Methylpropane) 028 0.21 0.00 0.00 0.70 0.65 0.84 03
Freon114 {1 2 Dichlorotewafuroethant 622 0.22 0.23 024 0.24 023 0.43 022
1-Butene/2-Methylpropene: 074 0.69 0.71 046 0.64 053 088 1.66
1.3-Butaciene: 000 0.06 0.00 0.00 0.15 000 0.00 0.00
Surane 083 092 0.16 0.16 263 287 3.69 3.06
+2-Butene 0.00 004 0.00 0.00 0.00 0.00 0.08 025
2.2-Dimettipropsne 0.00 0.00 0.00 0.00 0.00 000 0.co0 0.00
c-2-Butene 0.00 004 0.00 0.00 0.00 0.00 0.00 035
1-Petane 0.00 0.00 0.00 0.00 0.04 000 0.00 017
Pentane 090 1.09 0.00 Q.00 248 293 335 0.54
tsoprene (2-Methyl-1,3-Butadiene) 000 0.00 0.00 0.00 017 013 012 024
+2-Pertene 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
c-2-Pentene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dichioromethane 2033 18.00 19.15 15.37 166.76 9087
2.2-Dimethybutane 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
Cydlopentane on 012 0.00 0.00 024 030 034 0.08
23-Dimetyibutane 020 022 on 0.10 0.89 077 122 223
t4-Methd-2-Pentene 000 0.00 0.00 000 0.00 0.00 0.00 0.00
2 056 061 008 0.06 138 1.58 199 1.46
C-4-Methy-2-Pentene 000 0.00 000 0.00 0.00 Q.00 0.00 0.00
3-Methyipentane 041 046 0.00 0.04 0.90 099 1.26 0.52
1-Hexene/2-Methy-1-Penene 000 0.00 000 0.00 0.00 0.00 0.00 017
Hexane 085 080 016 Q.15 175 202 224 063
+-2-Hexene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
+3-Methyl-2-Pentene 000 000 0.00 0.00 0.00 0.00 0.00 000
€-2-Hexene 000 000 0.00 0.00 0.00 0.00 0.00 0.00
£-3-Methyt-2-Pentene. 009 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.2-Dimethyipentsne 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00
1,2-Dichioroethane 000 000 000 0.00 0.00 0.00 0.00 0.00
0.43 D.46 0.00 0.00 0.85 1.06 1.16 o1
2, o021 022 014 0.13 084 073 1.18 241
1,1,1-Trichioroethane 072 075 0.74 0.73 074 072 070 075
223 Trimetwihutane 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.16
Benzene 051 0.52 o1 0.08 1.08 0% 1.08 0.50
Cyclohexane 03 o 0.00 0.00 054 070 0.89 0.14
2-Methyhexene on 0.10 0.00 0.00 0.18 o 025 0.16
2.3-Dimetipentsne 017 0.18 010 0.09 050 0.46 0.60 130
Cyclohexene 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00
3-Methyhexsne 020 020 0.00 0.00 032 039 0.54 0.37
1-Heplene 000 0.00 0.00 0.00 0.00 0.00 118 0.00
2.2.4-Trimetvipertane 2.67 284 200 1.4 9.30 881 1457 28.55
t3-Heplens 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Heptane 0.40 044 002 0.02 085 075 086 027
+:2-Heptene 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
c-2-Heptene: Q.00 000 0.00 0.00 0.00 000 0.00 0.00
2.2 Dimethyihexane 0.00 001 0.00 0.00 0.00 0.03 0.03 0.00
Metmyicyclohexane 058 0.62 0.00 0.00 0483 098 113 0.2
2.5-Dimettythexsne 0.40 0.40 027 0.26 106 098 173 363
2,4-Dimettyihexane 055 955 038 0.37 128 127 207 464
234-Trimetyipentane 1.06 112 077 076 254 248 427 9.12
Tolusne 233 238 164 197 a1 353 561 11.01
2-Methyheptane: an 0.12 0.00 0.00 Q.15 0.16 o 0.15
4-Methyiheptane 000 005 0.00 0.00 000 0.00 0.00 0.00
1-Methyicycicherene. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3-Methyheptane 010 0.10 0.00 0.00 0.92 0.14 019 0.13
©1,3-Dimethyicyciohexane 0.08 008 0.00 0.00 0.10 0.12 013 0.05
#1,4-Dimetyicyciohexane 000 005 000 0.00 0.00 0.00 000 0.00
22,5 Trimethyhexsns 048 0.50 034 033 0.99 1.04 206 445
1-Octene 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 021
Octane 016 018 0.02 0.0 017 020 022 0.11
©-1.47-1.3-Dimethytcyciohexane. 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
©-2-Octene 0.00 0.00 000 0.00 0.00 0.00 0.00 0.10
Ethybenzene 014 0.10 013 0.17 012 008 0.10 0.16
mip-Nylene 0.20 018 ¢15 038 022 018 021 0.30
Styrene 430 49 322 422 373 220 234 605
o-Xylene 007 007 006 013 0.09 0.06 0.07 01
Nonane 010 010 0.00 0.00 0.08 0.07 0.08 010
wo-Propybenzenc 0.00 001 0.00 000 0.00 0.00 0.00 0.00
3.6-Dimethyloctane 0.00 0.00 000 000 0.00 0.00 0.00 0.00
n-PropyRanzens 0.00 0.00 Q.45 005 0.05 0.00 0.00 0.09
3-Etryoluene: 0.05 005 0 Q17 0.05 0.03 0.04 007
003 0.02 0.02 008 0.04 0.02 002 0.05
1,3.5-Trimethylenzene 0.05 003 003 0.13 0.05 0.03 003 0.06
2-Etrohsene: 0.03 003 0.02 0.08 0.03 0.02 0.02 0.04
12.4-TrimetyRenzens 018 0.14 0.14 083 014 0.09 010 021
Decane 018 015 012 0.16 0.17 0.10 0.12 028
no-Butylbenzene 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00
0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
1.2,3-Trimethytenzene 0.07 006 005 .15 0.06 0.04 004 0.09
p-Cymene 0.00 012 0.00 0.00 000 0.00 0.00 018
1.2-Dichiorobenzene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 007
indane 0.00 002 600 0.00 000 0.00 0.00 0.00
1.3-Dietiyibenzene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 007
1. 4-Diethyibenzene 0.00 0.00 0.00 000 007 0.00 0.00 021
0.00 0.00 Q.00 0.00 0.00 0.00 0.00 0.09
1.2-Diethybentene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08
045 033 029 038 0.46 027 033 081
Naphthalene 027 0.00 021 0.00 115 0.00 047 158
Dodecane 057 073 058 057 1.77 072 088 197
Hexy®enzene 000 0.00 0.00 0.00 0.37 0.00 0.00 073
TOTAL vOC 63.66 50.25 42.71 41.89 48.48 21138 155.14 95,78

Sampie Volume (mL) 49700 492.00 49700 495.00 48900 49800 498.00 489.00
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Table A-24 |
Description | post-bum {18:23) postbum (16:23) post residus (16:34)  postbum kit blank
VOG CONCENTRATION (ygim3]  Convair Convair Convair WCHA  CCO208
Ci nd Location | background u:k%vs-na static biank
Propene 0. 06 114 030
Propane 0.00 0.00 0.00 077 000
Freon22 {Chiorodifluoromethane) 10.20 9.82 164 136 0.00
Propyne 0.00 0.00 0.00 0.00 0.00
0.95 0.92 075 073 0.08
Isobutana (2-Methylpropane) 017 017 0.00 038 0.33
Freon114 {1.2-Dichlocotetrafuroethant 023 0.22 22 023 027
1-Butene/2 Mettyipropene 0.31 0.28 1.82 461 0.09
1.3-Butadiene 0.00 0.00 0.00 0.00 0.00
Butane 0.81 073 0.37 070 0.07
-2-Butene 0.00 0.00 o1 0.14 0.00
2.2-Dimethyipropane. 0.00 0.00 0.00 0.00 0.00
¢-2-Butene 0.00 0.00 027 013 0.00
1-Pentene 0.00 0.00 0.18 0.36 0.00
Pentane 0.10 009 0.07 103 0.03
Isoprene (2-Methyl-1,3-Butadent) 0.13 on 0.12 0.38 0.00
t-2-Pertene 0.00 0.00 0.00 013 0.00
¢-2-Pentene 0.00 0.00 0.00 .00 0.00
Dichloromethane 585.47 571.80 8771 187 0.20
2.2-Dimethylutane 000 0.00 0.00 0.10 ¢00
Cyclopentane 000 0.00 0.00 0.10 0.00
2,3-Dimethytbutane 049 0.50 022 0.13 0.00
1-4-Methyl-2-Pentene. 0.00 0.00 0.00 0.00 0.00
2Z-Methylpentane 022 021 0.49 0.52 0.01
c-4-Methyl-2-Pentene 0.00 0.00 0.00 0.00 0.00
020 017 0.00 043 0.00
000 0. 0.14 037 0.00
023 0186 012 218 010
0.00 0.00 0.00 0.06 0.00
0.00 0.00 0.00 0.00 0.00
0.00 000 0.00 0.00 000
0.00 0.00 0.00 0.07 0.00
0.00 0.00 000 0.00 0.00
0.00 0.00 0.00 000 0.00
0.00 0.00 0.00 0.44 0.00
0.55 0.55 023 0.07 0.00
0.88 073 0.66 172 0.00
0.00 0.00 023 0.14 0.00
013 0.14 o1 2343 0.03
0.00 0.00 0.00 017 0.00
0.00 000 0.00 on 000
0.33 0.28 013 0.10 0.00
0.00 0.00 0.00 0.00 0.00
0.04 004 0.00 0.33 012
0.00 0.00 0.00 0.33 0.00
7.88 7.57 327 0.20 0.00
0.00 0.00 004 0.03 0.00
0.00 Q.00 003 037 0.00
0.00 000 0.08 0.11 0.00
0.00 000 0.00 .00 0.00
000 0.00 0.00 0.00 0.00
0.00 000 0.00 017 0.00
0.90 0.87 038 0.00 0.00
1.22 1.12 047 0.00 0.00
243 234 085 0.04 0.00
378 349 188 328 005
0.00 0.00 0.00 0.11 0.00
0.00 0.00 0.00 0.00 000
0.00 0.00 000 0.00 0.00
0.00 Q.00 0.00 011 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
107 1.06 0.42 0.00 000
0.00 0.00 0.00 024 000
0.02 0.01 002 029 0.00
0.00 000 0.00 0.00 0.00
0.00 0.00 000 0.00 0.00
0.07 0.07 0.07 024 0.00
018 0.13 0.19 078 004
248 1.81 122 0.00 000
007 0.05 0.06 025 0.00
0.00 0.00 0.05 0.48 000
0.00 0.00 0.00 004 0.00
000 0.00 0.00 009 000
000 000 003 022 c00
0.04 002 0.04 0.32 0.00
0.02 0.02 003 0.19 6.00
0.04 0.03 003 0.02 0.00
002 0.02 0.00 618 0.00
013 008 013 104 0.00
010 0.08 013 162 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.05 0.00
0.05 003 0.04 0.48 0.00
0.00 0.00 0.22 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.09 0.00
0.00 0.00 0.00 0.11 0.00
0.00 0.00 0.00 060 0.00
0.00 0.00 0.00 0.12 0.00
0.00 0.00 0.00 007 0.00
0.29 023 0.33 511 0.00
0.52 0.48 072 097 0.00
079 0.56 1.11 376 0.00
Hexyloenzens 0.00 0.00 0.37 2.40 0.00
TOTAL VOC 823.58 6506.97 408.68 83.91 1.40
Sampie Volume {mL) 489.00 513.00 489.00 489.00 504.00

CODONODOOODROO-00000D0000000
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