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ABBREVIATIONS

Unit Meaning

dscf dry standard cubic feet

dscmdry standard cubic meter

ft? cubic feet

g grams

gr grain (grain = 1/7000 1b)

gr/dsct grains per dry standard cubic feet; to convert

to mg/dscm, multiply by 2288.

inch Hg inches of mercury; a unit of pressure

L liter

1b pound

mg milligram

mg/dscm milligrams per dry standard cubic meter
mg/kg milligrams per kilogram of solid

ng nanograms

ng/dscm nanograms per dry standard cubic meter
ng/Nm’ nanograms per dry standard cubic meter

normalized to a seven volume percent oxygen
ppm parts per million by volume
psigpounds per square inch gauge pressure

scfmstandard cubic feet per minute (at 70°F and 29.92 in
Hg)

yd® cubic yard
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SUMMARY

Western Research Institute (WRI) performed monitoring
of selected emissions for Entech, Inc., on a TOS-80 Model
incinerator in Anchorage, Alaska. Nine test burns were
monitored from April 20 to May 8, 1993. Materials burned
included municipal solid waste, tires, medical waste,
railroad ties, used o0il and auto fluff. Particulates,
hydrogen chloride, and organics in metals emissions were
measured from the stack exhaust gases for each burn. WRI
used procedures described in 40 CFR Part 60, Appendix A,
Methods 1 and 5 for particulate emissions; 40 CFR Part 60,
Appendix A, Method 23 for organic emissions; 40 CFR Part
266, Appendix IX for metals emissions; and the Puget Sound
Air Pollution Control Agency ©procedure for hydrogen
chloride (HCl) emissions. EPA's Toxicity Characteristic
Leaching Procedure (TCLP, 40 CFR Part 261, Appendix 2) was

conducted on samples of the residual ash from each burn.

Particulate and HCl emissions were monitored using one
impinger sampling train. Particulate emissions, corrected
to a 12% carbon dioxide (CO,) basis, were less than the 0.08

g/dscf 1limit set by the state of Alaska. One exception

occurred during the early part of burn 1, when the

operator's experiment with system capabilities resulted in

visible emissions of black, particulate-laden smoke form

the stack. Particulate emissions from most burns were

<0.02 gr/dscf. The HCl emission factor calculated from the
medical waste burn was 0.0052 1lb per lb medical waste. HCl

emissions for all burns ranged from 4 ppm to 140 ppm.

Samples of the stack gas for metals emissions
determination were collected in an EPA-designated impinger

sampling train. Up to 0.9 ng/dscm of lead and up to 0.16

ng/dscm of cadmium were detected in samples of the stack
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gases from burns 2, 6, and 9. Ash from burns 2, 5/6, and 9

had higher than normal concentrations of these two metals.
Ash from burn 6 failed the TCLP test for lead and burn 9
auto fluff failed the TCLP test for cadmium. Ash from burn
2 passed the TCLP test for both of these metals.

The high stack temperatures >1700°F (927°C) experienced

during the tests caused decomposition of some metal parts

on the sampling probes. This decomposition is believed to

contribute to the moderate concentrations of chrome and

nickel detected in impinger and acetone wash solutions.

Zinc was found in gaseous emissions from all burns (up to 2

ng/dscm) .

Organic emissions were measured with an impinger
sampling train containing an XAD-2 resin trap. The high

dioxin and furan levels were barely distinguishable from

the field blank for most burns. Benzoic acid and

phthalates were measured in some samples. Benzoic acid is
believed to originate from products of decomposition of the
XAD-2 resin used to trap organics. The phthalates are
common in plastic materials and may be due to laboratory

and field contamination.
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INTRODUCTION

Entech, 1Inc., retained Western Research Institute
(WRI) to measure emissions from their Model TOS-80 thermal
oxidation demonstration plant located at Anchorage, Alaska.
The system, which has a nominal capacity of 28 tons per day
of municipal solid waste (MSW), consisted of a primary
combustion/pyrolysis chamber where the waste was batch-
loaded onto a grate. The MSW was loaded through the top of
the primary chamber using conveyors without preparation
other than a manual sort to remove large pieces such as
wire rope. The contents of the primary chamber were
ignited using natural gas as fuel.

Once combustion was under way, the primary chamber was
operated in an air-starved mode. The gases given off were
incinerated in a secondary combustion chamber, which has
provision for natural gas addition to maintain temperature.
When the pyrolysis was near completion, the primary chamber
was operated in an excess-air mode to incinerate the
residual char. Much of the ash fell through the grate and
was removed manually after burn completion. A typical
burn excluding ash cooldown lasted about 12 to 14 hours.
The ash could also have been allowed to accumulate between
burns, and then removed after a series of burns. This was
done for burns 5 and 6.

A total of nine burns were completed during this test
series. The burns were performed on alternate days
starting on April 20 and ending on May 8, 1993. A listing
of the burns is in Table 1. For each burn, WRI completed
three particulate emission measurements (denoted
particulate A, B, and C), three HCl emission measurements,
one metals/mercury measurement, and one organic
measurement. Results of emission measurements are
presented in Appendix A.

Particulate A was collected near the start of the
burn; sampling about 15 minutes after the start of
combustion in the primary chamber. Particulate B was
collected near mid burn; beginning about 3 to 4 hours after
the start of combustion in the primary chamber.
Particulate C was collected approximately 8 hours after the
start of combustion in the primary chamber. The times of
sampling are noted on the data sheets (Appendix B).
Following the burn, samples of the ash were collected for
the U.S. Environmental Protection Agency's (EPA) Toxicity



Characteristic Leaching Procedure tests after the remaining
ash cooled.



Table 1. Entech Test Burn Statistics

Burn Date Description of Amount, Natural Gas Ash,
Materials Consumed 1b Used, ft’ yd’®

1 4/20 18 yd’ of MSW 6600 2750 1.8

2 4/22 16.5 yd® MSW, 4 yd’ tires, oil 6400 3900 1.0
waste

3 4/24 10.4 yd® medical waste, red 629 880 1.5
bags in 7 cardboard boxes

4 4/26 23 Auto tires, 2 truck tires, 461 1210 0.5
whole

4/28 18 yd’® of MSW, 200 1lb wooden 6800 2240 1.5

5 pallets

6 4/30 16.5 yd® MSW, 3.7 yd’ auto 7642 2400 0.5
tires, 5.2 yd’ medical waste,
20 1lb cardboard

7 5/4 4.5 yd’ auto fluff 2450 1400 0.75

8 5/6 10 gal used oil, 3.5 yd® of 3080 1100 0.25
creosote-soaked railroad ties

9 5/8 7.2 yd® auto fluff 3975 1480 1.25

Notes: Information in Table 1 provided to WRI by Entech; MSW = municipal solid

waste, yd’ = cubic yards. Weights and cubic yard volumes are approximate.



PROCEDURES

Entech System Description

The wastes are

The secondary combustion chamber has six burners where
natural gas can be introduced. The secondary combustion
chamber is a horizontal cylinder that is 4-ft in diameter
and 15-ft 1lond. The lenath of

There are also five gas sensors for measuring oxygen,
carbon monoxide, and sulfur dioxide. These sensors were
linked to the data acquisition system. The gas sensors are
listed below:

Primary off-gas, Thermox oxygen analyzer
Primary off-gas, Thermox carbon monoxide analyzer



Secondary stack gas, Anarad oxygen analyzer

Secondary stack gas, Anarad sulfur dioxide analyzer
Secondary stack gas, carbon monoxide analyzer
(Infrared, IR, nondispersive)

Entech, also had a portable Anarad, nondispersive IR
carbon dioxide analyzer that was not connected to the data

acquisition system.

Oxygen and Carbon Dioxide Measurements

The data that  WRI was contracted to measure
(particulates, metals, HCl, and organics emissions) were
corrected to a 7% oxygen or 12% carbon dioxide basis, as
required by EPA protocols. The original plan was to obtain
these measurements from Entech's data acquisition system.
An independent tester (Am Test) was to certify that the
data acquisition system was reading correctly for one of
the burns.

The Anarad stack flue gas delivery system failed
during the first burn. The Anarad technician was unable to
put his system on line to provide reliable readings for any
of the subsequent burns. WRI used its Enerac 2000 analyzer
to provide supplemental stack gas readings. The oxygen
measurement from the WRI Enerac 2000 analyzer agreed with
the measurement from the Anarad oxygen analyzer before
failure of the Anarad sampling line. WRI continued to take
Enerac 2000 analyzer readings for burns 2 and 3. The
Enerac 2000 analyzer also measured carbon monoxide, NO,, and
it has functions for calculating carbon dioxide.

WRI borrowed a portable Teledyne instrument owned by
Entech to measure oxygen and carbon monoxide starting with
burn 2. This instrument was used for all subsequent burns.
The Teledyne instrument has electrochemical sensors and has
an internal program for calibrating these sensors. WRI
used the following procedure for the Enerac 2000 and
Teledyne instrument: (1) check readings in ambient air to
verify the instrument accuracy, (2) sample the stack gases
for about five minutes, (3) remove the sampling probe, (4)
and sample the ambient air.

The Enerac 2000 analyzer oxygen sensor failed after
the third burn. WRI continued to use that instrument for
carbon monoxide and NO, measurements.



The independent stack tester (Am Test) monitored three
burns (6, 8, and 9) for oxygen, carbon monoxide, and sulfur
dioxide. Their results are recorded in a separate document
by Entech (1993).

WRI borrowed the Anarad carbon dioxide analyzer for

stack gas measurements for burns 7 and 8. A calibration
gas (15.3% carbon dioxide in nitrogen) was used to check
the instrument readings. The flue gas was sampled at the

same location as the particulate sampling train.



WRI Procedures

WRI followed the procedures for isokinetic sampling
listed in 40 CFR 60, Appendix A, Methods 1 and 5, and
organic sampling, Method 23. Procedure 40 CFR 266
Appendix IX Section 3 was followed for metals/mercury
sampling. Procedure 40 CFR 261, Appendix II, Method 1311
was followed for Toxicity Characteristic Leaching Procedure
testing of the ash.

Procedure 40 CFR Part 60, Appendix A, Method 26
provides for separate measurement of hydrogen chloride.
However, the burn scheduling and the requirement that a
number of other parameters also be measured preclude using
another sampling train for hydrogen chloride. The
particulate sampling train was modified to incorporate a
fifth impinger according to a procedure adapted by the
Puget Sound Air Pollution Control Agency (1983 and 1988;
listen in Appendix C). This procedure allows collection of
both front-half and back-half particulates as well as
collection of hydrogen chloride in the same sampling train.
The procedures were sent to WRI courtesy of Fred Austin,
(206) 343-8800, Puget Sound Air Pollution Control Agency,

Seattle, Washington. The extra impinger contained a weak
solution of sodium carbonate/bicarbonate in deionized-
distilled water. The impinger solutions were analyzed for

chlorides by ion chromatography following EPA Method 300.

Details of WRI procedures and data analysis are
presented in Appendix A of this report.

Special Problems Created By High Stack Temperatures

Stack temperatures were measured at 10 ft below the
top of the stack by a thermocouple connected directly to a
temperature reader. These temperatures varied from about
1400°F to greater than 2000°F. Most temperatures were near

1700°F. These high temperatures created special problems.
The EPA procedures (40 CFR 60, Appendix A, Methods 1 and 5)
call for Teflon ferrules connecting the quartz liner to the
nozzle assembly. However, because Teflon would have melted
at these temperatures, heat-resistant graphite tape was
used to seal the probe.

Stack velocities were approximately 12-ft per second
for most burns. For all burns, a 0.5-inch diameter nozzle
was used. Entech had purchased one stainless-steel nozzle,



two quartz liner inserts for the probes, and two stainless-
steel probes. WRI provided two Inconel nozzles, a quartz
liner, and a stainless-steel probe. All of the organic
samples were collected with the WRI equipment. The high
temperatures softened the stainless-steel nozzle. This
caused the stainless steel to flake, and the nozzle was
retired from service. One of the two Entech-supplied
stainless-steel ©probes softened enough that it bowed
slightly and cracked the quartz liner. This happened
during burn 7, particulate sample C. Therefore, there is no
particulate data for 7C.

WRI had concerns that the probe nozzle or graphite
seal might flake, resulting in high apparent particulates
in the acetone wash. To correct for this, a nozzle blank
was prepared. This consisted of cleaning the probe,
nozzle, and quartz liner with acetone and brushes. The
probe and nozzle were then placed in the stack for 30

minutes at 1700°F without drawing any gases. The probes
were removed from the stack and allowed to cool. After
cooling, the nozzle was rinsed with acetone without using
any brushes. This acetone rinse was called the nozzle
blank. Despite this, WRI believes that the acetone washes
include some particulates from the probe nozzle or graphite
seal rather than from the stack gases.

The stainless steel pitot tube attached to the sample
probe was not used because of the high temperatures.
Instead, WRI used a standard pitot tube that was inserted
into the stack only long enough to take an impact pressure

reading. The pitot +tube was connected to a separate
inclined manometer rather than to the manometers that came
with the Andersen stack sampler equipment. This setup was

required because the pitot tube readings were on the order
of 0.01 inches of water, and the manometer supplied with
the Andersen equipment could not be read accurately for
these low values.

The stainless steel probe for the Teledyne instrument
also softened and deformed because of the heat.
RESULTS

Stack Gas Flow Rate




The stack gas velocity from the secondary combustion
chamber was calculated from pitot tube measurements, the
gas temperature, the gas pressure, and average gas
molecular weight. A sample calculation is presented in
Appendix A. The average molecular weight was calculated
from the gas composition (Appendix A, Table A3). From the
stack gas velocity, the stack gas flow rate was calculated
using the cross sectional area (7.068 square feet). The
actual gas flow rate was then corrected to standard

conditions of 29.92 inch Hg and 68°F (20°C).

The results in Table 2 represent average conditions
during the emissions sampling event. The times of
measurement are noted on the data sheets (Appendix B).
Particulate sample A was collected near the start of the
burn, particulate sample



B at approximately mid burn, and particulate sample C near
the end of the burn. Organics sampling spanned a period of
time from about 1.5 hours into the burn through mid burn.

Metals

10

Table 2. Stack Gas Flow Rates
Burn Sample Stack Actual Cubic Standard Cubic
Velocity, Feet Per Feet Per Minute,
ft/s Minute scfm
1 A 17.7 7513 1778
B 15.5 6559 1550
C 24.0 10,184 2340
organics 18.0 7632 1752
metals 16.3 6932 1599
2 A 14.0 5936 1449
B 12.1 5113 1302
C 12.4 5238 1310
organics 12.6 5338 1311
metals 12.1 5126 1276
3 A 14.1 5995 1419
B 13.5 5707 1372
C 13.6 5783 1383
organics 13.4 5682 1363
metals 13.0 5495 1314
4 A 13.0 5512 1316
B 13.9 5908 1434
C 10.3 4385 1101
organics 13.5 5726 1367
metals 10.9 4622 1143
5 A 11.7 4959 1287
B 12.4 5255 1251
C 12.4 5275 1261
organics 11.9 5046 1221
metals 13.2 5604 1335
Burn Sample Stack Actual Cubic Standard Cubic
Velocity, Feet Per Feet Per Minute,
ft/s Minute scfm
6 A 14.8 6265 1426




B 11.2 4740 1153

C 10.4 4427 1084

6 organics 11.2 4756 1158
metals 15.1 6390 1461

7 A 10.5 4455 1227
B 10.4 4419 1097

C 9.9 4189 1048
organics 10.3 4348 1100
metals 10.0 4225 1062

8 A 11.5 4899 1246
B 12.1 5147 1220

C 12.1 5117 1207
organics 11.9 5063 1203
metals 12.1 5135 1208

9 A 11.5 4859 1244
B 11.5 4876 1237

C 11.1 4685 1182
organics 11.8 5007 1256
metals 11.1 4698 1182

Note: The numbers listed above for velocity have been rounded,
but calculations were carried to additional significant
figures. This is the reason why there are minor
variations in gas flow rate for the same listed velocity.

sampling occurred near mid burn, when the temperatures in
the primary combustion chamber approached their highest
values. For one test, metals were sampled near the start
of the burn to catch any mercury emissions.

11



The stack gas flow rates are necessary to calculate
the total amount of emissions and other emission factors
such as the weight of pollutants emitted per unit weight of
waste burned.

The stack gas flow rates for most test burns were in
the range of 1100 to 1400 scfm minute. A notable exception
was burn 1 (Table 2), where higher stack gas flows were
measured because additional air was delivered to the
primary combustion chamber near the end of the burn. The
calculated stack gas flow rate during burn 1, particulate C
measurement is 2340 scfm per minute.

Comparison of Am Test Oxygen Measurements with WRI
Measurements

Entech retained Am Test to independently measure the
stack gases for oxygen, carbon monoxide, and sulfur
dioxide; this was done for burns 6, 8, and 9. The original
purpose of the Am Test measurements was to certify the
Anarad sensors. However, the Anarad system was inoperative
because of problems in the gas delivery hardware that
conveyed flue gas to the Anarad instruments. The results
of the Am Test measurements were made available to WRI.
WRI measured oxygen and carbon monoxide using an Entech-
furnished Teledyne instrument. WRI averaged the oxygen
measurements taken over the sampling period and compared
the Am Test averages with the Teledyne instrument averages
(Table 3). The WRI averages for other burns are listed in
Appendix A (Table A2).

The averages of the oxygen concentrations measured by
the Teledyne instrument are higher than the Am Test values,
except for two samples during burn 6. The raw data for
both sets show considerable variations in oxygen
concentration over the test period. WRI believes that part
of the difference between the two values is because of the
sampling intervals at which oxygen readings are taken. The
Am Test data were taken at one-minute intervals, but there
were some gaps in the data record that correspond to the
periods during which WRI was taking data. Typically, WRI
generally took readings with the Teledyne instrument only
once during a traverse position at 10-, 12-, 13-, or 20-

minute intervals, depending wupon the sample. Some
supplemental oxygen readings were also taken at irregular
intervals. The differences in sampling interval will

12



naturally produce differing oxygen concentration averages
between the instruments.

However, this does not explain why the Teledyne oxygen
averages are higher for most data sets. Part of the answer
may be because the Teledyne samples were taken at the same
locations as the particulate samples (10-ft from the stack

13



Table 3. Comparison of Average Am Test Measurements with
WRI Measurements for Oxygen

Burn Sample Am Test % O, Teledyne % O,

6 A 5.76 7.58
B 7.14 5.36

C no data; near 9% at start 9.74

of C

organics 6.46 5.95
metals 5.64 7.84

8 A 6.48 7.9
B 6.02 10.1

C 6.37 9.9

organics 5.51 10.4
metals 6.19 8.1

9 A 5.04 5.88
B 4.85 6.20

C 7.66 9.87

organics 5.72 7.07
metals 7.08 7.43

exit), and the Am Test samples were taken at a location
closer to the secondary combustion chamber (about 30-ft
from the stack top, or 10-ft above the secondary combustion
chamber).

WRI removed the Teledyne probe after each reading for

burns 6, 8, and 9. This was done to see whether a 20.8 *
0.5% oxygen reading was obtained when sampling atmospheric
oxygen. There are also some gaps in the WRI data when the

Teledyne instrument was in a calibration mode, or when the
sample pump delivered insufficient gas flow.

The Teledyne instrument has an electrochemical sensor
for measuring carbon monoxide. The carbon monoxide data
were recorded by WRI on data sheets (Appendix B). Carbon
monoxide was also measured and recorded using the Enerac
2000 electrochemical sensor. These data were compared with
the measurements Am Test took using a nondispersive
infrared instruments.

14



In general, the Enerac 2000 and Teledyne readings
agreed with each other. All three instruments generally
picked up occasional higher excursions (>20 ppm of CO).
During normal conditions, the Am Test instrument showed
less than 1 ppm of carbon monoxide, whereas, the electronic
sensors picked up several parts per million of carbon
monoxide.

WRI experienced a similar situation while testing a
prototype Entech wunit in Laramie, Wyoming. A rented
nondispersive infrared carbon monoxide sensor gave readings
less than 1 ppm, but the electrochemical sensor read
several parts per million. Both instruments checked out
with a 100 ppm calibration gas and with a =zero carbon
monoxide gas.

NO5 Measurements

The WRI-owned Enerac 2000 instrument has an

electrochemical sensor for measuring NO, (Table 4). These
were recorded at irregular intervals for burns 1, 2, 3, and
4. No field calibration gas was used to check the

instrument other than to check to see that a zero reading
was obtained in atmospheric air.

Front-Half Particulates

Front-half particulates are those particulates
collected on the filter, cyclone flask, probes, nozzles,
and glassware up to the filter. Except for the filter,

these particulates are removed from the sampling equipment
by an acetone wash according to EPA protocols (40 CFR Part

60, Appendix A, Method 5). The solid material collected by
this acetone wash 1is recognized by EPA and most state
agencies as total particulates. The particulates are

corrected to a 7% oxygen or 12% carbon dioxide basis,
depending upon the state agency. The Alaska state agency
permit is understood to be written around a 12% carbon
dioxide basis (must be <0.08 gr/dscf), but newer federal
regulations for large (>250 ton per day) MSW incinerators

are written around a 7% oxygen basis. The sampling must be
done isokinetically, which EPA defines as between 90% and
110% of isokinetic. WRI believes that the error generated

by not sampling isokinetically is minimal because the
particulates collected are very small and behave as a gas.
No visible particulates were deposited in any of the

15



cyclone flasks. Table 5 was constructed from the raw data
in Appendices A and B.

Back-Half Particulates

Back-half particulates are those solids collected in
the glassware after the filter and in the impingers. These
solids were analyzed according to procedures provided to
WRI by the Puget Sound Air Pollution Control Agency. They
are not part of the particulate sample required by the
state of Alaska as far as WRI is aware. However, some
states do require this back-half particulates. The back-
half particulates consist of the residual solids remaining
after the acetone wash of the glassware downstream of the
filter in addition to the suspended solids in the impinger
solutions. Table 6 was constructed from the raw data
presented in Appendices A and B.

Table 4. Enerac 2000 NO, Readings

Burn Time NO,, ppm

1 12:06 105

16



07:19 71
07:55 138
08:43 177
09:14 109
10:48 60
11:35 47
12:04 30
14:43 53
15:24 57
16:30 60
08:45 64
09:46 66
10:57 68
12:30 62
16:00 42
16:40 47
07:17 71
08:17 87
08:20 89
08:45 141
09:40 161
09:47 171
10:00 67
15:16 15

17




Table 5. Front-Half Particulates Corrected to a 7% 0, or 12% CO, Basis

Burn Sample % 0, % CO, % Part. @ 7% O,, Part. @ 7% O,, Part. @ 12%
Isokinetic gr/dscf mg/dscm CO,, gr/dscf
1 A 8.8 9.5 90.2 0.57 1310 0.63
B 8.8 9.5 104 <0.001 <2 <0.001
C 12.0 6.3 91 0.028 63 0.034
2 A 3.0 13.2 124 0.018 41 0.021
B 4.0 12.6 122 0.009 20 0.010
C 8.9 10.4 101 0.005 10.5 0.005
3 A 4.4 12.2 107 0.009 20.1 0.010
B 8.3 9.4 109.8 0.017 40 0.020
C 7.2 10.3 102 <0.005 <10 <0.005
4 A 5.1 12.7 104 0.012 26.7 0.013
B 7.4 10.9 105 0.019 42.4 0.020
C 13.0 6.0 95 0.038 86.9 0.043
5 A 9.7 8.2 105 0.032 73.7 0.038
B 6.3 10.8 97 0.007 15.1 0.008
5 C 8.3 9.0 93 0.013 29.2 0.015
6 A 7.6T 9.7 112 0.018 42.0 0.022
A 5.8Am XXXXX 112 0.016 37.0 XXXX
B 5.4T 11.6 102 0.010 22.5 0.011
B 7.1Am XXXXX 102 0.011 25.4 XXXX
C 9.7T 7.6 114 0.014 30.9 0.013
7 A 9.97 7.0 103 0.037 85.4 0.051
B 8.1T 9.4 103 0.006 12.7 0.0065
8 A 7.9T 10.4 110 <0.0005 <1l <0.0005
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Table 5. Front-Half Particulates Corrected to a 7% 0, or 12% CO, Basis (continued)

Burn Sample $ 0, $ COo, % Isokinetic Part. @ 7% Part. @ 7% Part. @ 12%
0,, gr/dscf 0,, mg/dscm CO,, gr/dscf
A 6.5Am XXXX 110 <0.0005 <1 XXXX
B 10.1T 8.3 105 0.015 34.2 0.017
B 6.0Am XXXX 105 0.011 24.8 XXXX
C 9.6T 8.7 97 0.004 9.9 0.005
C 6.4Am XXXX 97 0.003 7.8 XXXX
9 A 5.9T 11.2 107 0.005 11.0 0.006
A 5.0Am XXXX 107 0.005 10.4 XXXX
B 6.2T 11.0 105 0.019 44,2 0.022
B 4.9Am XXXX 105 0.018 40.7 XXXX
C 9.9T7 8.4 101 0.001 2.8 0.003
C 7 .8Am XXXX 101 0.001 2.3 XXXX
Note: gr/dscf = grains per dry standard cubic feet; mg/dscm = milligrams per dry standard

cubic meter. To convert from gr/dscf to mg/dscm, multiply by 2289. There is no
particulate 7C because of a broken quartz liner. Duplicate readings for particulates
for burns 6, 8, and 9 represent calculations based on different oxygen measuring
instruments (T = Teledyne, Am = Am Test).
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Table 6. Back-Half Particulates Corrected to a 7% 0, or 12% CO, Basis
Burn Sample % 0, $ Co, % Part. @ 7% O,, Part. @ 7% O,, Part. @ 12%
Isokinetic gr/dscf mg/dscm CO,, gr/dscf
1 A 8.8 9.5 90.2 0.042 96.8 0.047
B 8.8 9.5 104 0.0057 13.1 0.006
C 12.0 6.3 91 0.015 34.1 0.018
2 A 3.0 13.2 124 0.0005 1.2 0.0006
B 4.0 12.6 122 0.002 5.3 0.003
C 8.9 10.4 101 0.007 16.6 0.007
3 A 4.4 12.2 107 0.005 11.0 0.006
B 8.3 9.4 109.8 0.006 11.0 0.006
C 7.2 10.3 102 0.002 4.5 0.002
4 A 5.1 12.7 104 0.003 7.4 0.003
B 7.4 10.9 105 0.016 35.6 0.017
C 13.0 6.0 95 0.024 55.6 0.027
5 A 9.7 8.2 105 0.009 21.1 0.011
B 6.3 10.8 97 0.005 11.3 0.006
C 8.3 9.0 93 0.009 21.4 0.009
6 A 7.6T 9.7 112 0.011 25.9 0.013
A XXXX 112 0.010 22.8 XXXX
5.8Am
B 5.4T 11.6 102 0.009 19.6 0.010
6 B XXXX 102 0.010 22.1 XXXX
7.1Am
C 9.7T 7.6 114 0.013 22.9 0.017
7 A 9.9T 7.0 103 0.012 28.1 0.017
Table 6. Back-Half Particulates Corrected to a 7% 0, or 12% CO, Basis (continued)
Burn Sample % 0, $ CO, % Part. @ 7% O,, Part. @ 7% O,, Part. @ 12%

isokinetic

gr/dscf

mg/dscm

CO,, gr/dscf
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B 8.1T 9.4 103 0.005 12.7 0.005
8 A 7.9T 10.4 110 0.020 45.6 0.021
A 6.5Am XXXX 110 0.017 39.7 XXXX
B 10.1T 8.3 105 0.008 17.4 0.009
B 6.0Am XXXX 105 0.006 12.7 XXXX
C 9.6T 8.7 97 0.004 9.9 0.007
C 6.4Am XXXX 97 0.006 14.1 XXXX
9 A 5.9T7 11.2 107 0.005 13.5 0.007
A 5.0Am XXXX 107 0.005 12.8 XXXX
B 6.2T 11.0 105 0.004 9.9 0.005
B 4.9Am XXXX 105 0.004 9.1 XXXX
C C 9.9T 8.4 101 0.002 5.0 0.002
Notes: gr/dscf = grains per dry standard cubic feet; mg/dscm = milligrams per dry

standard cubic meter.

2289. There 1is
Duplicate readings for
calculations based on
Teledyne, Am Am Test).
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Hydrogen Chloride Emissions

Hydrogen chloride is generated as the result of combustion of wastes that
contain chlorine (e.g., plastics). Hydrogen chloride is absorbed by water vapor in
the air to form hydrochloric acid. Table 7 was constructed from Appendix A Table

A7.
Table 7. Hydrogen Chloride Emissions
Burn Sample Percent O, ppm HCl, as ppm HCl @
Measured 7% Oxygen
1 A 8.8 50.0 57.4
B 8.8 61.5 70.6
C 12.0 55.3 35.6
2 A 3.0 101.6 78.6
B 4.0 18.3 14.9
C 8.9 26.8 30.9
3 A 4.4 66.8 56.4
B 8.3 6.8 7.6
C 7.2 31.8 32.6
4 A 5.1 68.5 60.4
B 7.4 6.0 6.2
C 13.0 12.7 22.2
5 A 9.7 63.5 78.7
B 6.3 11.4 10.8
C 8.3 19.5 21.5
6 A 7.6T 44.7 46.7
A 5.8Am 44.7 41.7
B 5.4T 15.6 13.9
B 7.1Am 15.6 15.7
C 9.7T 10.5 13.0
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7 A 9.9T 81.2 102.4

B 8.1T 9.5 10.3

C 9.0T 17.7 20.5

Table 7. Hydrogen Chloride Emissions (continued)
Burn Sample Percent O, ppm HCl1l as ppm HCl1l @
Measured 7% Oxygen

8 A 7.9T 67.4 72.5

8 A 6.5Am 67.4 62.7

B 10.17T 4.2 5.4

B 6.0Am 4.2 3.9

C 9.6T 6.0 7.3

C 6.4Am 6.0 5.7

9 A 5.9T 139.9 129.3

A 5.0Am 139.9 122.3

B 6.2T 4.8 4.5

B 4.9Am 4.8 4.2

C 9.9T 48.3 62.1

C 7 .8Am 48.3 50.5

Notes: Duplicate readings for HC1l for burns 6, 8, and 9 represent calculations based on

different oxygen measuring instrumentation (T = Teledyne, Am = Am Test).

Metals Emissions
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Metals emissions were measured isokinetically using an impinger sampling train
according to 40 CFR Part 266, Appendix IX, Section 3. Results from the analyses of
the impinger and rinse solutions are presented as measured in Table 8 and corrected
to a 7% oxygen basis in Table 9. Concentrations of antimony, arsenic, beryllium and
thallium were below the analytical detection limits for all burns. Metals having
the highest concentration were lead (0.011 to 0.935 mg/dscm), nickel (0.012 to 0.983
mg/dscm), and zinc (0.108 to 1.974 mg/dscm). Mercury was present in emissions from
the MSW and auto fluff burns but was absent from the tire, medical waste, and
railroad tie burn emissions. Burns 6 and 9 had higher-than-average cadmium and lead
emissions.

Table 8. Metal Emissions as Measured (uncorrected for % 0,), mg/dscm
Burn 1 2 3 4 5 6 7 8 9
Sb <0.02 <0.03 <0.02 <0.03 <0.03 0.052 <0.03 <0.03 <0.03
As <0.25 <0.25 <0.25 <0.3 <0.25 <0.25 <0.3 <0.3 <0.3
Be <0.0005 <0.0005 <0.0005 <0.0006 <0.0005 <0.0005 <0.0005 <0.0006 <0.0005
Ccd 0.0022 0.152 0.0036 0.0028 0.0211 0.1614 0.0158 0.0119 0.0825
Cr <0.001 0.047 0.022 0.0278 0.114 0.0333 0.00523 0.035 0.0118
Pb 0.037 0.935 0.0205 0.011 0.149 0.726 0.1853 0.1383 0.616
Mn <0.01 0.016 0.10 0.149 0.0416 0.0371 0.0638 0.0763 0.0373
Hg 0.0123 0.134 <0.001 <0.001 0.1233 0.1985 0.0658 0.002 0.1175
Ni 0.012 0.069 0.518 0.456 0.3682 0.2755 0.290 0.983 0.2757
Tl <0.01 <0.01 <0.01 <0.014 <0.013 <0.013 <0.013 <0.013 <0.013
Zn 0.9 0.718 0.108 0.1826 0.899 1.974 1.4914 1.3742 1.6375
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Table 9.

Metal Emissions Corrected to a 7%

Oxygen Basis,

mg/dscm

Burn 1 2 3 4 5 6

% 0, 8.7 6.8 7.8 10.3 7.8 7.84T
Sb <0.02 <0.02 <0.02 <0.04 <0.03 0.055
As <0.3 <0.25 <0.3 <0.04 <0.3 <0.3

Be <0.0006 <0.0005 <0.0005 <0.0007 <0.0005 <0.0005
Ccd 0.0025 0.15 0.0038 0.0037 0.022 0.172
Cr <0.001 0.046 0.023 0.036 0.121 0.035
Pb 0.042 0.922 0.022 0.014 0.158 0.772
Mn <0.01 0.016 0.11 0.206 0.044 0.039
Hg 0.014 0.132 <0.001 <0.001 0.131 0.211
Ni 0.014 0.068 0.55 0.60 0.39 0.29

Tl <0.01 <0.01 <0.01 <0.02 <0.02 <0.02
Zn 1.0 0.7 0.115 0.252 0.955 2.10

Burn 6 7 8 8 9 9

% 0, 5.64Am 9.2T 8.1T 6.19Am 7.43T 7 .08Am
Sb 0.047 <0.04 <0.03 <0.03 <0.03 <0.03
As <0.2 <0.4 <0.3 <0.3 <0.3 <0.3

Be <0.0005 <0.0006 <0.0005 <0.0005 <0.0005 <0.0005
Ccd 0.148 0.019 0.013 0.011 0.085 0.083
Cr 0.030 0.006 0.038 0.033 0.012 0.012
Pb 0.662 0.220 0.150 0.131 0.636 0.616
Mn 0.034 0.075 0.083 0.072 0.038 0.037
Hg 0.181 0.078 0.002 0.002 0.121 0.118
Ni 0.25 0.34 1.07 0.93 0.028 0.28

Tl <0.01 <0.02 <0.02 <0.01 <0.01 <0.01
Zn 1.80 1.76 1.49 1.30 1.69 1.64
Notes: Two different oxygen measuring instruments were

used for burns 6, 8, 9; = Teledyne; Am Am Test

Certification.
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Organics Emissions

The organic samples, including filter, impinger
solutions, and XAD-2 resin trap, were refrigerated after
sample collection. They were shipped the morning after the
burns to Triangle Laboratories of Research Triangle Park,
Inc., Durham, North Carolina, for analysis. The samples
for the first four burns were accumulated and shipped as a
lot. The results were reported as total quantity of
organic species collected in units of picograms (pg) or
nanograms (ng). The total quantities were divided by the
total volume of gas sampled in dry standard cubic meters
(dscm) at standard conditions of 68° (20°C) and 1 atmosphere
(atm) of pressure. To comply with regulations, these
numbers were further corrected to a 7% oxygen basis. The
sampling time for each burn was exactly 4 hours. Stack gas
flow rates are listed in Table 2. Sample volumes in dscm
are listed below (see also Appendix A, Table Al):

Burn 1 - 2.0624
Burn 2 - 1.6730
Burn 3 - 1.7342
Burn 4 - 1.5147
Burn 5 - 1.2930
Burn 6 - 1.3060
Burn 7 - 1.4575
Burn 8 - 1.5470
Burn 9 - 1.5221

Organic concentrations are listed in Tables 10,11, 12,
and 13. Table 10 lists dioxins/furans concentrations in
nanograms per dry standard cubic meter for burns 1 through
9 and nanograms for the field blank. The field blank was
prepared by preparing the sampling equipment as if for a
run, but no sample was drawn. Except for burn 1, the
concentrations of dioxins/furans were similar to the field
blank. Table 11 1lists the corrected concentrations of
dioxins/furans concentrations to a 7% oxygen basis.
Detection 1limits listed and data summary sheets, as
received from Triangle Laboratories, are in Appendix D.

The results of the semivolatile analyses (EPA Method
8270) are listed in Table 12. Additional compounds
measured but not detected are listed in Appendix D.
Naphthalene, phenol, acenaphthene, and fluorene were also
detected in a number of samples, especially the sample from
burn 9.
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Polychlorinated biphenyl concentrations are listed in
Table 13. In this report, polychlorinated biphenyls
include mono-, di-, and trichlorinated biphenyl. EMPC
means estimated maximum possible concentration, and include
the sum of all EMPC. Actual concentrations are probably
much lower.
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Toxicity Characteristic Leaching Procedure Tests on Ash

After cooling, the ash from each burn was collected
and shipped to WRI for EPA's Toxicity Characteristic
Leaching Procedure Tests (40 CFR Part 261, Appendix 1II,
Method 1311, as revised in March 29, 1990, and June 29,
1990, Federal Register. The laboratory data from TCLP
Tests on the ash samples are presented in Appendix E.

The ash from burn 5 was not removed from the primary
chamber until burn 6 was completed; therefore, a combined
sample (5/6) was collected and analyzed. The ash from burn
8 was segregated. Sample 8T contained ash from the top of
the ash pile where mostly oil/tar was burned, whereas
sample B contained ash taken near the bottom where mostly
railroad ties were burned.

EPA protocol requires that 5 grams of ash be slurried
with 96.5 mL deionized-distilled water and shaken for 10

minutes. The pH is measured. Hydrochloric acid (3.5 mL of
1 N HCl) is added to each sample. The acid slurries are
heated to 50°C (122°F) and held at that temperature for 10
minutes. After cooling to room temperature, the pH is
measured. If the pH is greater than 5, dilute acetic acid
(pH 2.8) 1is used as the extracting fluid. If the pH is

less than 5, dilute sodium acetate solution is used as the
extracting fluid.

Sample 8T was the only sample for which the sodium
acetate solution was used for leaching. All other sample
used dilute acetic acid.

The leachate solution was analyzed for EPA-listed
metals and semivolatile compounds. Pesticides and volatile
compounds were not analyzed because they were believed not
to be present. The results are in Tables 14, 15, and 16.

No semivolatiles were detected in any of the ash
samples (Table 16). Heavy metals were present in the ash
samples (Tables 14 and 15). The leachate for burn 5/6 ash
exceeded the 1limit for lead set by the Resources
Conservation and Recovery Act (RCRA) for a hazardous waste
for lead (Tables 14 and 15). The ash for burn 9 exceeded
the RCRA limit for cadmium.

WRI had some ©problems in obtaining a cadmium
determination for the sodium acetate method blank. Sodium
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acetate was used as the extracting fluid for sample 8T.
However, sample 8T did pass the RCRA-limit test for all
heavy metals.
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Table 10. Dioxins/Furans as Measured, ng/dscm
Burn Field 1 2 3 4 5 6 7 8 9
Blank
Total TCDD ND 3.01 ND 0.14 0.0067 ND ND ND ND ND
Total PeCDDD ND 3.01 ND 0.098 0.013 ND ND ND EMPC ND
(0.0051)
Total HxCDD 0.03 5.92 0.03 0.42 0.047 0.015 ND ND 0.0051 0.028
Total HpCDD 0.42 4.66 0.22 0.69 0.22 0.42 ND 0.23 0.11 0.13
OCDD 1.8 2.91 0.77 1.27 0.87 1.13 EMPC 0.73 0.45 0.51
(0.32)
Total TCDF 0.01 55.28 0.018 0.63 0.14 0.0075 ND 0.073 0.045 0.026
Total PeCDF 0.02 39.52 0.018 0.63 0.06 0.030 ND 0.087 0.013 0.0058
Total HxXCDF 0.24 29.87 0.12 0.53 0.12 0.15 ND 0.53 0.051 0.070
Total HpCDF 0.66 9.30 0.28 0.69 0.22 0.53 ND 0.40 0.15 0.18
OCDF 0.54 1.31 EMPC 0.49 0.13 0.32 ND 0.17 0.070 0.096
(0.15)
Totals 3.72 151.17 1.60 5.60 1.82 2.60 0.32 2.32 0.89 1.05
Notes: The abbreviation ND means that the chemical was not detected, and the analytical

detection 1limit is given.

estimated maximum possible
chemical was detected but below the normal analytical detection limit;

concentration is reported.
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Table 11. Dioxin/Furan Measurements Corrected to a 7% Oxygen
Basis, ng/dscm
Burn 1 2 3 4 5 6
% Oxygen 8.7 4.4 7.0 7.3 9.0 5.95T
Total TCDD 4.16 ND 0.14 0.0068 ND ND
Total 4.16 ND 0.95 0.013 ND ND
PeCDDD
Total 8.18 0.025 0.92 0.048 0.018 ND
HxCDD
Total 6.44 0.19 0.69 0.22 0.49 ND
HpCDD
OCDD 4.02 0.65 1.27 0.89 1.32 EMPC
(0.30)
Total TCDF 76.40 0.015 0.63 0.14 0.088 ND
Total 54.62 0.015 0.63 0.06 0.035 ND
PeCDF
Total 41.28 0.10 0.53 0.12 0.18 ND
HxCDF
Total 12.85 0.24 0.69 0.22 0.62 ND
HpCDF
OCDF 1.81 EMPC 0.49 0.13 0.37 ND
(0.13)
Totals 213.9 1.4 5.6 1.86 3.18 EMPC
(0.3)
Notes: The abbreviation ND means that the chemical was not

detected, and the analytical detection limit is given.
EMPC means that the chemical was detected, and the
estimated maximum possible concentration (EMPC) is
given. J means that the chemical was detected but below
the normal analytical detection 1limit; an estimated

concentration is reported.
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Table 11. Dioxin/Furan Measurements Corrected to a 7% Oxygen
Basis, ng/dscm (continued)
Burn 6 7 8 8 9 9

% Oxygen 6.46Am 9.7T 10.4T 5.51Am 7.07T 5.72Am

Total TCDD ND ND ND ND ND ND

Total ND ND EMPC EMPC ND ND

PeCDDD (0.0067) (0.0046)

Total ND ND 0.0067 0.0046 0.028 0.026

HxCDD

Total ND 0.28 0.15 0.09 0.13 0.12

HpCDD

OCDD EMPC 0.90 0.59 0.41 0.51 0.47
(0.31)

Total TCDF ND 0.09 0.059 0.041 0.026 0.024

Total ND 0.108 0.017 0.012 0.0058 0.0053

PeCDF

Total ND 0.66 0.067 0.046 0.070 0.064

HxCDF

Total ND 0.50 0.20 0.14 0.18 0.17

HpCDF

OCDF ND 0.21 0.092 0.063 0.096 0.088

Totals EMPC 2.87 1.18 0.80 1.05 0.96
(0.31)

Notes: The abbreviation ND means that the chemical was not

detected,

EMPC means

estimated

given.
the

normal

that the
maximum

concentration is reported.
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Table 12. Stack Emission Semivolatiles as Measured, pg/dscm
Burn Field 1 2 3 4 5 6 7 8 9
Blank
Phenol? ND 27.98 2.07 9.59 ND ND ND 0.77 ND ND
2-Chlorophenol® ND ND ND 1.69 ND ND ND ND ND ND
1,4-Dichlorobenzene 0.69° 0.29° 0.86° 0.59° 0.38° 0.15° ND ND ND ND
0.97° 0.74"

2-Methylphenol® ND 8.34 ND ND ND ND ND ND ND ND
3/4-Methylphenol?® ND 17.60 ND ND ND ND ND ND ND ND
Nitrobenzene?® ND 2.20 ND ND ND ND ND ND ND ND
Benzoic Acid? ND 395.09 | 147.98 | 327.33 ND ND 143.22 118.97 | 213.17 512.26
2,4-Dichlorophenol® ND ND ND ND ND ND ND ND ND ND
1,2,4-Trichlorobenzene ND 0.73° ND 0.22° ND ND ND ND ND ND
Naphthalene® 4.74 15.56 3.71 5.55 2.42 9.37 7.34 ND 7.15 353.94
2-Methylnaphthalene® ND 9.82 ND ND ND ND ND ND ND 16.90
2,4,6-Trichlorophenol ND ND ND 0.56 ND ND ND ND ND ND
2-Chloronaphthalene? ND ND 2.37 ND 1.40 1.99 ND ND ND ND
Dimethylphthalate?® ND 5.06 ND ND ND ND ND ND ND ND
Acenaphthylene® ND 1.28 ND ND ND ND ND ND ND ND
Acenaphthene® ND 1.24 ND ND ND ND ND ND ND 96.19
Dibenzofuran? ND 1.87 ND ND ND ND ND ND ND ND

® - Analyses by Method 8270 for Table 2 list of

b

- Analyses by Method 8270 for chlorobenzenes and chlorophenols
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Table 12. Stack Emission Semivolatiles as Measured, pg/dscm (continued)

Burn Field 1 2 3 4 5 6 7 8 9
Blank

Diethylphthalate ND 6.97 ND ND ND ND ND ND 2.64 4.37
Fluorene® ND 1.45 ND ND ND ND ND ND ND 17.35
Phenanthrene® ND 11.41 ND ND ND ND ND ND ND ND
Anthracene? ND 0.64 ND ND ND ND ND ND ND 10.94
Di-n-butylphthalate® ND 14.92 2.09 7.69 12.18 ND 17.59 5.25 217.12 7.94
Fluoranthene® ND 2.57 ND ND ND ND ND ND ND ND
Pyrene® ND 1.88 ND ND ND ND ND ND ND ND
Butylbenzylphthalate® 5.38 ND ND ND ND ND ND ND ND ND
Bis(2- 134.60 5.36 ND ND ND ND 44.09 3.65 46.29 9.77
Ethylhexyl)phthalate®

Chrysene® ND 2.39 ND ND ND ND ND ND ND ND

® - Analyses by Method 8270 for Table 2 list of

b

ND - Not detected
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Table 13. Stack Emission Polychlorobiphenyls as Measured, pg/dscm
Burn Field Blank 1 2 3 4

Total Mono CB 0.008 EMPC (0.26) ND ND ND
Total Di CB EMPC (0.12) EMPC (4.36) 0.0059 0.046 EMPC (1.74)
Total Tri CB 0.006 ND EMPC (0.024) EMPC (2.65) 0.013
Total Tetra CB ND ND EMPC (0.0036) 0.040 ND
Total Penta CB EMPC (0.13) EMPC (2.08) EMPC (0.10) EMPC (3.52) | EMPC (0.43)
Total Hexa CB ND ND ND EMPC (0.17) ND
Total Hepta CB ND ND ND ND ND
Total Octa CB ND EMPC (0.29) ND ND ND
Total Nona CB ND EMPC (0.53) ND ND ND
Deca CB ND ND ND ND ND
Total PCB 0.01 n/a 0.0059 0.086 0.013
Total PCB + EMPC 0.28 7.32 0.37 10.84 2.20
Mono CB = Monochlorinated biphenyls

Di CB = Dichlorinated biphenyls

Tri CB = Trichlorinated biphenyls

Tetra CB = Tetrachlorinated biphenyls

Penta CB = Pentachlorinated biphenyls

Hexa CB = Hexachlorinated biphenyls

Hepta CB = Heptachlorinated biphenyls

Octa CB = Octachlorinated biphenyls
Nona CB = Nonachlorinated biphenyls

Deca CB = Decachlorinated biphenyls

EMPC = Estimated maximum possible concentration
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Table 13. Stack Emission Polychlorobiphenyls as Measured, pg/dscm (continued)

Burn 5 6 7 8 9
Total Mono CB EMPC (0.015) 0.0053 0.0067 EMPC (0.00064) 0.0038
Total Di CB 0.0075 EMPC (0.75) EMPC (1.20) 0.019 0.013
Total Tri CB 0.0075 0.0015 0.013 0.026 EMPC (0.058)
Total Tetra CB 0.0030 EMPC (0.0038) EMPC 0.0038 0.0019

(0.0027)

Total Penta CB EMPC (0.19) EMPC (0.11) 0.0013 EMPC (0.15) EMPC (0.33)
Total Hexa CB 0.0038 EMPC (0.003) ND ND EMPC (0.0032)
Total Hepta CB 0.006 EMPC (0.075) EMPC (0.033) EMPC (0.015) EMPC (0.064)
Total Octa CB EMPC (0.006 0.0030 EMPC (0.002) EMPC (0.013) EMPC (0.0019)
Total Nona Cb EMPC (0.022) ND ND ND EMPC (0.019)
Deca CB 0.015 ND ND ND ND
Total PCB 0.045 0.0075 0.02 0.021 0.019
Total PCB + EMPC 2.48 1.05 1.53 2.12 1.47

Mono CB = Monochlorinated biphenyls

Di CB
Tri C

B

= Dichlorinated biphenyls

= Trichlorinated biphenyls

Tetra CB = Tetrachlorinated biphenyls
Penta CB = Pentachlorinated biphenyls
Hexa CB = Hexachlorinated biphenyls

Hepta CB = Heptachlorinated biphenyls

Octa
Nona
Deca
EMPC

CB = Octachlorinated biphenyls
CB = Nonachlorinated biphenyls
CB = Decachlorinated biphenyls
= Estimated maximum possible concentration
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Table 14.

Toxicity Characteristic Leaching Procedure Test on Ash for Burns 1 and 2
(Metals) and Protocol Blanks, mg/L

Element AA Blank AA Blank SA Blank RCRA Limit Burn 1 Burn 2
Arsenic <0.005 <0.100 <0.100 5 <0.100 <0.005
Barium 0.025 0.034 0.184 100 0.398 0.155
Cadmium <0.010 <0.010 (2) 1 0.174 0.073
Chromium <0.008 <0.008 <0.008 5 <0.008 0.025
Lead 0.208 <0.050 0.279 5 0.421 0.098
Mercury <0.002 <0.002 <0.002 0.2 <0.002 <0.002
Selenium <0.050 <0.100 <0.100 1 <0.100 <0.050
Silver 0.009 <0.007 0.011 5 <0.007 <0.007

Notes: AA Blank = acidic acid method blank (2 blanks done) SA Blank = sodium acetate

method blank,
under Resources Conservation and Recovery Act for a nonhazardous waste.

goes with sample 8T.

RCRA Limit =

maximum concentration allowable

Table 15. Toxicity Characteristic Leaching Procedure Test on Ash for Burns 3 Through 9 (Metals),
mg/L
Element Burn 3 Burn 4 Burns 5/6 Burn 7 Burn 8 T Burn 8 B Burn 9
Arsenic <0.005 <0.005 <0.100 <0.005 <0.100 0.011 <0.100
Barium 0.155 0.079 0.186 0.232 0.186 0.202 0.232
Cadmium 0.458 0.370 0.209 2.18 0.040 0.779 2.18
Chromium 0.082 <0.008 0.027 <0.008 <0.008 <0.008 <0.008
Lead 0.592 1.33 9.12 0.316 <0.050 0.208 0.316
Mercury <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Selenium 0.050 <0.05 <0.100 <0.05 <0.100 <0.05 <0.100
Silver 0.042 0.042 0.008 0.010 <0.007 0.009 0.010
Units: Combined ash for burns 5 & 6. Ash from top and bottom of burn 8 analyzed separately (8T,

B).
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Table 16. Toxicity Characteristic Leaching Procedure Test on Ash (Semivolatiles)

Burn AA Blank Anal. SA Blank Inst. 1 2 3
Blank Blank
Pyridine U (10) U (10) U (10) U (10) U (19) U (22) U (19)
Phenol U (10) U (10) U (10) U (10) U (19) U (22) U (19)
1,4-dichlorobenzene U (10) U (10) U (10) U (10) U (19) U (22) U (19)
1.2-dichlorobenzene U (10) U (10) U (10) U (10) U (19) U (22) U (19)
2-methylphenol U (10) U (10) U (10) U (10) U (19) U (22) U (19)
4-methylphenol/3- U (10) U (10) U (10) U (10) U (19) U (22) U (19)
methylphenol
Hexachloroethane U (10) U (10) U (10) U (10) U (19) U (22) U (19)
Nitrobenzene U (10) U (10) U (10) U (10) U (19) U (22) U (19)
Hexachlorobutadiene U (10) U (10) U (10) U (10) U (19) U (22) U (19)
2,4,6-trichlorophenol U (10) U (10) U (10) U (10) U (19) U (22) U (19)
2,4,5-trichlorophenol U (52) U (50) U (52) U (50) U (93) U (110) U (96)
2,4-dinitrotoluene U (10) U (10) U (10) U (10) U (19) U (22) U (19)
Hexachlorobenzene U (10) U (10) U (10) U (10) U (19) U (22) U (19)
2,3,4,6-tetrachlorophenol U (52) U (50) U (52) U (50) U (93) U (110) U (96)
Pentachlorophenol U (52) U (50) U (52) U (50) U (93) U (110) U (96)
Notes: U = compound not detected; detection limits in micrograms per liter in ( ). AA
Blank = acidic acid method blank; SA Blank = sodium acetate method blank; Anal.
Blank = analytical Blank; Inst. Blank = instrument blank. 8T = residue from top of
burn 8; B = ash residue from bottom of burn 8. 5/6 = combined ash residue for burns
5 and 6.
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Table 16. Toxicity Characteristic Leaching Procedure Test on Ash (Semivolatiles)

(continued)
Burn 4 5/6 7 8T B 9
Pyridine U (23) U (20) U (20) U (18) U (28) U (40)
Phenol U (23) U (20) U (20) U (18) U (28) U (40)
1,4-dichlorobenzene U (23) U (20) U (20) U (18) U (28) U (40)
1.2-dichlorobenzene U (23) U (20) U (20) U (18) U (28) U (40)
2-methylphenol U (23) U (20) U (20) U (18) U (28) U (40)
4-methylphenol/3- U (23) U (20) U (20) U (18) U (28) U (40)
methylphenol
Hexachloroethane U (23) U (20) U (20) U (18) U (28) U (40)
Nitrobenzene U (23) U (20) U (20) U (18) U (28) U (40)
Hexachlorobutadiene U (23) U (20) U (20) U (18) U (28) U (40)
2,4,6-trichlorophenol U (23) U (20) U (20) U (18) U (28) U (40)
2,4,5-trichlorophenol U (120) U (100) U (98) U (89) U (140) U (200)
2,4-dinitrotoluene U (23) U (20) U (20) U (18) U (28) U (40)
Hexachlorobenzene U (23) U (20) U (20) U (18) U (28) U (40)
2,3,4,6-tetrachlorophenol U (120) U (100) U (98) U (89) U (140) U (200)
Pentachlorophenol U (120) U (100) U (98) U (89) U (140) U (200)
Notes: U = compound not detected; detection limits in micrograms per liter in ( ). AA
Blank = acidic acid method blank; SA Blank = sodium acetate method blank; Anal.
Blank = analytical Blank; Inst. Blank = instrument blank. 8T = residue from top of
burn 8; B = ash residue from bottom of burn 8. 5/6 = combined ash residue for burns

5 and 6.
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DISCUSSION

Particulates

The incinerator permit issued by the Alaska
regulatory agency required that the stack emissions not
exceed 0.08 gr/dscf corrected to 12% carbon dioxide. This
limit was exceeded only during the first particulate
sampling in burn 1, (sample 1A, Table 5). When the Entech
unit was started for the first test, forced air was blown
into the primary chamber, but the flue gas flow was
constricted. This resulted in a series of puffs, and black

smoke could be seen emitting from the stack. The
particulate filter for sample Al was also black. This
situation represented an abnormal operating condition. The

problem was corrected, and 1less than 0.001 gr/dscf was
collected for the second sampling event (mid burn, sample
1B). Toward the end of the burn, excess air was fed to the
primary combustion chamber. This resulted in a higher
stack gas flow (2340 scfm versus 1048-1550 scfm for other
sampling events, Table 2). The higher air introduction
rate is believed to suspend some of the ash particles in
the exhaust gas stream, resulting in higher-than-average
(0.034 gr/dscf) particulate solids. The particulates
collected on the filter during particulate sampling 1C were
the same light gray color as the ash.

For the other burns, air was introduced at a more
uniform rate, resulting in more uniform stack gas flow

rates (Table 2). Particulate emissions were generally in
the range of 0.001 to 0.022 gr/dscf, corrected to a 12%
carbon dioxide basis. On a 7% oxygen basis, these values
were lower. There were three sampling events where

particulates exceeded 0.022 gr/dscf (4C, 5A, and 7A) but
were well under 0.08 gr/dscf.

WRI believes that the actual particulate loadings for
some samples may be lower than what was measured. The high
temperatures resulted in some flaking of the nozzle and
graphite seal, which may have contributed to the acetone
wash residues.

Acid Gases
Acid gases include sulfur dioxide and hydrochloric

acid (hydrogen chloride). Sulfur dioxide was not measured
under this contract. Hydrochloric acid (hydrogen chloride)
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as measured, varied from 4 ppm to 140 ppm (Table 7). The
numbers were scattered, with no apparent correlation to
burn or time.

An emission factor was calculated for each burn
(Table 17) from measured HC1l concentrations and stack gas
flow rates. A 12-hour burn was used in calculating total
amount of HCl emissions.
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Table 17. Hydrogen Chloride Emission Factors

Burn 1b HCl Emitted 1b HCl Emitted per 1lb
Material Burned
1 6.7 0.00102
2 4.6 0.00071
3 3.3 0.00521
4 2.5 0.00037
5 2.7 0.00027
6 2.0 0.00026
7 2.9 0.00116
8 2.1 0.00069
9 5.3 0.00134

The medical waste burn (burn 3) had the highest HCL
emission factor. This is not surprising considering the
high proportion of plastics. The two auto fluff burns
(burns 7 and 9) had the next highest HCl emission factor;
auto fluff contains a high proportion of plastic residues
from automobiles.

Metals

Burn 9 (auto fluff), burn 6 (MSW and Medical Waste)
and burn 2 (MSW and oily waste) had higher-than-average
cadmium and lead emissions (Tables 8 and 9). Burn 9 ash
leachate failed the Toxicity Characteristic Leaching
Procedure (TCLP) for cadmium, and the burn 5/6 ash leachate
(probably mostly burn 6) failed the TCLP for cadmium

(Tables 14, 15, and 16). Burn 2 cadmium and lead emissions
were also high, but the ash leachate passed the TCLP for
these metals. Cadmium is used in electroplating automotive

metal parts, and may be leached and absorbed by the plastic
when auto fluff is separated from the metals and dewatered.
The common source of mercury in municipal solid waste is
batteries.

WRI believes that the sampling nozzle contributed

much of the chrome and nickel detected in the samples. The
sampling nozzles are made of Inconel or stainless steel,
depending upon the tests. This conclusion is based on the

observation that almost all of the chromium and nickel
originated in the nitric acid probe rinse of the nozzle.
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All tests produced zinc emissions. Zinc is used in

metal parts, in automotive protective paints, and in tires.
It is also present in waste oils. Therefore, its presence
is not surprising.

Organics

1.

The organic sampling for burn 1 occurred when the
series of smoke puffs were observed. This was because
forced air was fed to the primary combustion chamber
at the same time that the exhaust gas was constricted.
The puffs were strong enough to make a noise that
sounded like a small explosion in the primary chamber.
The situation was corrected, but not before loading
the filter with black particulate. The result was an
average of 1.51 ng/dscm of dioxins/furans collected,
which were weighted heavily toward trichlorinated

dibenzofurans (TCDF) and pentachlorinated
dibenzofurans (PeCDF) and relatively little
octachlorinated dibenzo-p-dioxins (OCDD) or

octachlorinated dibenzofurans (OCDF).

High concentrations of TCDF and PeCDF are expected
under reducing conditions; OCDD and OCDF are expected
under excess-air conditions.

For all other burns, total dioxins and furans were
very low, and barely distinguishable from the field
blank. The small amount that was detected was
weighted in favor of OCDD and OCDF. These low levels
are remarkable in that total dioxins/furans from
typical MSW incinerators are on the order of 20 to 100
ng/dscm, and 100 to 400 ng/dscm for medical waste.

WRI believes that this Entech Model TOS-80, as tested
lends itself to low dioxin/furan formation. The
particulate emissions are low, and flue gas mixing in
the secondary combustion chamber allows for excellent
destruction of products of incomplete combustion.
Dioxin/furan emissions from MSW incinerators have been
evaluated by a number of researchers (Hoffman et al.
1990; Acharya et al. 1991; Shaub and Tsang 1983).
Hydrogen chloride or chlorine in the flue gas reacted

with products of incomplete combustion (PICs:
phenols, chlorobenzene, chlorophenols, polyaromatics),
which are adsorbed onto fly ash particulates. These

PICs,in turn form dioxins/furans.
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2.

Polychlorinated biphenyls (Table 13)

Low levels of polychlorinated biphenyls were detected

for some burns, especially burns 1 and 3 . Burn 1
represents an abnormal situation, and burn 3 was the
medical waste burn. The medical waste burn produced

the most HCl emission per unit waste incinerated. The
concentrations of polychlorinated biphenyls in the
other burn samples

were barely greater than the field blank.
Monochlorinated biphenyls were detected in the auto
fluff emission burns (7 and 9).

Semivolatiles (Table 12)

A significant amount of benzoic acid was detected in
several samples. The benzoic acid may be an artifact,
originating from the XAD-2 resin or the graphite
sealant rather than from the stack flue gas.

The phthalate (diethylphthalate, di-n-butylphthalate
butylbenzylphthalate, and bis (2-ethylhexyl)phthalate)
detected in some samples may also be an artifact.

Phthalates may originate from vapors emanating from
plastics, such as plastic bags, plastic packing, or
petri dishes used to store some filters. Phthalates
were also measured in the field blank. In addition,
l,4-dichlorobenzene was detected in some samples
including the field blank.

Phenol, 2-methylphenol and 3/4 methylphenol are

measured in the burn 1 sample. Phenols adsorbed on
fly ash are known to react with hydrogen chloride to
form dioxins and furans. As explained earlier, the

early stage of burn 1 was atypical.

One class of organic emissions that was detected in

significant quantities includes naphthalene,
acenapthene, fluorene, and anthracene from burn 9
(auto fluff). All are coal tar derivatives. These

were not detected in burn 7 emissions.
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CONCLUSIONS

Particle emissions were less than 0.08 gr/dscf, which
is the 1limit set by the Alaska regulatory agency,
corrected to a 12% carbon dioxide basis. The one
exception was on startup for the first burn, a series
of smoke puffs occurred when air was forced into the
primary combustion chamber while the exhaust flue was
restricted. Particulate emissions for most burns were
<0.02 gr/dscft.

HCl emissions varied from 4 to 140 ppm. The medical
waste burn produced the highest HCl emission factor
(0.0052 1b HCl/lb material burned); the auto fluff
emission factor was 0.0012 or 0.0013 1lb HC1l/1lb
material burned. MSW HCl emission factors vary, but
are generally less than 0.001. The tire burn HCl
emission factor was 0.0004 1lb/lb material burned.

Metals detected in the emissions include cadmium
chromium, nickel, lead, mercury, manganese, and zinc.
Some of the chromium and nickel is believed to
originate from the Inconel and stainless-steel sample
probe and nozzles, and not from the stack. Mercury
was measured in the MSW waste and auto fluff
emissions, but was absent from emissions in the
creosote railroad tie and automobile tire burns.
Mercury was also absent from one of the medical waste
burns.

Except for burn 1, dioxins and furans were barely
detectable above the field blank. The concentrations
were much lower than conventional MSW incinerations.

In general, organics were low, much less than
conventional MSW incineration. Benzoic acid may be an
artifact. Naphthalene, acenaphthene, and 2-
methylnaphthalene were measured in the second auto
fluff burn emissions.

The results of the Toxicity Characteristic Leaching
Procedure on the ash were generally below RCRA limits.
Two exceptions were burn 9 for cadmium and burn 5/6
combustion for 1lead. The burn 9 cadmium emissions
were also higher than any other burn (0.083 ng/dscm).
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RECOMMENDATIONS

Any future monitoring should wuse Inconel probes,
Inconel nozzles, and quartz liners.

Oxygen and carbon dioxide sensors used for gas
monitoring should be certified and tested before
emissions sampling is started.

A smaller diameter stack H _ is
ack velocities shou e 1n the range of

Percent oxygen in the flue gas should be in the 4 to
10% range.
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SUMMARY

on December 3, 1990, 1,489 1lb of municipal solid waste (MSW) obtained
from the Albany County landfill and 250 1lb of wood pallets were
incinerated in an Entech thermal oxidation demonstration plant located at
Western Research Institute (WRI). After the burn, the residual materials
were geparated into glass, metal, and ash components. This demonstrates
that these materials can be recovered and recycled after incineration.

Particulate metal emissions collected during a 4-hour sampling period
were 0.00063 gr/dscf (1.44 mg/dscm) corrected to a 7% oxygen basis. Acid
gas emissions were 22 ppm HCl and <2 ppm S0,,; both corrected to a 7%
oxygen basis. The calculated HCl emission factor based on 22 ppm HCl is
0.0004 1b HCl/1lb MSW waste. Cadmium and lead emissions were 0.005%9 and
0.04 mg/dscm respectively, corrected to a 7% oXygen basis. Dioxin
emissions were 1.9 ng/dscm, and furan emissions were 3.6 ng/dscm.
Average CO emissions were 7 ppm. NO, varied from 19 to 76 ppm during the
burn or an average of 33 ppm on a 7% oxygen basis, These are
measurements without scrubbing or other pollution-contrel devices, other
than the secondary combustion chamber.

These emissions comply with the new federal standards® for large
incinerators (>250 ton per day) scheduled to be in effect by August 1991.

2 cadmium, lead, and mercury standards have not been promulgated at the
writing of this report.



INTRODUCTION

Entech Inc. contracted Western Regearch Institute (WRI) to measure
and analyze gas flows of an Entech thermal oxidation system using
municipal solid waste (MSW) as feedstock. A burn was perfermed on
December 3, 1990, One of the objectives of this burn was to measure
emissions from the secondary combustion chamber, including (1)
particulates, (2) particulate metals, and (3) EPA Method 23
dioxins/furans. Because the burn lasted a little mere than seven hours,
there was only time to take one 2 1/2-hour dioxin/furan measurement and
one 4-hour particulate measurement. sulfur dioxide, NO and CO
emissions were measured throughout the burn.

xr

Entech also completed a demonstration MSW burn on August 21, 138980,
for the benefit of potential clients. WRI was not contracted to measure
emissions or gas flows. Entech provided WRI with a copy of temperature
and other data taken. This copy and WRI commentary are presented in
Appendix A.

DEVELOPING REGULATIONS

Proposed U.S. EPA rules (Federal Register, December 20, 1989) for MSW
incinerators target dioxins/furans, particulate metals, HCL, 50,, CO, and
NO, emissions. The December 20, 1989, also contained a proposed EPA-
Method 23 protocal for measuring dioxins/furans. The Method 23 protocal
was formally published as 40 CFR Part 60-Method 23 (Federal Register,
February 13, 1391). ’

On November 15, 1990, the Clean Air Act Amendments became law, and
they included a new section 129 that applied to solid waste incinerators.
Section 129 set deadlines for issuing emissions standards and added
mercury, cadmium, and lead to the list of requlated emissions. Standards
for large MSW incinerators (>250 ton/day) were finalized, effective
August 12, 1991 (Federal Register, February 11, 1991). Standards for
small incinerators (<250 ton/day) must be promulgated within two years.

Regulatory limits for large incinerators are listed in table 1. The
most stringent limit is on HCl, where the MSW incinerator must achieve
less than 25 ppm, or be fitted with a scrubber or other polluticon control
devise capable of reducing the HC1 by‘95 percent. States may adopt even
more stringent emission limits.

The term particulate metals, as used by regulatory agencies, is
misleading. The term particulate metals is what WRI calls fronthalf
particulates corrected to a 7% oxygen basis. The fronthalf particulates
‘are all particulates collected by the particulate sampling train up to
and including the particulate sampling filter. Solids collected
downstream from the filter including the impinger solutions are termed
the backhalf and are not included in the calculation for particulate
metals. The language is misleading because WRI has analyzed the
fronthalf particulates from various burns for metals and found that in
many cases, the actual metal content was a small percentage of the tetal
material cocllected. The balance was carbon (soot), silica, calcium,
magnesium, sodium, etc.
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A proposed rule under consideration (Federal Register, December 20,
1989) requiring at least 25% removal and recycle of materials prior to
incineration was eliminated (U.S. EPA, January 11, 1%91). state and
local governments may still require recycling. For example, Kentucky
requires that new incinerators must reduce the volume of the waste that
they receive by 40% through recycling. This rule is of interest to
Entech because the burn temperatures in the primary combustion chamber
are controlled such that metal and glass components can be removed from
the ash and recycled after the burn,

METHODS

Burn Operations

The burn date was December 3, 1990. The primary combustion chamber
was loaded with 1,489 1lb of household waste in plastic bags obtained
from the Albany County landfill. They were placed on top of wooden
pallets (250 1lb) which, in turn, were set on the bottom grate of the
primary combustion chamber. Light-off time was at 09:06 hours. The burn
proceéded smoothly, except for a brief upset at 11:10 hours when a puff
of black smoke was seen. Other than at that time, there were no visible
emissions. Natural gas was fed to the bottom primary burner until 12:24
hours. During the late afternoon, temperatures in the primary combustion
chambeér decreased as the burn was nearing completion. At 16:45 hours,
the burn was practically complete, and the natural gas to the secondary
combustion chamber was cut off. The following morning, the residual
materials were separated into glass (99 1lb), metal (80 1lb), and ash (153
1b) components. The burn characteristics are summarized in Table 2.

Air and Natural Gas Measurements

l.. Natural Gas

Nafural gas was measured using a gas meter servicing the system. Gas
pressure was 20 psi. Laramie pressure was 11.6 psi for a total of 31.6
psi total gas line pressure. According to Northern Gas of Wyoming, the
heat content of the gas (14.73 psi, 60°F) varies from 1030 to 1060
Btu/ft? (dry basis), with an average of 1045 Btu/ft? (dry basis) or 1025
Btu/ft® (wet basis). The natural gas supply contains no measurable
sulfur or nitrogen.

2. Exhaust gas from secondary

Thé gas flow volume was calculated from pitot-tube measurements,
temperatures (T, of Fiqure 1), pressure, and gas combustion measured in
the 19.9-inch-diameter stack. The results are in Table 3.

3. Air flow to primary combustion burners

A hot wire anemometer in a 2-inch line was used. The results are in
Table 4.
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4. Turbulent air flow to primary (excluding burner)

A hot wire anemometer in a - line was used. The results are in
Table 4.

5. Air flow to secondary burners

A hot wire anemometer in a - line was used. The results are in
Table 4.

6. Turbulent air flow to the secondary combustion chamber

This is a difficult measurement to obtain accurately. Turbulent air
is drawn in to the system from the outside with a blower.

flow is not uniform in the duct. Velocity readings for different spots
and at different louver settings are presented in Appendix B. Normally,
anemometer readings were taken in hole #5 at a depth o into the
duct. To convert this reading tc an average velocity, a correction
factor of - was applied if the reading was or higher. The
correction factor increases for readings under . A
different measuring hole was used fer the August 21 burn (Appendix A) so
a different correction factor was used for that burn.

Temperatures

Temperatures were measured using thermocouples installed at the
locations shown in Figure 1. Thermocouple T, was attached to the pitot
tube used to measure stack velocity. . Appendix B contains a record of
temperature measurements. These data points were automatically recorded
using a data logger. Selected thermocouple readings were graphed as a
function of time since light-off of the primary combustion chamber
(Figure 2).

Gas Analyses

An Entech-owned Enerac 2000 analyzer was used to measure 0,, C0O,, CO,
No,, and S0, from the secondary combustion unit. The results are listed
in Table 3., We frequently checked the instrument using atmospheric air,
a 105 ppm CO calibration gas in nitrogen, or 50 ppm SO, gas in nitrogen.

Particulates, Percent Water, and HCI1

Particulates were measured according to U.S. EPA methods (published
as 40 CFR part 60 Appendix A, Method 5) using Andersen stack sampling
equipment. WRI used a 3-ft stainless steel sampling probe with a quartz
liner and fitted with a 0.5-inch-opening, stainless steel nozzle. The
glass filter holder, glass cyclone, and filter (Andersen part number 50-
320) were contained in a heated box (300°F/149°C) attached directly to
the sampling probe. The sampling probe was insulated and heated, and had
an attached pitot tube.



Some states require that particulate data be corrected to a 12% Co,
basis. For many states, the particulate calculations do not include the
backhalf (soclids collected downstream from the filter, e.g., the glass
impingers). However, other states {(e.g., Washington) include the
backhalf with data corrected to a 7% 0, basis. Proposed regulations
(Federal Register Dec. 20, 1989) call fronthalf particulates corrected to
a 7% O, basis particulate metals and require that at least 120 scf of gas
be collected. Current regqulations reguire collection of only 30 scf.

Particulates were collected during the sampling times listed in Table
5. WRI sampled 123.9% scf of gas between 12:35 and 16:45 hours.

WRI followed the Puget Sound Air Pollution Control Agency procedures
for sampling and analyzing the backhalf. WRI used five impingers: two
containing double-distilled and deionized water; one containing 100 ml of
a solution of 1 g NaHCO; and 2 g Na,CO; dissolved in 4 L of double-
distilled, deionized water; one blank, and one containing silica gel.

Following a test, 100 mL of the distilled water and the entire
solution of NaHCO;/Na,C0O; were set aside for chloride analyses. The
remaining distilled water was used for total scolids determination
according to Puget Sound Air Pollution Control Agency procedures. These
procedures call for (1) purging the impinger water with nitrogen or tlean
air; (2) rinsing all sample-exposed surfaces between the filter and
sodium carbonate/bicarbonate impinger with acetone, and placing the
washings in a tared beaker to dry; and (3) adding 50 to 100 mL of
dichloroethane to the impinger distilled water solutions, spinning for
ten minutes, and separating using a separatory funnel. The extraction is
repeated. The separated dichlorocethane solution is placed in a tared
beaker and evaporated under a hood at room temperature. The remaining
water is evaporated at less than 212°F (100°C). This procedure gives
organic and inorganic total solids fractions for the backhalf.

The thermal oxidation unit was outfitted with a 24-ft-high stack for
emissions sampling purposes. Sampling was done at the 17-ft level for
the 19.9-inch-i.d. stack. The thermal oxidation unit was placed adjacent
to the old 150-ton oil-shale retort located on WRI property just north of
Laramie, Wyoming. The oil shale retort has the necessary scaffolding teo
support the stack and provide safe access for emissions sampling. The
railing of the 150-ton retort also supported the particulate sampling
train, which was mounted on a board and moved as a unit as the probe was
moved to the different stack positions as required by EPA protocols (40
CFR Part 60 Appendix A, Methods 1 and 5)

The impingers used in the particulate sampling train were weighed
before and after the test. The difference was the weight of water-
collected gas. The impingers were set in an ice bath during sampling.

A portion of the impinger contents (double-distilled, deionized water
and NaHCO;/Na,C0O; solution) were set aside for chloride analysis by ion
chromatograph (U.S. EPA Method 300.0). From this measurement, HCL
emissions were calculated.

The particulate filter after the run was clean and was not darkened
with soot or noticeable material. There were also no measurable

particulates or solids in the backhalf.

4



Particulate Metals

The proposed regulations (Federal Register, December 20, 1989) for
municipal solid waste incinerators call fronthalf particulates at 7%
oxygen (what is collected on the filter, cyclone, and acetone wash of the
sampling probes and glassware up tc the filter) particulate metals. WRI
took the fronthalf particulates collected and digested them in 100 mL of
a 10% nitric acid solution for 24 hours. The solution was then analyzed
for trace metals using inductively coupled plasma (ICP) emission
spectroscopy. Four samples (acetone-wash residual, filter, acetone-wash
residual blank, filter blank) were analyzed. Results are in Table 6.

Bioxins/Furans

Dioxing/furans were measured according to EPA Method 23 (Federal
Register, December 20, 198%8).  WRI used a quartz-lined, 3-ft stainless
steel sampling probe fitted with a 0.625-inch stainless steel nozzle, a
4-inch Teflon-lined filter holder, and a resin trap containing XAD-2
resin impregnated with surrogate dioxin/furan compounds (to check
recovery). Three containers plus the XAD-2 resin were submitted to
Triangle Laboratories in North cCarolina for dioxin/furan analysis by
high-resolution mass spectrometry. As regquired by EPA Method 23,
container 1 contained the filter along with particulate and filter
material. Container 2 contained acetone/dichloroethane rinsates from the
sampling apparatusg. <Container 3 contained toluene rinsates from the
apparatus. The content of container 1 was combined with the XAD-2 resin
and extracted. The content of container 2 was concentrated and combined
with the container 1/XAD-2 resin extract to yield the sample identified
as MMS5 2. The toluene rinsates from container 3 were concentrated, and
the resulting sample is identified as TOL rinse 3. Research Triangle
Laboratories also supplied WRI with the XAD-2 resin trap containing resin
spiked with surrogate samples. The Triangle Laboratory summary sheets
giving resulis are in Appendix C.

Different glassware and sampling probes were used fcor the
dioxin/furan sample than those used for the particulate sampling train.
However, the same hot box and gas flow meter was used. The
dioxins/furans were sampled first, and then the equipment was used to
sample particulates. The December 20, 1989, protocol requires that 70
cubic feet of gas is sampled isckinetically; %4.5 ft3 was actually
collected (Table 7). After the burn, the protocol was changed to require
a 4-hour sampling time (Federal Register, February 11, 1991). The
regulations alsc incorporate a final toluene quality assurance rinse (40
CFR part 60, Appendix A, Method 23, Paragraph 7.4). This was analyzed
separate from the total sample catch, but was not counted as part of the
total sample catch.

In regqgulatory language, the term dioxins means the total amount of
polychlorinated dibenzo-p-dioxins (PCDD) present, the individual chemical
species and isomers summed with no weighting factors given to relative
toxicity. Furans means total polychlorinated dibenzofurans (PCDF).
Polychlorinated means four or more atoms attached to the basic dioxin or
furan chemical structure. Tetra (TCDD or TCDF) indicates four chlorine
atoms, penta (PeCDD or PeCDF) indicates five, hexa (HxCDD or HXCDF)
indicate 6, hepta (HpCDD or HpcDF) indicates 7, and octa (OCDD or OCDF)
indicates 8. For example 2,3,7,8-TCDD is an abbreviation for 2,3,7,8-
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tetrachlorinated dibenzo-p-dioxin with chlorine atoms on the 2, 3, 7, and
8 positions on the basic dioxin molecule.

Ash Analysis

After removal of metal and glass components, ash samples were
subjected to proximate and chleride analyses. One ash sample was alsc
digested in nitric acid. The material that failed to dissolve in nitric
acid was called insolubles (Table 8). The insolubles represented 40.66%
of the total ash material. The acid-soluble portion was analyzed for
metals using inductive coupled plasma (ICP) emission spectroscopy.
Results are listed in Table 8.

The proximate analysis is a published procedure (ASTM method D 3172).
Moisture represents loss in weight when the sample is heated at 106°C
(222°F) for one hour. When the ash was removed from the primary
combustion chamber, it was probably free of moisture; however, some water
may have been adsorbed prior to analysis. Volatiles represent loss in
weight when the sample is heated at 950°C (1742°F) for 7 minutes in an
oxygen-free atmosphere. Ash is the material remaining when the sample is
heated at 750°C (1382°F) for 6 hours in air. Fixed carbon is inorganic
(nonvolatile) carbon.

DISCUSSION OF RESULTS

Temperatures

Temperature data are in Appendix B;

The peak temperature reached in the secondary combustion
chamber was 2046°F (1119°C); however, most readings ranged from 1900°F to
2000°F {1038 to 1093°C). The peak primary combustion chamber temperature
reached was 1532°F (833°C) at the top portion. Temperatures near the
bottom portion where the ash was located were cooler (peak near 700°F or
371¢C).

In reviewing these temperatures, we conclude that they are a little
higher than necessary to achieve a satisfactory burn. The secondary
combustion chamber can be operated at about 1700°F (925°C) for this type
of waste, with subsequent savings in natural aas. Reduced NO, emissions
will be a side benefit. The primary ignition burner can be turned off
sooner with additional natural gas savings.

Acid Gas Emissions

sulfur dioxide emissions were not detected (limits of detection were
about 2 ppm). The impinger sclutions for the particulate and
dioxin/furan sampling periods were analyzed for sulfates. A small but
measurable amocunt of sulfate was detected, which calculates to an
equivalent of about 1 ppm sulfate. This was probably emitted as either
sodium sulfate or sulfuric acid.

Significant chlorides were measured in the impinger solution. The
chlorides calculate to an equivalent of 17.3 ppm HCl during the
particulate sampling period (Table 5) or 22.5 ppm corrected to a 7%
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oxXygen basis. The impinger soclutions for the dioxin/furan sampling
period were alsc analyzed for chlorides by ion chromatography. The EPA
Method 23 dioxin/furan protocol does not provide for an HCl determination
this way. We do not know whether the XAD-2 resin trap will emit or
adsorb chlorides during gas sampling. The total amount of chlorides
analyzed in the impinger solutions was 238 mg.

Particulates and Particulate Metals

Particulates were sampled during the last half of the burn. The
sampling time was a little over 4-hours, and 123.9 scf of gas was sampled
isokinetically. Fronthalf particulates (particulate metals) calculated
out to be 0.00063 gr/dscf corrected to a 7% coxygen basis (Table 5). This
igs below the 0.015 gr/dscf limitation for particulate metals from large
MSW incinerators (Table 1). The units gr/dscf can be converted to
mg/dscm by multiplying by 2288.

The backhalf particulate solids were below detection limits (0.0005
gr/dscf at 7% oxygen); the fronthalf particulates were taken to be equal
tc the total particulates.

The analytical results of fronthalf particulates for metal elements
are listed in Table 6. About 60% of the fronthalf particulates were
accounted for by this elemental scan. This procedure does not measure
carbon, oxygen, sulfur, chlorine, or fluorine. The procedure does
measure silicon, but this element is not reported in Table 6 because the
nitric acid digestion does not solubilize silica. (A hydrofluoric acid
digestion is required.)

We believe that oxygen in the form of metal oxides, with lesser
amounts of silica, carbon, chlorides, and experimental error account for
the remaining 40%. From Table 6§, the major components of the
particulates are calcium and sodium (probably present as oxides) with
lesser amounts of magnesium, aluminum, and zinc.

Percent Water in Stack

Both the particulate and dioxin/furan samplings allow us to calculate
a percent water in the flue gas. The water originates from evaporation
of MSW water and combustion of natural gas and MSW waste (e.g., 2CH, +
30, » 2C0, + 2H,0). The percent water calculated for the particulate
sampling was 3.2% by volume; for the dioxin/furan sampling, the water was
10.9% by volume. The flue gas flow rate (Table 3) is on a wet basis.

Dioxins/Furans

The data package received from Triangle Laboratories was several
hundred pages. 0nly the data summary sheets are included in. Appendix C.
The heart of this data package is a sheet identified as Sample ID 12-3-90
Run #1, Sample Matrix: MM5. Also, in these summary sheets are surrogate
recoveries from the XAD-2 resin, analyses of laboratory blanks, the
toluene quality assurance rinse analyses, and confirmation analyses. At
the end of Appendix C are calibration data for standards, including a
list of all of the dioxin/furan species analyzed.



The total dioxins measured calculated to 1.92 mg/dscm. Furans were
3.61 ng/dscm. The final toluene quality assurance rinse did not pick up
any additional measurable dioxins or furans.

Field operators reported an upset at 11:10 hours when a puff of black
smocke was seen. This cccurred during dioxin/furan sampling. The
dicxin/furan filter ahead of the XAD-2 resin trap was blackened with soot
{30.48 mg particulates collected). Typically, dioxins and furans are
associated with soot particulates.

System Chloride Balance

The chloride in the ash was 1.23% (Table 3), which calculates to 1.88
1b of chloride. The ash weight was 153 1lb. The HCl measured in the
stack gas during the particulate sampling period (12:35 to 16:45 hours)
was 17.3 ppm by volume. Assuming that the amount of chlorides measured
during this period was representative of the entire burn, we calculate
that 0.66 1lb of chloride was emitted, or 0.68 1lb as HCl. About 26% of
the total chlorides were emitted up the stack.

Ash Analysis

Entech was able to recover glass and metal components following thé
burn. The remaining ash had the following dry basis compesition wt %:

[
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Volatiles

Fixed carbon
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Aluminum as Al,0,
Calcium as CaPQ,
Calcium as Cao
Calcium as CaCl,
Iron asg Fe,0,
Magnesium as MgO
Manganese as Mno
Sodium as Nacl
Zinc as Zno
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These numbers were calculated from the values in Table 8, About 77% of
the ash was accounted for. We believe that the inorganic insolubles are
silica and other components that do not readily dissolve in the acid
digestion.



CONCLUSIONS

1. Entech was able to segregate the material left after the December 3
and September 21 burns intoc ash, glass, and metal components.

2. Metal particulates (fronthalf) measured during the December 3 burn
were 0.00063 gr/dscf (1.44 mg/dscm) corrected to a 7% oxygen basis.

3. Hcl emissions, corrected to a 7% oxygen basis, averaged 22 ppm by
volume. There were no measurable SO, emissions.

4. Dioxins emissiong were 1.9 ng/dscm;. Furans emissions were 3.6
mg/dscm.

5. .There was one brief upset at 11:10 hours on December 3. This was
apparently the result of insufficient air supplied to the secondary
combustion system. The upset occurred during dioxin/furan sampling.

RECOMMENDATIONS

1. Regulatory agencies generally require a minimum of three particulate
metals and three Method 23 dioxins/furans measurements for compliance
evaluation. Because these burns are batch, only one measurement can be
taken per burn. Therefore, additional burns and measurements are
recommended.

2. Future dioxin/furan measurements should be at least four hours to
comply with recently developed rules (Federal Register, February 11,
1991)yfor MSW combustors. Because the test burns are batch and of short
duration, separate burns are recommended for gathering dioxin/furan and
particulate metal data.

3. Scrubbers or other acceptable pollution-controcl technolegy are
recommended for larger systems to control acid gas emissions, in
particular, HCl. For smaller systems, Entech should check with the
regulatory agency. Hydrochleric acid emissions are primarily due to
plastics in MSW waste.

4. The secondary combustion chamber can probably be operated at a lower
temperature (e.g., 1700°F, 927°C). This will save natural gas and still
achieve low CO emissions, low particulates emissions, and minimal
dioxin/furan emissions. A test is recommended.

5. Diagnostic tests are recommended aimed tc determine the causes of the
occasional upset that occurs. oOne established cause is insufficient air
oxygen to the secondary combustion chamber. A stack oxygen monitor tied
into a control system is recommended. The contrecl system can increase
the air supply if oxygen drops below, for example, 2%.
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Table 1. Federal Standards for Large (>250 ton/day) Municipal Solid
Waste Combustors

Monitoring® Emission?®

Requirement Limit
Dioxins/furans annual stack test 30 ng/dscm
Particulate metals annual stack test 34 mg/dscm

(0.015 gr/dscf)

HCl annual stack test 30 ppm or 95% reduction
S0, 24-hr gecmetric mean 30 ppm or 80% reduction
co 4-hr average 50 ppm°
NO, 24-hr arithmetic average 180 ppm
Opacity 6-minute average 4 10% opacity 5

Cadmium, lead, mercury under consideration under consideration

All emission limits (except opacity) are on a 7% oxygen dry basis.

b 80,, CC, and NO, require continuous emission monitoring systems.
€ The emission limit for €O applies to modular starved and excess air
combustors. A coal and MSW waste incinerator has a 150 ppm CO limit.
4  Clean Air Act requires U.S, EPA to promulgate limits by November 15,
1%91. '
Table 2. MSW Burn, December 3, 1990
Light-cff time--secondary 08:35
Light-off time--primary 05:06
Shutdown time--secondary 16:45
Times natural gas fed to secondary 08:35 to 16:45
Times natural gas fed to bottom primary burner 09:06 to 12:24
Times natural gas fed to top primary burner none
Total natural gas used - -
MSW Loaded 1,739 1b; 10.7 yd3
bagged household waste (no tires) 1,489 1b
wooden pallets 250 1b

Material Collected After Burn

recovered metals 80 1b

recovered glass 99 1b; 2.4 £t3

ash 153 1b; 4.89 ft3
Barometric pressure 23.13 inches Hg
Weather clear; 3°F warming to 25°F
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Table 3. Secondary Combustion Emissions, December 3 Burn

Composition of Flue Gas Flue Gas
Time % 0, % CO, ppm CO ppm NO, ppm SO, Flow?, scfm
(wet basis)
08:35 10.3 6.1 5 11 <2
08:55 b b b b b
09:22 10.2 6.4 13 19 <2
09:50 11.7 5.6 3 30 <2
10:15 7.6 7.6 3 45 <2
10:45 7.8 7.5 5 40 <2
11:15% 2.9 10.1 65 76 <2
11:40 5.4 8.6 3 33 <2
12:15 6.4 8.2 13 31 <2
12:40 6.8 8.1 <2 22 <2
13:20 8.1 7.3 <2 19 <2
13:40 7.6 7.5 <2 19 <2
14:15 10.4 5,8 <2 22 <2
14:40 9.9 6.2 3 25 <2
15:00 106.8 5.7 <2 22 <2
15:2¢ 11.6 5.3 <2 19 <2
15:40 13.9 4.1 <2 19 b
16:00 b b b b b
16:15 15.8 3.2 3 19 <2
Average® 9.06 6.75 7 28 <2 [

Upset condition at 11:10 hours. Visible emissions, CO = 120 ppm.
Reading not taken at time indicated.
Average between 09:06 and 16:45 hours. On a 7% oxyden basis, €O = 9

ppm and NO, = 33 ppm. The upset condition at 11:10 hours is ignored
in computing the CO average.
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Table 4. Natural Gas and Air Feeds, December 3

Natural Gas? Air Input?
Bottom Top
Primary Primary Primary Secondary Secondary
Time Primary Secondary Turbulent Burner Burner Turbulent Burner

s

0

08:35
09:10
09:30
10:00
10:30
11:00
11:15
11:30
12:00
12:24
12:30
13:30
14:00
14:05
14:30
15:00
15:23
15:30
16:00
16:30
16:45

5/8 position

2 Natural gas flow is in cubic feet per minute at 20 psig. Barometric pressure is 23.13 inches Hq.
The air flows are in standard cubic feet per minute (70°F, 1 atm).

Reading not taken.



Table 5. Particulate and HCl Emissions from Secondary Combustiocn Unit,
December 3, 1990

Sampling times 12:35 to 16:45%
Sampling volume, dscf 123.8
Sampling volume, dscm 3.511
Average 0, vol % during sampling time 10.21
Average CO, vel % during sampling time 6.08
Total water collected, grams 85
Water, vol % 3.15

HCl, ppm (dry basis) 17.3

Fronthalf particulates, gr/dscf

as collected 0.000484

7% 0, basis 0.00063

12% C0, basis 0.00096
Backhalf particulates, gr/dscf

as collected <0.0004P

7% 0, basis <0.0005P

12% €O, basis <0.0008"

Total particulates, gr/dscf

as collected 0.000484

7% 0, basis 0.00063

12% Co, basis 0.00096
Calculated fronthalf particulates during burn, 1lb 0.03
Calculated total particulates during burn, lb 0.03

8 pPogition charged from east-west to north-south traverse at 14:30.

b No measurable backhalf.
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Table 6. Fronthalf Particulate Elemental Analysis

Concentration
Filter Acetone Wash, in flue gas®, 7% 0, basis®,
Element mg mg mg/dscm mg/dscm
Ag <0.0007 <0.0007 <0.0002 <0.0003
Al 0.164 0.009 0.049 0.064
As <0.01 <0.,01 <0.003 <0.004
B 0.033 <0.002 0.01 - 0.012
i Ba 0.004 <0.001 0.0011 0.0015
Be <0.0002 <0.0002 <0.00006 <0.00008
Bi <0.01 <0.01 <0.003 <0.004
Ca 0.85 <0.2¢ 0.24 0.31
o cd 0.015 0.001 0.0046 0.0059
Co <0.0007 <D.0007 <0.0002 <0.0003
Cr <0.0008 0.0008 0.0002 0.0003
Cu 0.003 0.002 0.0014 0.002
Fe 0.10 <0.02¢ 0.028 0.037
K <5 <5 <2 <2
Li 0.002 <0.001 0.0006 0.0007
Mg 0.040 0.038 0.022 0.02¢9
Mn 0.003 <0.003 0.0009 0.001
Mo 0.014 <0.001 0.004 0.005
Na 0.515 0.16 0.192 0.25
Ni <0.002 <0.002 <0.0006 <0.0008
P <0.1l <0.1 <0.03 <0.,04
. Pb 0.10 <0.005 0.03 0.04
Sb <0.01 <0.01 <0.003 <0.004
Se <0.01 <0.01 <0.003 <0.004
Sr 0.003 <0.0005 0.001 0.001
Th <0.005 <0.005 <0.001 <0.002
v <0.0008 <0.0008 <0.0002 <0.00023
Zn 0.299 <0.05° 0.085 0.11

Concentration in flue gas = filter + acetone wash divided by the dry
standard cubic meters of gas sampled (3.511 M3).

Concentration in flue gas ccrrected to a 7% oxygen basis.

Elemental analysis result less than a field blank. The field blank
result is given.
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o Table 7. Dioxin/Furan Analysis of Emissions from Secondary Combustion
Unit, December 3, 1SS0

Sampling times 09:25 to 11:50
Sampling volume, dscf 94.45
Sampling volume, dscm 2.68
Average O, vol % during sampling time 7.08
Average CO, vol % during sampling time 7.9
Total water collected, g 244.3
Water, vol % 10.9
Particulates collected on filter, mg 30.48
Total polychlorinated dibenzo-p-dioxin (PCDD)

collected, ng 5.14

o Total polychlorinated dibenzofurans (PCDF)

collected, ng 9.68
Total PCDD in final toluene quality assurance rinse, ng <0.11
Total PCDF in final toluene quality assurance rinse, ng ¢ <0.06
Dioxins (PCDD), ng/dscm, 7% 0, basis 1.92
Furans (PCDF), ng/dscm, 7% 0, basis 3.61
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Table 8. Ash Analysis Excluding Glass and Metal Components

Proximate Analysis (Procedure ASTM D 3172)

Sample 1 Sample 2
Moisture, % 1.2 1.3
s Volatiles, % 9.9 10.1
: Ash, % 86.3 85.8
* Fixed Carbon, % 2.6 2.8

s chloride in Ash

Chloride, mg/kg 12,300 {1.23%)

o ICP metal scan of acid digestion of ash, mg/kg

Insolubles 406,800
E Ag <7
Al 86,000
r As <100
B 450
Ba 890
Be <2
Bi <100
Ca 79,000
) cd <10
- co 12
Cr 130
Cu 330
e Fe 24,000
K <49,000
) Li 39
e Mg ' 7,700
Mn 1,000
e Mo <10
Na 2,800
Ni 29
= P 1,100
Pb 490
o sk <100
Se <100
Sr 210
_ Th <50
' v 36
Zn 3,100
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Figure 1. Entech Thermal Oxidation System Showing the Location of
Thermocouples
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APPENDIX A

MSW Burp August 21, 1990
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DISCUSSION OF AUGUST 21, 1990 BURN

Entech personnel placed 1,837 1b of municipal solid waste (MSW)
obtained from the Laramie landfill inte the primary combustion chamber
for the August 21, 1990, burn. The secondary combustion chamber was
preheated starting at 09:35 hours. Primary combustion chamber light-off
time was 10:20 hours. The burn continued until at least 16:40 hours;
then, the secondary combustion chamber natural gas supply was turned off.
A total of 6,600 cubic ft of natural gas was consumed for the burn.
After the burn, the residual material was separated into glass (41 lb),
metal (97 1lb), and ash (197 1lb) components.

Entech provided WRI with copies of data recorded during that burn;
these copies are also presented in the following pages. WRI commentary

on this information is as follows:

1. Temperatures

Peak primary combustion chamber temperature recorded was 1,400°F
(782°C) at location T, at 14:25 hours. After this time, primary
combustion chamber temperatures began to cool, indicating the burn was
almost over. The secondary combustion chamber natural gas and air supply
was turned off sometime just before 16:50 hours. The ash cooled to about
100°F (38°C) by 07:40 hours the next day. The pitot tube normally used
to measure stack gas flow was not used at all for this burn. Temperature
T,; (the thermocouple was attached to the pitot tube) remained low, and
showed that the pitot tube was not inserted intc the stack.

2. Enerac 2000 Analyzer readings on Stack Gas

Recorded carbon monoxide readings were in the 3 to 30 ppm range,
except for upset conditions at 11:22, 11:38, and possibly 14:10 hours.
The first upset (11:22 and 11:38) was caused by deliberate shutdown of
the secondary combustion chamber so a potential client could observe the
effects (smoke from the stack). It is not clear if there was an upset at
14:10 hours, other than a CO reading of 128 ppm at that time and another
CO reading of 9 ppm at 14:11.

Recorded NO, measurements were between 71 and 92 ppm. The limit of
detection fer SO, was 2 ppm; no SO, was measured. There was no record of
any check of the Enerac 2000 analyzer with available calibration gases
(CO, $0,, NO,) other than a reading of 20.9% oxygen in ambient air.

3. Air Flows and Natural Gas Consumption

The total natural gas consumption was At 16:00 hours,
Entech recorded a natural gas consumption rate of .- -

16:06 hours).

The anemometer readings for air imput were also recorded (ft/min).
To convert these numbers to scfm per minute of air (assuming an air
temperature of 60°F and 23 inches Hg), the following multipliers should
be used:

Pod Air (Primary turbulent air):
Pod Burn Air (Primary burner air):

21



Secondary Burner Air:
Air Ring (Secondary Turbulent):
The secondary combustion chamber exhaust flow was not measured. As a

rough approximation, it is equal to the sum of the air flows and natural
gas flows plus an additional 10% to allow for water vapor.

For example, at 11:45 hours, the calculated primary turbulent,

primary burner, secondary burner, and secondary turbulent air flows were

, respectively. Assuming a natural gas flow of

14 scfm, the calculated stack gas flow is _ At 14:50 hours, the
calculated stack gas flow is - scfm. -

During the earlier stages of the burn, very little turbulent air was

supplied to the primary combustiocn chamber . Toward the
end of the burn, much mocre air was supplied .

22
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APPENDIX B
Data Sheets Used in Field Operations

During December 3, 1990 Burn
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APPENDIX C
Triangle Laboratories
Dioxin/Furan Summary Sheets

December 3, 1990 Burn
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TRIANGLE LABCRATORIES, INC.
801-10 CAPITOLA DRIVE
RESEARCH TRIANGLE PARK, NC 27713

Phone: (919) 544-5729
Fax: (819) 544-5491

RDATE : * 086 FEBRUARY 1991

CLIENT ID : * WESTERN RESEARCH INSTITUTE
P.O. EUMBER : * 110640

TLI PROJECT No. : x 17180M

CASE NARRATIVE
MODEL 8290X

E22222 222222 220 2222822 2 222222 2 R RS SR S e

¥
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¥
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.....

Two MM5 samplies were received from WESTCON RESEARCH INSTITUTE in
good condition December 18, 1980 and stored in a refrigerztor at
40C, The samples were extracted and analyzed according to
procedures described in the Triangle Labs User Manual provided
with this data package. Any particular difficulties encountered
during the sample handling by Triangle Labs will be discussed 1in
the QA/QC remark section below.

Quality Assuranhce/Quality Control Samples

A laboratory method blank -- identified as the TLI Blank -- s
prepared aiong with the batch of samples.

QA/QC Remarks

The release of this particular set of WESTCON RESEARCH INSTITUTE

analytical data by Triangle Labs was authorized by the Quality

assurance Officer who has reviewed each sample data  package
individualiy following a series of inspections/reviews conducted

at twoe other levels of the data production line. When applica-
bie, general deviations from acceptablie QA/QC reguirements are
identified below. Comments on the effect of these deviations

upon the validity and reljabiiity of the results can be obtained
from the User Manual (Data Quality Objectives; Secticn 5).
Specific QA/QC Problems Associated with this Particular Project
are:

Sampie Preparation Laboratory: None
Mass Spectrometry: None
Datz Review:

Analytes were found in the TLI Blank at levels less than one-
third the calculated theoretical method guantitation 1imit (TMGL)
for +the associated samples. Blank contamination levels of one-
thirgd TMQL or less are acceptable under TLI guideliines, as- dis-
cussed in section 5.1.3.2 of the Data User’s Manual; however, the
OChD iscmer is not required to conform to one-third TMQL crite-
ria.

Some samples in this project present QC ion instabilities as a

result of guantitative interferences. The affected isomers are
flagged "Q®“ on the report. Affected analytes may be overestimat-
ed or underestimated due to this 1interference. Quantitative

interference 1is described in section 5.1.2.4.1 of the Data User’s
Manual.

Sample 12-3-3%0 RUN # 1 (TLI # 29-150-1 A,B,D) has a dipheny?
ether peak in the DB-225 analysis which corresponds to the 2378-
TCOF analyte peak , flagged "E". The 2378-TCDF and the Total
TCDF concentrations may be overestimated.
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TRIANGLE LABORATORIES, INC.
PCDD/PCDF 2378X ANALYSIS (a)

Page 1 f 2

02/06/91

FILE HAME....: S910463 CLIENT.......: WRI TLI SAMPLE ID.: %
CONCAL.......: S910458 SAMPLE ID....: 12-3-90 RUN #1

ANALYST......: ANALYSIS DATE: 01/24/9t PROJECT NUMBER: 17180M
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: MM5 DATE RECEIVED.: 12/28/89
ICAL DATE....: 11/29/90 SAMPLE ORIGIN: n/a DATE COLLECTED: / /
SPIKE FILE...: SPX23710 CLIENT PROJECT: n/a
HAME AMT(ng ) NUMBER oL EMPC RATIO RT FLAGS
2378-7CDD ND 0.04 .
12378-PeCDD ND 0.09 ___
123478-HxLDD ND 0.1 L
123678-HxCDD ND 0.1 ___
123789-HxCDD ND 0.1 o
1234678-HpCDD EMPC 0.47 L
CoD 2.6 0.90 51:47 -_B3.
2378-TCDF 1.1 0.74 30:24 .
12378-PelDF 0.12 1.78  35:10 L
23478-PeCDF 0.22 1.39  36:07 L
$23478-HXLDF 0.37 1.23  40:12 r
123678~HXCDF 0.17 1.26  40:23 .
234678-HxCDF 0.21 1.19  41:11 It
123789-HxCDF ND 0.1 —
1234678-HpCDF 0.39 1.06  44:52 o
1234789-HpCDF ND g.2 .
OCDF EMPC 0.36 _
TOTAL TCDD 0.75 4 0.78 0.76 _
TOTAL PeCDD 0.46 2 0.75 1.58 .
TOTAL HxCDD 0.99 3 1.23 L
TOTAL HpCDD 0.34 1 0.81 0.92 L
TOTAL TCDF 6.3 12 6.9 0.75 L
TOTAL PeCDF 1.7 8 2.8 1.62 L
TOTAL HxCDF 1.2 5 1.24 _
TOTAL HpCOF 0.48 1 0.66 1.06 L

* 39-150-1 A,B,D

Reviewed By:
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TRIANGLE LABORATORIES, INC. Page 2 of 2

PCOD/PCDF 2378X ANALYSIS (a) QA/QC SUMMARY 02/06/91
FILE NAME.,..: 5910463 CLIENT....... i HWRI TLI SAMPLE ID.: =
CONCAL....... ;5910458 SAMPLE ID....: 12-3-90 RUN 41
ANALYST......: MCC ANALYSTS DATE: 01/24/91 PROJECT NUMBER: 17180M
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: MM5 DATE RECEIVED.: 12/28/89
ICAL DATE....: 11/29/90 SAMPLE ORIGIN: n/a DATE COLLECTED: /

SPIKE FILE...: SPX23710

CLIENT PROJECT: n/a

e o e o o o - — T T A o e T W Ak v o e o -

e T T T e e e e R e E T T e e m A m R E A e e m M m T e Em e m T .-

NAME AMT (ng ) % REC. RATIO RT FLAGS
ATCY-TCDD 9.2 92.3 31:12 -
13C12-PelDF 234 9.4 93.6 1.48 36:06 .
13C12-HxCDF 478 9.6 96,1 0. 49 40:12 —
13C12-HxCDD 478 8.2 91.6 1.14 41:21 _
$13C12-HpCOF 789 9.0 90.3 0.46 47:03 o
ALTERMATE STANDARDS RECOVERY SUMMARY (TYPE A )
HAME AMT (ng ) % REC RATIO RT FLAGS
13C12-HxCOF 789 6.1 61.2 0.53 42:19
13C12-HxCOF 234 6.5 64.8 0.53 41:09 _
INTERNAL STANDARDS RECOVERY SUMMARY
HAME AMT (ng ) % REC RATIO RT FLAGS
13012-2378-7LDF 5.1 61.3 0.75 30:22 -
13C12-2378-7C0D 6.7 66.7 0.79 31:10 N
13C12-PeCDF 123 5.3 53.0 1.44 35:08 _
13C12-PeCDD 123 4.4 44.5 1.50 36:35 .
13C12-HxCDF 678 7.0 702 0.51 40:21 .
13C12-HxCOD 678 2.0 79.6 1,22 41:29 .
13C12-HpCDF 678 5.4 54,2 0.45 44:50 .
13C12-HpCDD 678 5.9 59.3 1.10 46:23 .
13C12-0CD0D 11.2 55.8 0.93 51:47 -
RECOVERY STANDARDS RECOVERY SUMMARY
NAME RATIO RT FLAGS
13C12-1234-7CDD 80 30:58 L
13C€12-HxCDD 789 1.22 41:58 _
* 39-150-1 A,B,D

———— - e e e e e e e e e S sme— me—-
Reviewed By: | <:Lfn 2/ 6/%1) X237_RPT 3.04, LARS Version 3.18.05
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TRIANGLE LABORATORIES, INC. Page 1 of 1

CONFIRMATION ANALYSIS (DB-225) 02/06/91
FILE NAME....: 7910459 CLIENT.......: WRI TLI SAMPLE ID.: *
CONEAL. ......: 1910447 SAMPLE 1D....: 12-3-90 RUN #1
ANALYST......: MTB ANALYSIS DATE: 01/27/81  PROJECT NUMBER: 17180M
| SAMPLE SIZE..:  4.00 SAMPLE MATRIX: MM5 DATE RECEIVED.: 12/28/90
ICAL DATE....: 81/23/91  SAMPLE ORIGIN: n/a DATE COLLECTED: / /
SPIKE FILE...: SPCZNF10 CLIENT PROJECT: n/a
NAME AMTEng }  NUMBER DL EMPC RATIO  RT  FLAGS
2378-7CO0 EMPC 0.03
2376-TCDF EMPC 0.18 =
TOTAL TCDD 8.72 5 0.79 0.78 L
TOTAL TCOF 6.5 23 6.7  0.78 £

SURRUGATE STD. RECOVERY SUMMARY (TYPE A)

. o o i e e e . P St . e S e S, . o e e e e e o . -k o A T e o o - - e S e - = i e i —— — ——

HAME AMT (ng ) % REC. RATIO RT FLAGS
37C1-TCTD 8.5 95.3 22:05 L

INTERRAL STANDARDS RECOVERY SUMMARY

e e o S e S i i e . T T o T It o i - — . - ——— - o "B e o o e - ———— — —— -

NAME AMT (ng ) % REC. RATIO RT FLAGS
13612-2378-TCOF 7.3 73.0 0.79 23:28 L
12C12-2378-TCDD 7.7 77.1 0.82 22:04 ___

RECOVERY STARDARDS RECOVERY SUMMARY

i el = Aot i st et e s e NS i g i o Y

NAME RATIO RT FLAGS
13C12-1234-7C0D 0.84 22:21 .

* 3%-150-1 A,B,0

Reviewed By: ! cjic' 2/ 6/%. C2NF_RPT 3.02, LARS Version 3.18.05
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FILE HAME.... : 53910462

TRIANGLE LABORATORIES,

INC.
PCDD/PCDF 2378X ANALYSIS (a)

Page {1 of 2
02/05/91%

CLIENT.......: TLI SAMPLE ID.: n/a
CONCAL. ...... : §910458 SAMPLE ID....: TLI BLANK
ANALYST......: MCC ANALYSIS DATE: 01/24/91 PROJECT NUMBER: 17180M
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: n/a DATE RECEIVED.: / /
ICAL DATE....: 11/29/90  SAMPLE ORIGIN: n/a DATE COLLECTED: / /
SPIKE FILE...: SPX23710 CLIENT PROJECT: n/a
RAME AMT(ng ) NUMBER DL EMPC RATIO RT  FLAGS
2378-TCDD ND 0.02 -
12378-PeCDD ND 0.04 _
123478-HxCDD .05 1,31 41:24 @
123678-HxCDD ND 0.04 L
123789-HxCDD 0.03 1.43  42:01 Q@
1234678-HpCDD ND 0.07 _
OCDD EMPC 0.27 .
2378-TCDF ND 0.02 -
12378-PeCDF ND 0.03 _
23478-PeCOF ND 0.03 _
123478-HxCDF 0.10 1.10  40:15  ___
123678~HxCDF ND 0.03 _
234678-HXCDF 0.07 1.27  41:12 @
123789-HxCOF EMPC 0.08 _
1234678-HpCOF ND 0.04 ___
1234785-HpCDF ND 0.06 _
OCDF ND 0.1 _
TOTAL TCDD ND 0.02 -
TGTAL PeCDD ND 0.04 —
TOTAL HxCDD 0.08 1.37 Q.
TOTAL HpCDD ND 6.07 o
TOTAL TCDF ND 0.02 _
TOTAL PeCDF ND 0.03 _
TOTAL HxCDF 0.18 0.24 1.19 f<%
TOTAL HoCOF ND G.05 .
Reviewed By: ! Kv  2/5 /9" X237_RPT 3.04, LARS Version 3.18.05
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TRIANGLE LABORATORIES, INC. Page 2 of 2

PCDD/PCDF 2378X ANALYSIS (&) QA/QC SUMMARY 02/05/91
FILE NAME....: 5910462 CLIENT....... T WRI TLI SAMPLE ID.: n/a
CONCAL.......: 8910458 SAMPLE ID....: TLI BLANK
ANALYST......: MCC ANALYSIS DATE: 01/24/91 PROJECT NUMBER: 17180M
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: n/a DATE RECEIVED.: /7
ICAL DATE....: 11/29/90 SAMPLE ORIGIN: n/a DATE COLLECTED: /7
SPIKE FILE...: SPX23710 CLIENT PROJECT: n/a

o . o e e T Y . P W T St R T g Y M e S e M e e S SR m M o e S et A e G M N

Mk e - W - A ML S N A dm e A Ms W = = TR v v o e AL S MR o o o Ak M AL A Mmoo e e e e e e

HAME AMT (ng ) %X REC. RATIO RT FLAGS
37CY-TCDD B.1 80.6 31:12 ___
13C12-PeCDF 234 10.0 99.6 1.46 36:06 -
13C12-HxCDF 478 9.8 97.7 0.52 40:14 _
13C12-HxCDD 478 7.9 79.4 1.20 41:23 -
13C12-HpLDF 789 8.1 B1.2 0.44 47:03 -

ALTERNATE STANDARDS RECOVERY SUMMARY (TYPE A )

T — " v T L o . Pl - . A Ak e L e "

NAME AMT (ng ) % REC.  RATIO RT FLAGS
13C12-HxCOF 789 2.5 24.9 0.52 42:21 Vs
13C12-HxCDF 234 3.9 39.3 0.51 4a:11 - QV
INTERNAL STANDARDS RECOVERY SUMMARY

NAME AMT (ng ) % REC RATIO RT FLAGS
13C12-2378-TCDF 2.4 23.8 0.77 30:22 v
13€12-2378-TCDD 2.9 28.7 0.79 31:10 v
13C12-PeCOF 123 2.5 25. 1 1.44 35:09 v
13C12-PeCDD 123 2.9 28.8 1.55 36:36 %
13C12-HXCDF 678 3.2 31.5 0.50 40:24 v
13C12-HxCDD 678 5.0 50. 1 1.18 41:31 o
13C12-HpCOF 678 2.6 26.4 0.45 44:51 o
13C¥2-HpCDD 678 3.0 29.8 1.03 46:23 L
13C12-0CDD 4.8 24.0 0.81 51:47 N
RECOVERY STANDARDS RECOVERY SUMMARY

NAME RATIO RT FLAGS
13C12-1234-TCDD 0.82 30:58 L
13C12-HxCDD 789 1.20 41:59

Reviewed By: | Kv /S /9(! X237_RPT 3.04, LARS Version 3.18.05
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TRIANGLE LABORATORIES, INC. Page 1 of 2

CDD/PCDF 2378X ANALYSIS (b) 01/30/91
FILE NAME....: 5910475 CLIENT.......: WRI TLI SAMPLE ID.: 239-150-1C
CONCAL....... : S810472 SAMPLE ID....: 12-3-90 RUN #1
ANALYST...... : CD ANALYEIS DATE: 01/25/91 PROJECT NUMBER: 1T7180TR1
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: TOL RINSE  DATE RECEIVED.: 12/18/90
ICAL DATE....: 11/29/90 SAMPLE ORIGIN: n/a DATE COLLECTED: /7
SPIKE FILE...: SPX2372K : CLIENT PROJECT: n/a
HAME AMT{pg )} NUMBER DL EMPC RATIO RT FLAGS
2278-TCDD ND £.0 -
12378-PeCDD RD 15.2 .
123478-Hx{DD KD 20,1 _
122678-HXCDD ND 21.6 -
12378%-Hx{DD ND 22.8 _
1234878-HpCOD ND 57.1 .
oCDD ND 157 —_
23785-7CDF KD £.2 -
12378-PalDF ND g1 .
2347B-Pelhr ND i0. 1 -
123478-HxCOF ND 17.8 —_
123878-HxCDF ND 12.3 —_
234678-HxCDF ND 15.7 _
123788-HxCDF ND 19.4 —
1234678-HpCOF ND 22.% _
1234TES-HpCDF ND 36.17 —_
OLDF ND 136 -
TOTAL TCTD ND §.0 -
TCiAL PeClD EMPC 27.¢ _—
TOTAL H¥xZDD ND 21.7 _
TOTAL HpCDD ND £T.t _
TOTAL TIDF ND £.2
TOTAL PallF O . —
TOTAL nxCOF ND 4L L -
TOTAL HoUDF HD 2.0 _
Reviewed By: | < 1 /3l 0 X23T_RPT 3.04, LARS Version 3.18.C5
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TRIANGLE LABORATORIES, INC, Page 2 of 2

PCDD/PCDF 2378X ANALYSIS (b) QA/QC SUMMARY 01/306/91
FILE NAME....: 5910475 CLIENT.......: WRI TLI SAMPLE ID.: 39-150-1C
CONCAL....... : 8910472 SAMPLE ID....: 12-3-90 RUN #1
ANALYST......: CD ANALYSIS DATE: 01/25/91 PROJECT NUMBER: 171E807TR1
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: TOL RINSE DATE RECEIVED.: 12/18/90
ICAL DATE....: 11/29/90 SAMPLE ORIGIN: n/a DATE COLLECTEL: S
SPIKE FILE...: SPX2372K CLIENT PRQJECT: n/a

RNt v 5. . - A G N gm mm e N e e e e T e M M e e e M T W A e e e - e - e e Em AR e

T —— ] L i o o - i ok A . T o 8 AL MR s e Ak A — e = e s e e A — — — — = — — — — - ——-
o R ok ke o i . e et " = o e A+ A R =k A e o — - ————

MAME AMT (pg ) % REC. RATIO RT F_AGS
3721-7S0D 1460 73,1 31:09 L
13012-PeCDF 234 1200 60.2 1.44 36:04 —
13C12-HxCDF 478 2330 116 0.50 40:12 o
13032-HXCDO 478 2310 116 1,24 41:21 _ﬂ_
13C12-HpCDF 789 1120 55,8 0.46 47:02 _

ALTERNATE STANDARDS RECOVERY SUMMARY (TYPE B )

o o - e 7 ke Ak A A W M N = R e o e e e AR MR AR s ek R EE W o ek A o = = ek e e e e = = e = A

NAME AMT (pg ) % REC. RATIO RT FLAGE
13C12-HxCDF 789 1290 64.6 0.57 42:19 L
13C12-HxCDF 234 1560 77.8 0.51 41:09 .

INTERNAL STANDARDS RECOVERY SUMMARY

¢ —— 7 = o e - = = = A - = —— - o= = e = YE Wm e e M Tm T e A o b A AR A e o de e

e ittty s SR g

NAME AMT (pg ) % REC. RATIO RT FLAGS

13C12-2376~-TCOF 1450 72.6 0.76 30:21 L

13C12-2378-7C0D 1760 87.8 6.77 31:08

13C12-PelDF 123 1490 74.3 1.42 35:06

12C12-PelD3 123 1280 65.8 1,42 36:34

13C12-HxCD® 678 2550 12¢ G.51 4C: 22

13012-Hx00D £7% 2830 T4z 1,32 41:0%

33012-HDTDF €78 1470 72,7 .4l 44749

13C12-4H5CT00 678 132¢ 6.2 1.08 46: 2

$3C12-0C50 1500 27,5 0.81 £1:44

AECOVERY STANDARDS RECOVERY SUMMARY

KAME RATIO RT SACS

13015-105%4-720D 0.8 20: 56

2307 2-0xC30 TE8C 1. 30 2158 .

Reviewed By: | gﬂfL /3y NE3T_RPT 3.04, LARS Version Z.1£.03
4
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TRIANGLE LABORATORIES, INC. Page 1 of 2

PCDD/PCDF 2378X ANALYSIS (b) 01/30/91
FILE NAME....: S910473 CLIENT....... © WRI TLI SAMPLE ID.: n/e
CONCAL....... : $910472 SAMPLE 1D....: TLI BLANK
ANALYST......: CD ANALYSIS DATE: 01/25/91  PROJECT NUMBER: 17180TR1
SAMPLE SIZE..:  1.00 SAMPLE MATRIX: n/a DATE RECEIVED.: / /
ICAL DATE....: 11/28/90  SAMPLE ORIGIN: n/a DATE COLLECTED: / /
SPIKE FILE...: SPX2372K CLIENT PROJECT: n/a
HAME AMT(pg ) NUMBER DL EMPC RATIO RT  FLAGS
2378-7CDD ND 16.6 _
12278-PellD ND 1.6 .
123478-HxCDD ND 2.6 ___
123678-HxCOD ND 45.7 _
123789-HxCDD ND 50.4 —
1234678-HpCDD ND 121 _
oCO5 ND 293 _
2378-TCDF ND 14.0 _
12378-PeCOF ND 20.6 _
23478-PeCDF ND 22.9 _
123478-HxXCDF ND 28.0 _
123678-HxCDF ND 29.2 _
2348§78-HXCDF ND 37.3 _
123789-HXCDF ND 46.1 _
1234678-HpCDF ND 48.7 _
1224789-HpCOF ND 79.3 _
OCDF ND 253 _
TOTAL TCDD ND 16.6 .
TOTAL PeCDD ND 31.6 _
TOTAL HxCDD ND 46.0 _
TOTAL HpCDD ND 121 -
TCTAL TCOF ND 14.0
TOTAL PelDF ND 21,7 -
TGTAL HeCDF ND 33.¢ _
TGTAL HOCDF ND 6C. 2 _
———————— e e ——
“eviewed By: ° A L /30 /4 ' ¥237_RPT 3.04, LARS Version 3.18.0%
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TRIANGLE LABORATORIES, INC. Pe.e 2 ~F 2

PCDD/PCDF 2378X ANALYSIS (b) QA/QC SUMMARY G1/3C/91
FILE NAME....: S910473 CLIENT.......: WRI TLI SAMPLE 1D.: n/a
CONCAL.......: 5910472 SAMPLE ID....: TLI BLANK
ANALYST......: €D ANALYSIS DATE: 01/25/91 PROJECT NUMBER: 17180TRY
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: n/a DATE RECEIVED.: /7
ICAL DATE....: 11/29/90 SAMPLE ORIGIN: n/a DATE COLLECTED: o/
SPIKE FILE...: SPX2372K CLIENT PROJECT: n/a

[ =pmagp=enfipemieaee e e e e st nsniptnipumrefuredp=utoce sl sttt st edn e st e iyt

- ! o " T~ e AR - —— e ik A T T W o b . Mm = M em e AR T o R R o o o Al Ak AL A ek
s T T e e e v b ., o e e o " = o = o = o T = o e - . = = s = o= = = = o —————

HAME AMT (pg ) % REC. RATIO RT FLAGS
3781-7CDG 958 47.8 31:10 L
$3C12-PeCDF 234 784 39.7 1.49 36:06 N
13C12-HxCDF 478 1260 £2.8 0.51 40:13 .
13C12-HxCDD 478 1300 65.1 1.11 41:22 _
13C72-HpCOF 789 633 21.6 C.50 47:02 L

ALTERRATE STAHDARDS RECOVERY SUMMARY (TYPE B )

" " o — i " . S T 0 o, ot o 1n ot o =m . A AR me A e o A mm e i e o = — -

RAME AMT (pg ) % REC RATIO RT FLAGS
13C12-HXCOF 789 743 37.2 0.57 42:20 v
13C12-HxCDF 234 817 40.9 0.47 41:10

INTERNAL STANDARDS RECOVERY SUMMARY

==t ruiGdpumstn gt s hvaavsfetd e ettty e st es St g reaounrru b

NAME AMT (pg ) % REC RATIO RT FLAGS
13C12-2378-TCOF 907 5.3 0.68 30:21 -
13C12-2376-TC0D 1190 59.6 .79 31:00 _
13C12-PeCOF 123 922 46.1 1.39 35:08 .
13012-PeCDD 123 527 46. 4 1.61 36:3¢% o
13C12-HxCDT 678 1270 £3.7 .59 40:23 ___
13032-HxCDD €78 1599 5.2 1.25 41:20 _
13015-HpCDF £7¢ £08 40.5 0.4 4a:49 .
12072-HpEDT €78 742 37.2 1.02 46:22 _
13€12-0200 055 3.0 0.8¢ 51:45 v

RECCOVERY STANDARDS RECOVERY SUMMARY

NAME RATIO PT FLAGT
13C12-1234~TCDT 0.81 30:57

13215-HxCDG T8 1.18 4158

Reviewed By: | L‘;ZL 1 /329 X23T_RPT 3.04, LARS Version 3.i£.0f
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Analysis Datn....:
Instriment. .. ... .

Analytns
Total MODF
Total MCDD
Tatal ACOF
Total penn
Tatal TriCOF
Total Trighn
2378-TCOPF
TOTAL TCOF
237TS-ThN
TOTAL TCDR
I23TE8-PrlDP
25478~ PolDiF
TOTAL PrCDF
12378 -Pellii}
TOTAL Pefid
J22478-Hx{HF
123RTE-ExCDF
2348TS-HxONF
133789 -HxOOF
TOTAL HxChHP
322478 -8x000
I2ZRT7R-"xONND
123789-Hx{INNH
TOTAYL HxinD
12248678-HpCOF
3224T39-HpOnF
TOTAL HpODF
T224A78-HpCiD
TOTAL HpCDD
[t

acn

Other Standards
A7CE-TeDn

I3C12-PrCNF 234
TICI2-HXCOF 478
IRACI2-BxCDF 234
13C12-HxCBF 789

TACI2-HxCOD 478
T23C12-UHpCRF 729

Internnl Stanciards
12C12-2298-TCNF
12012-2272-TCNN
12612-PrfiDF 123
12C12-PeDD 123
1ACTI2-HxONP R7E
13C12-BuCDN /78
13C12-HpCNF 678
1a012-Apenn 878
12C12-00nD

TRTANGLE LARORATORTES, ING.

Tnitinl Calibration Summary for SMN1129

11/28/90
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TRTANGLF LARORATORTES,

Initinl

Rerovery Standards  RF ED  %RSN
13012-1234-TCNN 1.000 0.000 0%
12C12-HxCDD 789 1.000 0.000 0%

“ﬁ *** BEnd of Reoport **x

48

RT

31:03

42:04

INC.

Calibration Summary for SM0O1129

RT/T.O RT/HT

Nate: 11,/29/90
Ratinl Ratin2 N
.808 5
1.197 5



Analysis Date. ...
Nperator. ...
Tnit Caltihration,
1Cal Mate........:

Analyte Summary
Kame

Tatal HCOF
Tatal MOCHH
Tatal BCRF
Total DOOD
Tatnl FTrilhF
Tatal TriChn
2378-TONF
TOUTAL TOOF
237E-TCON
TOTAL TCDD
12278-P(DF
22478-PclF
TOTAL PolfDF
12272-PrChiby
TOTAL PelDD
122472-HxCDF
123RTE-HxCDF
224678-HxCNF
1237 39-HONF
TOTAL HxCOF
122478-#xDN
122678-Hx(NN

122780 -Hx(CNN

TOTAL HxCDD

TRTANGLE LABORATORIES, ThC.
Continning Coalibhratinn far SO10458

0124791 Method. . ... M227
CAP Instrument. . : &
SMN1129 Std.Cone. .. _: 50.00
11./29/90
I¢al Delta
RF Batin RT RT Rnt. RT RF RF n
182 Ln/High
1.178 3.21 in:22
21:22
1.145 2.92 11:00
22:09
€§.297 .23 17:22
22:22
1.23% 1,59 14:09
23:09
8.776 1.09 21:22
26:22
0.5396 1.0t 22:09
27:09
1.930 0,72 28:22 an:22 1.0000 1.074 -0.124 -11.5%
24:22
¢.09530 0.72 1.074 -0.124 -11.5%
§.a800 0.78 27:09 "21:10 1.0005 1.135 ~-0.145 -12.8%
25:00
fL.090 0.78 1.135 ~-0.145 -12.8%
1.545 1.80 21:08 25:00 1.0005 1.405 0.1440 0.9%
25:08
1.274 1.82 26R:07 1.0280 1.266 0.108 2.5%
1.459 1.81 1.335 0.124 0n.2%
1.887 1.82 32:25 A36:26 1.0005 1.805 0.282 17.6%
40:325
1.887 Y .63 1.805 0.282 17.6%
1.542 1.10 36:232 A0:15.0.9967 1.5885 -0.022 -1.5%
44:23
1.425 1,14 a4n:24 1.0004 1.58058 -0.070 -4.6%
1.2 1 1M 41:12 1.0202 1.178 -0,1685 -14.0%
G.774 1,14 42:21 1.0487 0.952 -0.178 -18.7%
T.191 1.12 1.300 -0.109 -2 42
1.8 1.21 27:80 41:22 n.agaz72 1.248 -0.152 -12.2%
45:20
1.0%74 1.37 41:21 1.,.0004 1.1685 -0.091 ~-T7.84
0.a25 1.24 42:00 1.0120 1.0587 -0.132 -12.65%
1.022 1.27 1.157 -0.125 -10.8%

49




s

1234678-HpCDF
1234789-HpCDF
TOTAL HpOOF

1234678-Bninn

TOTAL HpCRD

TRTA

ither Standard Summary

Rome
3ICI-TCRD
13012-PeChF
1ZCI2-HODF
1301 2-HxCDF 2
IZCIZ-UxODF
12{12-ExCDN

12012-RpOnF

Internnl Standard

Name

12012-2378-TCOF
13C12-2398-TO00
12812-PcCOF 122

12012-PeCRD

122

FACI12-HxEDF 672
1aL13-HxOnn 72
1aCi12-HpoinF 678

1aCI2-Hpnn

10120000

NGLF LABDRATORTHS
Continuing Calihration

1.975 0.93 40:50 44:51
48:50

1.122 0.908 27:03

1.549 .04

1.194 1.M 42:0813 16: 24
50:23

1.194 1.M

1.662 0.83 AT:48 52:01
hH:46

1.817 0.85 AT7:460 51:47
55:48

RF Ratin RT RT

1&2 I.o/High

. 885 20:09 31:10
32:00

1.153 1.42 21:08 36:06
30:08

8.977 0.51 40:14

G.894 (.48 41:10

8.700% 0.53 42:20

N.779 1.12 41:23

N_696 N.45 A2:50 47:02
48:50

Summary

RF Ratin RT RT

152 La/High

1.70% 0.75 20:22 an:22
21:022

1.182 0.80 20:00 21:08
22:09

{.248 1,47 21:08  a5:02
an:0s8

0403 1.63 32:135 A6:358
40: 258

1.321 0.49 26:23 40:23
44:22

1.0%5 1,21 27:30 41:20
45:20

.21 .46 42:50 44:50
48:50

.708 1.02 45:22 36:23
47:23

0.425 0.89 49:46 51:44
532:44

50

™C.

Nate: 01/24/M

for SO10458
1.0004 1.9583 (:..022 1.1%
1.0494 1.199 ~0.077 -6.4%

1.5376 -0.027 -1.7%
1.0004 1.198 -0.004 -0.3%,

1.198 -0.004 -0.3%
1.0042 1.754 -0.092 -5.3%
1.0003 1.518 0.099 6.58%

1Ctal Neltn

Rnl. RT RF RF N
1.0005 1.015 -0.130 -12. 8%
1.0275 1.129 0.024 2.1
0.9963 0.957 0.020 2.1%-
1.0194 0.935 -0.041 -4 .4%
1.0483 0.780 -0.071 -9.1%
0.9972 0.8252 -0.074 -8.7%
1.04M 1.752 -0.057 -7.5%

1l Nelta
Rel. RT RF RF D
1.0000 1.784 -0.075 -4.2%
1.0000 1.081 0.107 G.0%
1.0000 0.908 -0.060 —é.ﬁ%
1.0000 N.516 -0.112 -22.0% —
1.0000 1.3n7 -0.066 -4.7%
1.0000 0.925 0.150 1R.2%
1.0000 1.015 -0.124 -12.2%
1.0000 0.727 -0.019 -2_6%
1.0000 N.368 0.0687 18.,2%

Flngs

23
n
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TRTANGIF LAROQRATNRIES, TNC. NDate:

Cantinuing Calibration for SO10458
fither Standard Summary Cal Delth
Name RF Ratian RT RT Ral., RT RF RF

142 La/High

13012-1234-TCHN 1.000 0.81 an:57 0.9936 1.000 0.000
1acI2-HxLHNR 780 i.000 1,27 41:59 1.0118 1000 0.000

QC Front FEnd Chork: 2.53684

51

01/24/Mm
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Unit
dscf
dscm
£t3
gr

gr/dscf

inch Hg
L

1b

mg
mg/dscm
mg/kg
ng
ng/dscm

ng/Nm?

ppm
psig
scfm

yd?

dry
dry
cub
gra

gra
m

inc
1it
pou
mil
mil
mil
nan
nan

namn

0

par

pou

sta

cub

| ABBREVIATIONS

Meaning
standard cubic feet
standard cubic meter
ic feet
in (grain = 1/7000 1b)

ins per dry standard cubic feet; to convert to
g/dscm, multiply by 2288.

hes of mercury; a unit of pressure
er

nd

ligram

ligrams perrdry standard cubic meter
Ligrams per kilcocgram of solid

pgrams (109 nanograms = 1 gram)
ograms per dry standard cubic meter

pgrams per dry standard cubic meter normalized to a
even volume percent oxygen

ts per million by volume
nds per square inch gauge pressure
ndard cubic feet éer minute (at 70°F and 29.92 in Hg)

ic yard
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On December 5 an

SUMMARY

d December 7, 1990, whole used automobile tires were

incinerated in the Entech thermal oxidation demonstration plant lccated
at Western Research Institute’s north site, just north of Laramie,

Wyoming. The Dece

‘ber 5 burn combusted 1,000 1b of tires, and the

December 7 burn co#busted 1,400 1lb of tires. A proprietary pellet
material, supplied by BECO Engineering and packaged in 1-1b bags, was
placed among the tires before the start of the December 5 burn in hopes
of controlling acid gas emissions.

Once the burns
combustion chamber

were underway, the gases leaving the primary
had enough combustible heat content such that the

secondary combustidn chamber could be operated for a pericd without

feeding natural gas
(1377°C) and 2230°F
chamber for the tw
condensed as a liqui

as supplementary fuel. Temperatures up to 2510°F
(1221°C) were reached in the secondary combustion
o respective burns. Hydrocarboeons, which can be
d at ambient temperature, accounted for most of the

combustible heat content of the primary combustion chamber gases entering

the secondary combus
hydrocarbons (e.g.

tion chamber _) . Noncondensable

;, carbon monoxide, methane, ethylene, propene)

accounted for the remaining part of the combustible heat content

Btu/scf or less).

sulfur dioxide e

igsion factors were 0.010 and 0.0038 1b 50,/1b tires

for the December 5 and December 7 burns, respectively. Possibly as much

as 90% of these su
condensable combusti

fur dioxide emissions originated as part of the
#les that entered the secondary combustion chamber.

There was apparently very little acid gas formation (e.g., H,8, S0,) in

with the BECO pellets. Most of the sulfur was carried by either

the primary combustion chamber; therefore, there was nothing to react

vaporized or fine d‘oplets of hydrocarbons. The higher sulfur dioxide

emission factor for

damper {(collar).

the December 5 burn was apparently due to a broken

There were brief periods of upset during each burn where emissions

were visible. Both

upsets were apparently caused by insufficient air

being supplied to the secondary to react with all of the combustibles.

Fronthalf particulat
of 0.0078 to 0.0085
During an upset pe
{(uncorrected for oxy

Regulatory langu

es, corrected to a 7% oxygen basis were in the range
gr/dscf for each burn during non-upset conditions.
riod, fronthalf particulates were 0.032 gr/dscft
gen) .

age for municipal solid waste incinerators considers

fronthalf particulates as particulate metals, but the actual metal

content of the front
than 10%. Carbon so

half particulates collected for these burns was less
bt was a major portion of the particulates collected.

Zinc was the major metal component of the fronthalf particulates; the

zinc measured 0.00
removed) contained be

06 to 0.0013 gr/dscf. Ash samples (steel belts
stween 13 and 38% zinc.
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INTRODUCTION

Entech Corporation contracted Western Research Institute (WRI) to
measure and analyze gas flows on an Entech thermal oxidation system using
whole tires as feedstock. Previocus tire burns were performed on August
29, September 28, and October 17, 1990, and these are described in Nordin
(1990a, b). This'feport describes the two tire burns performed on

|
December 5 and December 7, 15%0.

|
The specific purpose of these two burns was to (1) gather additional
air emissions data‘including particulates and sulfur dioxide, (2)
evaluate a technology claimed to reduce acid gas emissions, and (3)
further investigat% the discrepancy between the heat of combustion
calculated from gas |analysis and that calculated from a heat balance of
the primary and seco‘dary combustion chamber.
|
|

Regulatory age?cies recommend a minimum of three particulate

measurements for coppliance testing; engineers reviewing Entech data
recommended three identical burns. None of these conditions have been
met. Because of a proposed EPA requirement that at least 120 ft? of gas
should be sampled igokinetically for particulates, only one measurement
can be taken per burmn. In addition, conditiong were not identical to
tire burns performe‘ in the past (e.g., different air flows, different
numbers of automobile and truck tires.

Proprietary sorbent chemicals for acid gas removal were obtained from
BECO Engineering, Glenshaw, Pennsylvania. The chemicals in 1-1b plastic
bags are dispersed aﬁong the tires prior to the burn. The chemicals are
supposed to sorb sulkur dioxide and other acid gas species such that the
sulfur remains in [the ash (as sulfates). The chemicals have the
appearance of fertjilizer pellets and are alkaline. WRI received
assurances from BECO$through Entech that the chemicals would not create a

|

pollution problem (ne heavy metals, chemicals are inorganic in nature).

All tire burns %}rformed tc date have been characterized by a period
of at least cne houry during which combustion could be sustained in the
secondary combustion| chamber at temperatures greater than 1800°F (982°C)
without the additfion of supplemental fuel (natural gas). The
temperatures in the secondary chamber typically peaked near 2200°F
(1204°C) with a maximum of 2517°F (1381°¢C) during of the October 17 burn.
However, gas temperafures entering the secondary combustion chamber from
the primary unit were typically around 1100°F (600°C). A system heat
balance neglecting| heat loss suggests that the gases entering the
secondary combustion| chamber must have a heat of combustion content near
500 or 600 Btu/ft?. | However, primary combustion chamber gases sampled
and analyzed using a|gas chromatograph rarely exceeded a combustible heat
content of 100 Btu/flt3. We thought that the reason for the discrepancy
was because we had difficulties obtaining an uncombusted gas sample for
analysis; the gas was undergoing combustion as it was sampled. In
addition, hydrocarbon liquids that were combusted in the secondary
combustion chamber Eut were knocked out in the sampling line and cold
trap prior to the gas chromatograph were volatilized. For the December 7
burn, WRI set up a special cold trap to collect hydrocarbon liquids that
were volatilized in the primary combustion chamber gases.

1
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The burn dates

METHODS

were December 5 and December 7, 1990. For the

December 5 burn, the primary combustiocn chamber was loaded with 51

automobile tires

1,000 1lb) and 19 lb of BECO material. The BECO

material was contained in 1-1lb plastic packets and was dispersed among
the tires. The December 7 burn consisted of 73 automobile tires and no

BECO material. After preheating the secondary combustion chamber using
natural gas as fuelj the tires were ignited using the bottom burner in
the primary combustilon chamber. The bottom burner centinued to cperate

throughout the Dece
during the December

mber 7 burn. The top primary burner was not used
/ burn. Both the bottom and top primary burners were

used at various times (Table 1) during the December 5 burn.

As the two burns

progressed, the gases leaving the primary combusticn

chamber had enough heat content due to combustibles that they could be

combusted in the se

condary combustion chamber without the addition of

supplemental natuifl gas. When the temperature in the secondary

combustion chamber
fed to the secondary

ropped below about 1700°F (925°C), natural gas was
combustion chamber. Toward the end of the burn, the

air supply to the primary was increased about tenfold toc burn off the

carbon in the ash.
collected, weighed,

urn times are summarized in (Table 1). The ash was
nd analyzed following the burn.

Air and Natural Gas Measurements

1. Natural Gas

Natural gas was

measured using a gas meter servicing the system.

Natural gas gauge pressure was 20 psi. Laramie atmosphere pressure was
11.6 psi resulting in 31.%6 psi total natural gas line pressure.
According to Northern Gas of Wyoming, the heat content of the gas (14.73
psi, 60°F) varies from 1030 to 1060 Btu/ft® (dry basis), with an average

of 1045 Btu/ft? (dry
supply contains no m

2. Exhaust Gas

basis) or 1025 Btu/ft® (wet basis). The natural gas
easurable sulfur or nitrogen.

from Secondary

The gas flow was calculated from pitot-tube measurements,
temperatures (Figure 1, T..), pressure, and gas composition measured in

the

3. Air Flow to

stack.

Primary Combustion Burners

A hot-wire anemo

4. Turbulent Aj

meter in - line was used.

A hot-wire anemo

5. Alr Flow to

r Flow to Primary (excluding burner)

meter 1in a - line was used.

Secondary Burners

A hot-wire anemo

meter in a - line was used.




o

e

ponee,

6. Turbulent Air

The air velocit
anemometer in an .

Flow to the Secondary Combustion Chamber

v was measured at cne position using a hot-wire
duct. Because the velocity was not uniform

in this duct, a correction based upon the measuring position was applied
to calculate an average velocity in the duct. The correction factor was

calculated as follows
Position
1 1/2-inch vertical

6-inch vertical
10 1/2-inch vertical

Average Velocity:

Intake Louvers: open
Measuring Position: _ vertical, - horiz. an

(the numbers are air velocities in ft/min):

7 1/4-inch Horiz.
Position

4-inch Heriz.
Position

3/4-inch Horiz.
Position

downstream from blower exhaust _)

Correction Factor = --

There were nine holes drilled into the side of the _ duct,
Some operator-recorded velocities measured in different holes and at

different depths are
taken in hole number
factor was applied t
This correction fact

listed in Appendix A. Normally, measurement were
5 at a 4-inch horizontal pesition, and a correction
o convert this measurement to an average velocity.

or is - for measured velccities of _

greater. The correction factor increases for lower velocities.

7. Primary Combustion Chamber Pressure

This pressure was measured using an inclined water manometer.

Temperatures

Temperatures we
locations shown in F

re measured using thermocouples installed at the
igure 1. Thermocouple T,, was attached to the pitot

tube that was used to measure stack velocity. Appendix A and B contain a
record of temperature measurements recorded in the field. The

fluctuating value
fluctuated but that

of T,, does net mean that the stack temperature
temperatures were printed by a remote data logger

when the pitot tube was withdrawn from the stack.

Gas Analyses

l. Enerac 2000 Analvyzer

An Entech-owned Lnerac 2000 analyzer was used to measure O0,, CO,, CO,

No,, :

The analyzer was pex

(105 ppm CO in nitrogen; 50 ppm $0, in nitrogen and air).

correctly read the 1

and $0, from the secondary combustion unit for the December S burn.

iodically checked against several calibration gases
The instrument
05-ppm CO but did not read the 50-ppm sulfur dioxide

calibration gas at the start of the test. The results of the Enerac 2000

analyzer readings an

d gas flows calculated from pitot tube readings are
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listed in Table 2.
December 7 burn, exc
of the test.

LThe Enerac 2000 analyzer was inoperative for the
ept for a few carbon monoxide readings at the start

2. Gas Chromatograph Measurements

Samples of secondary combustion effluent were withdrawn from the
stack - above the secondary combustion chamber) using gas bombs.

These samples wer
chromatograph fitted

e injected into a Hewlett-Packard 5840A gas
with a flame ionization detector. This instrument

measured S§0,, H,S, CO0S, CS,, thiophene, 'and mercaptans to an accuracy of

one part per million

. . only sulfur dioxide was detected (Table 3). Gas

flows are listed in ?ables 2 and 4.

|
Gas was also conLinuously pumped from the primary combustion chamber

to a second gas chromatograph (Hewlett-Packard 5830A) that was programmed

to sample automatica
plugged from condens

obtained wasg uselesg.

1ly at 40-minute intervals. The sample line became
ing liguids during the December 5 burn, so the data
The sample line was connected te the vent tube

(Figure 1) and pumped through a cold trap and filter to remove

condensables for the
the December 7 burn
tube (Table 7) were ¢
(Table 6) and a nitrg

December 7 burn. The gas chromatograph results for
are listed in Table 7. Gas flow rates in the vent
ralculated from summary the individual air flow rates
gen balance.

Heat Content of Primary Combustion Chamber Gases

The heat conter
calculated frem the ¢

5 C1 Hy

H=3 oo

nt ¢f the primary combustion chamber gases was
jas chromatocgraph readings, as fecllows:

where H = heat content in Btu/ft?

C; = percent

H;

heat cc

(by volume) of species i

ntent of species i in Btu/ft>

The following values of H; were used (Btu/ft3):

hydrogen 275
carbon monoxide 322
methane 913
ethane 1641
ethylene 1513
propane 2385
butane 3113
igobutane 3105
pentane 3709
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Particulates, Percenﬁ Water, and HC]
! .

Particulates wer

& measured. according tc U.S. EPA methods (published

as 40 CFR Part 60 Appendix A, Methods 1 and 5) using Andersen stack

sampling equipment.

a guartz liner and
nozzle. The glass
(Andersen part nu

(300°F/149°C) attach

probe was insulated

pitot tube was used to measure pressures.

WRI used a 3-ft stainless steel sampling probe with
fitted with a 0.5-inch-opening stainless steel
‘filter holder, glass cyclone flask, and filter
mber 50-320) were contained in a heated box
ed directly toc the sampling probe. The sampling
and heated with an attached pitot tube. A separate
The gas flows listed in

Tables 2 and 3 were calculated from these pressure measurements.

Some states requ
basis. For many sta

ire that particulate data be corrected to a 12% CO,
es, the particulate calculations do not include the

backhalf (solids collected downstream from the filter, e.g., the glass

impingers)., Howev
backhalf with data
(Federal Register, D

‘r, other states (e.g., Washington) include the
corrected to a 7% 0, basis. Proposed regulations
ec. 20, 1989} call fronthalf particulates corrected

to a 7% 0, basis particulate metals and reqguire that at least 120

standard cubic feet
collection of only 3

WRI followed the

for sampling and anglyzing the backhalf.

empty impinger; two

of gas be collected. Current regulations require
) standard cubic feet of gas.

Puget Sound Air Pollution Control Agency procedures
WRI used five impingers: an
containing type 1 water; one containing 100 mL of a

solution of 0.5 gram NaHCO, and 1.0 g Na,C04 dissolved in 2 L of type |

water; and one can
distilled water.

caining silica gel. Type 1 water is deionized;

Following each test, 100 mL of type 1 water and 100 mL of
NaHCO,;/Na,C0; soluticn were set aside for chloride analyses. The

remaining type 1 wat

to Puget Sound Air Pollution Control Agency procedures.

>2r was used for total solids determination accerding
These

procedures call forn (1) purging the impinger water with nitrogen or
clean air; (2) rinsing all sample-exposed surfaces between the filter

and first impinger
beaker to dry; and
impinger distilled
separating using a s

with acetone, and placing the washings in a tared
(3) adding 50 to 100 mL of dichloroethane to the
water scolutions, spinning for ten minutes, and
eparatory funnel. The extraction is repeated. The

separated dichloroethane sclution was placed in a tared beaker and

evapcrated under a hood at room temperature.
evapoerated at less than 212°F (100°C).

inorganic total soli

The thermal oxid
inch-i.d. stack for

The remaining water was
This procedure gave organic and
ds fractions for the backhalf.

Ltion unit was outfitted with = [N -~

emissions sampling purposes. Sampling was done at

the - level. The thermal oxidation unit was placed adjacent to the

old 150-ton o0il she

1le retort located on WRI property just north of

Laramie, Wyoming. The o0il shale retort has the necessary scaffolding to
support the stack and provide safe access for emissions sampling. The
railing of the 150-ton retort alsc supported the particulate sampling
train, which was mounted on a bcard and moved as a unit as the probe was
moved to the different stack positions required by EPA protccols {40 CFR
Part 60 Appendix A, Methods 1 and 5).




The impingers used in the particulate sampling train were weighed

before and after the

test. The difference in weight was the weight of

water collected from the gas. The impingers were set in an ice bath

during sampling.

The sampling times for the two burns are listed in Table 8. These
sampling times sometimes coincided with upset conditions when black smoke

was emitted from the

13:18 to 13:20 hours.

at the start of the
scot was collected.

stack. An upset condition occcurred on December 5 at
The stack operators turned off the stack sampler
upset (13:18 hours), so only a small amount of black
Sampling resumed at 13:55 hours. For the December 7

burn, an upset occurired at 12:07 hours. This time, the stack operators
did not turn off thel stack sampler; consequently, a considerable amount
of soot was collected by the particulate sampler. We decided to change
the particulate collection filter midway into the sampling pericd. This
was done when the stack sampler position was changed from sampling an

east-west traverse

1o a north-south traverse. Consequently, there are

two numbers for particulates listed for December 7. The higher

particulate loading

lvalue (0.033 gr/dscf) reflects the scot collected

during the upset. The lower particulate locading value (0.0085 gr/dscft)
represents normal conditions.

Particulate Metals

The proposed regulations (Federal Register, Dec. 20, 1989) for
municipal solid waite incinerators call fronthalf particulates at 7%
oxygen particulate metals. (This is what is ccllected on the filter,

cyclone, and acetone
filter.)

WRI digested the
nitric acid sclutio

wash of the sampling probes and glassware up to the

fronthalf particulates collected in 100 mL of a 10%
for 24 hours. The solution was then analyzed for

trace metals using inductively coupled plasma (ICP) emission

spectroscopy. Four samples were analyzed: acetone-wash residual,

filter, acetone-wa
listed in Tables 9 a

Although we anal
listed in Tables 9

h residual blank, filter blank. The results are
d 10.

vzed for mercury and silicon, these elements are not
and 10 because any reported results are misleading

(mercury not detected; silicon detected). The 10% nitric acid leach is

not capable of diss

olving silica from the filter and acetone wash; a

hydrofluoric acid or similar leach is required., Mercury regquires a

special sampling pr

ocedure that uses potassium permanganate or iodine

monochleride soluticons in the impingers and is analyzed by a different
procedure. WRI can follow these procedures, but they were not done

because of the added

Ash Analyses

expense.

Samples of ash were ccllected after each burn for proximate (ASTM

procedure D 3172),

sulfur, metals, and sulfates analyses. The metals

analysis was performed by nitric acid digestion of the ash. The

insolubles (ash tha
reported on a mg/kg
value of 213,000 mg/

t fails to dissolve in the acid) were measured and
of original ash sample. For example, an 1inscluble
kg means that 21.3% of the original ash sample failed

6
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to dissolve when digested with acid.
analyzed for metals using ICP spectroscopy.

The soluble portion of the ash was
The results are reported as

mg/kg of original sample.

For the December
the primary combust

7 burn, three trays were set up under the grate in
ion chamber to collect the ash. Thus, three ash

samples were generated,

Percent sulfur w

s determined using a Fisher sulfur analyzer. This

procedure involves combustlng the sample in the laboratory and measuring

the total sulfur dloxlde given off.

It does not include sulfur tied up

as sulfates. Sulfat%s were measured separately.

Wire-Basket Test

shredded automobile tires (including belts) were mixed with different

amounts and kinds of sorbent materials and placed in wire baskets

{December 7 burn) or| pails (December 5 burn).

| The pails were suspended

in the primary combustion chamber near the bottom but above the grate at

the south end of th
the southeast corner

The purpose of t
mixed in with tires
emitted as sulfur d
procedure would be e
the ash. A higher si
removal.

Placement of the
scome unburned tire
enclosed environment
system and support c
in the primary combus

chamber. The baskets were placed on the grate in
of the primary combustion chamber.

hese tests was to determine whether or not sorbents
could effectively remove sulfur otherwise would be
ioxide from the stack. The effectiveness of the
valuated by comparing sulfur and sulfate content of
nlfate or sulfur content in the ash indicates better

material in pails (December 5 burn) did not work.
material and char was left after the test. The
of the pails did not allow adequate ailr to enter the
ombustion in the same way that combustion tock place
stion chamber.

For the December 7 burn, the materials were placed in open wire

baskets with screens

This permitted air flow through the material. The

contents of the baskets are listed in Table 12. Approximately 1660-g

portions of shredde

tires were mixed with either sodium bicarbonate,

calcium hydroxide, BECO materials, or combinations thereof (Table 12).
After the test, the ash was analyzed for sulfur and sulfates.

Capture of Particulaies by Ceramic-Fiber Fabric

An attempt was| made to capture particulates from the primary

combustion chamber

2200°F (1204°C). f

sing a ceramic-fiber fabric designed to cperate to
he ceramic-fabric that we tested was Nextel™ 312

woven fabric, a preduct of the 3M Corporaticn. The material was supplied

to WRI by Entech Inci
style, air permeabil

alr permeability inf

Entech was unable to supply any information on the
ity, or particle capture efficiency. 3M does have
ormaticon on four styles of this fabric, but WRI was

not able to determine which style was supplied for the test.

Roughly 4 scfm o

f primary combusticn chamber exhaust gas was passed

through approximately 2 ft? of fabric for about three hours. The

7
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sampling location wa
a 2-inch pipe as the

's at the vent tube. The filter sock was tied around
, pipe entered a closed 55-gallon drum. A blower was

attached to the drum outlet for moving the gas through the system. No

attempt was made to
area because it was
was not fine enough
outlet side of the

test showed that it
peint for this test
the gas chromatograp

Liquids Condensed in

accurately measure times and flow rates or filter
apparent at the ocutset of the test that the fabric
to capture particulates. Smoke was visible on the
fabric filter. Inspection of the filter after the
failed to capture particulate soot. The sampling
was not the same location as the sampling point for
h.

Cold Trap

A cold trap wag installed for the ceramic-fabric filter system

between 09:35 and 11

liquids for analysis|.

:55 hours on December 7, to condense any hydrocarbon

A blower was used to move the gas sample from the vent tube through
the cold trap and then the ceramic-fabric filter. The sample time was

from 09:35 to 11:55

hours on December 7. At the end of this period, a

187-g sample cof the liquid in the cold trap was removed and analyzed

{Tables 13 and 14).

The total amount of gas passed through the cold trap

was not accurately measured (anemometer placed at the gas exhaust), but

we believe that the
collected and analyz

total gas was between 500 and 1000 scf. The liguid
ed included the water peortion.

The sampling location and cold trap used to collect liguids for

analysis was the sys

tem used for the ceramic-filter test and not the gas

chrematograph system. The cold trap was a U-bend in a 2-inch-diameter
steel pipe. The U-bend was immersed in a 55-gallon drum of ceold water.

The condensed liqui
system was not very
inside piping system
after the ceramic-f
liguids. However,
hydrocarbon droplets

Temperatures

d was collected at the bottom of the U-bend. This
efficient for collecting hydrocarbon liquids. The
downstream from the U-bend and at the blower exhaust
abric filter was ccated with additional hydrocarbon
the ceramic-fabric filter failed to remove the
or soot. '

DISCUSSION OF TEST OPERATIONS

The thermccouple temperature readings automatically recorded by the
data logger are listed in Appendix A and B. Readings T,, T,, and T; at
the top of the primary combustion chamber (Figure 1) are most
representative of the gases leaving the primary combustion chamber. The

average of reading

Ty, T,, and T, was plotted as a function of time

(zero time = primaiy light-cff time) for the December 5 and 7 burns.
Reading T, is representative of the interior of the primary combustion

chamber. Readings
cembusticon chamb
temperatures have be
Figure 3 for the Dec

T,4, and T,5 are representative of the secondary
r. Primary and secondary combustion chamber
en plotted in Figure 2 for the December 5 burn and in
ember 7 burn.
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Entech operators| reported difficulties in using the collar (damper)
at the vent tube for the becember 5 burn. As a result, the burning
proceeded at a fast rate relative to the December 7 burn. Temperatures
of 2510°F'(1377°C) were reached in the secondary combustion chamber. The
collar was repaired prior to the December 7 burn; temperatures of 2230°F
{1221°C) were reached in the secondary combustion chamber for that burn,
except for one brief|peak of 2500°F (1371°C).

Sulfur Emissions

The sulfur dio%ide emissions are listed in Table 3. From this
information and from times (Table 1), gas flow rates (Tables 2 and 4),
and ash analyses ({(Table 11); sulfur balances and emission factors were
calculated (Table 15). The sulfur dioxide emission factors for the

December 5 and December 7 burns were 0.010 and 0.0038 1lb SO, per lb of

tires, respectivels

. A sulfur balance on the system showed that a

greater portion of the sulfur went up the stack for the December 5 burn

(60%) compared with
factors for all tire
the October 17, 198

the December 7 burn (54%). Sulfur dioxide emission
burns performed to date are listed in Table 15. For
), tire burn, Nordin (199%0b) calculated that 60% of

the total sulfur was emitted as sulfur dioxide; the emission factor feor

that burn was 0.007
original sulfur for
This is higher than
the August 29, 1990,

The sulfur dioxi
emitted up the stce
temperatures in the
resulted in more sul
in the range of 0.
2111°F (1155°C) or
(1371°C), the emissi

7 lb 80,/1b tires. This compares with 41% of the
the August 29, 1990, burn, emission factor 0.0026.
the 41% total sulfur and 0.0026 emission factor for
burn.

1de emission factor and the percent of total sulfur
1ck as sulfur dioxide appears to be related to
seccondary combustion chamber. Higher temperatures
fur dioxide emissions. When the emission factor was
0021 to 0.0028 1lb S80,/lb tires, temperatures were
lower. When the temperatures were above 2500°F
on factors were 0.0077 or 0.01 lb 50,/1b tires (Table

15). The December

5 burn peak secondary combustion temperature was

2510°F (1377°C); the emission factor was 0.010 1lb S0,/lb tires. The

December 7 burn secondary combustion temperature was generally below

2200°F (1204°C), ex
cnly a few minutes|

ept for one peak of 2500°F (1371°C)) which lasted
The emissicn factor was 0.0038 lb $0,/1lb tires.

This correlation of %igh temperature with high emissicn facter appears to

apply during the time when no natural gas is added to the secondary

combustion chamber (

The December 5 b

in 1-1b bags. WNin

material was supposg
emission factor for
any burn to date.

temperatures, appear
emissions than use o

ahle 1).

urn used a proprietary BECO pellet material packaged
teen bags were placed ameong the tires, and this
ed to sorb acid gas emissions. The sulfur dioxide
the December 5 burn was the highest calculated for
Other parameters, especially the rate of burn and
s to have a much greater influence on sulfur dioxide
f BECO pellets.

The wire-basket test (Table 12) yields some additional information on

whether or not so
potentially control
with the shredded ti
an actual burn usin

rbents mixed in with shredded waste tires can
sulfur dioxide emissions. The sorbents were mixed in
res. Such a thorough mixing can not be achieved for
g whole tires. The shredded tires were a standard
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stock material that WRI has used for pyrolysis tests to recover oil and
combustible gases in various reactors. The use of sorbents (BECO or
calcium hydroxide scrbent) resulted in slightly greater capturing
efficlency and slightly lower sulfur dioxide emission factors than
shredded tires with no sorbents. The sodium bicarbonate socrbent resulted
in the lowest emission factor. However, the wire-basket tests were
crude, and the tempe*atures in the wire baskets were not recorded. Also,
operators reported that some of the ash material was lost through the
wire basket screen as the burn progressed. Therefore, we have exercised
caution in drawing c‘nclusions from the wire-basket tests.

We believe that‘gaseous sulfur emissions simply do not contact the
BECO pellets duringla burn. The BECO pellets are supposed to vaporize
and react with the jsulfur dioxide or hydrogen sulfide in the primary
combustion chamber. | Even so, the contact time is minimal. The reaction
products, if formed, are ammonium sulfide or ammonium sulfite. The
ammonium sulfide or ammonium sulfite is burned in the secondary
combustion chamber producing sulfur dioxide, which is emitted up the
stack. We questio‘ hew the BECO pellets can control sulfur dioxide
emissions when the pellet bags are dispersed among the tires.

Data collected lo date from tire burns suggest that sulfur dioxide
emissions can be reduced but not eliminated by controlling the burn rate
and temperatures using the primary burners, vent tube damper (collar),
and regulating air [flow into the primary. If further sulfur dicoxide
emissions reduction |is desired, Entech must use scrubbers or one of the
dry sorbent injection technologies (e.g., sorbent injection into the flue
gas or spray dryer fpllowed by baghouse, use of sorbents in a fluidized-
bed combustor withrlaghouse). Many of these dry sorbent injection
technologies are currently used cor being tested at coal-fired power
plants. ‘

If Entech desires further sorbent tests in which the sorbent is mixed
with the waste, somg preliminary laboratory screening tests should be
done. The burn can‘be better controlled in the laboratory, and all of
the sulfur dioxide Jas emissions can be captured in absorbing soclutions
for obtaining an acturate sulfur balance. The burn can be done in an
oxidizing or reduci&g atmosphere. Costs of the prescreening laboratory
tests will be less than those incurred when experimenting with different

sorbents in the primary combustion chamber.

Particulates and Particulate Metals

Fronthalf partic‘late'concentrations, corrected to a 7% oxygen basis,
are 0.0078 gr/dscft ror the December 5 burn. Backhalf particulates are
low, <0.0C003 gr/dscf. The particulate sampling filter did collect a
little soot. There|was an upset condition at 13:18 hours when visible
stack emissions occurred. The stack emissions were accompanied by high
CO readings and low |(<1%) oxygen. The particulate sampler was shut-off
at 13:18 hours (Table 8), but it was noct socon encugh to aveid sampling
some soot-laden exhaust. The cause of the upset on December 5 burn was
related to a stuck or broken collar damper (Figure 1) located in the vent
tube. The damper g¢ontrols the gas flow from the primary combustion
chamber to the secondary. The damper was inoperative; apparently it fell
cff. Operators were able to adjust air flows and burner rates so

10
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emissions were not yisible, but the burn proceeded at a faster rate.
Therefore, without}the damper to control the rate of burning in the
primary combustion ¢hamber, the sulfur dicxide emissions were higher.
The collar was repai#ed before the December 7 burn.
i

- Another brief upéet occurred at 12:07 hours on December 7. Operators
were able to elimina?e visible emissions by shutting off the natural gas
supply to the secondary combusticn chamber. The gases from the primary
combustion chamber Had enough combustible heat content that combusticn
was maintained without adding supplemental natural gas. However, we
continued to sampleifor particulates during this period. The overall
fronthalf particulates during the December 7 first sampling period (Table
8) was 0.033 gr/dscf. This is higher than the 0.0085 gr/dscf measured
between 13:50 and is:lo. In contrast, the fronthalf particulates
collected during an August 29, 1890, tire burn when no upset occurred was
much lower (0.00020 qr/dscf).

Results of the ﬂetal analysis for fronthalf particulates collected
are listed in Tables 9 and 10. The sum of the metals analyzed for the
December 5 (Table &) burn only account for about 5% of the total
fronthalf particula?es collected. For the December 7 burn, the metals
analyzed account for only 5.5% and 7.0% of the fronthalf particulates
collected for the two sampling periods (Table 10). We believe that the
material that is unaccounted for is mostly carbon sooct with lesser
amounts of oxygen dmetals captured as oxides), sulfur, chleorine as

. T | A
chloride, and silicen as silicates.

HCL Measurements

The impinger so
analyzed for chloride
impingers containing

lutions from the particulate sampling runs were
s. Almost all of the chlorides were captured in the
deionized,distilled water, and very little (<5%) of

the chlorides were captured in the sodium carbonate-bicarbonate buffer.

Assuming that all of

the chlorides were present as HCl, concentrations of

3.4 ppm and 10 ppm were calculated in the flue gas for the respective

December 5 and Decemk

er 7 burns.

k

Percent Water in Stag

The calculated v
the December 5 burn
when particulates wez
to 24.3% water for t
other tire burns have
of October 25, 1988
fluctuates this much.

Ash Analysis

Ash analyses resu
of the ash (steel be
from 13 to 38%. F

olume percentage of water in the stack is 1.5% for
and 7.2% for the December 7 burn during the times
re sampled. This is much lower than the whopping 22
he August 29, 1890, burn. Water measurements for
been near 8% with one low reading of 1% (first part
tire burn). It is net clear why the percent water

lts are listed in Table 11. A major metal component
:1ts removed) 1is zinc, with concentrations varying
rom the information in Table 11, the following

compositions can be galculated:

11
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" December 5, % December 7 .(Sample 1), %
Volatiles 14.0 11.1
Inorganic insoclubles 7.3 16.3
Sulfur as Sulfate 4.4 6.3
Aluminum as Al,0, 6.6 5.6
Calcium as Cao0 | 7.0 0.4
Iron as Fe,0, | 1.1 0.6
Magnesium as MgoO * 0.6 1.0
Scdium as NaoC 0.7 0.9
Phosphorus as PO, 0.4 0.8
Zinec as zno 16.2 39.9
Fixed carbon 31.1 5.9
89.4% 88.8%
About 89% of the ash minerals were accounted for. sSulfur, probably
present as sulfide%, accoeunts for 3%. Inorganic unsolubles include

material other than volatiles that did not dissolve in the acid digestion

\
(e.g., silica sand).%
|

Heat Content of the ﬁrimary Combustion Chamber Gases

December 5, froL 12:40 to 13:10, and on December 7, from 10:30 to
11:17, and 12:10 to|13:00 on the gases leaving the primary combustion
chamber contained |enough combustibles so that they burned in the
secondary combustion|chamber without adding natural gas. Temperatures up
to 2510°F (1377°C) and 2230°F (1221°C) were measured in .the secondary
combustion chamber for the December 5 and 7 burns. There was a brief
peak temperature of 2500°F (1371¢°C) for the December 7 burn. - If an
energy balance is done on the system, the gases leaving the combustion
chamber must contain combustibles of approximately 700 Btu/dscf to
achieve these secondary combustion temperatures. Yet, we were only able
to account for a mgximum of 77 Btu/dscf based on gas chromatograph
analyses (Table 7).

We were able to Londense a liquid containing 48% water and a heat of
combustion of 9200 tg 9975 Btu/lb (Table 14), or about 18,000 Btu/lb on a
water-free basis. iUnfortunately, we were not able to determine the
concentration of the hydrocarbon condensables in the primary combustion
chamber gas. A contentration of 0.03 to 0.035 1lb of hydrocarbon per
cubic feet of primary combustion gas can account for enough combustibles
to achieve these temperatures in the secondary combustion chamber.

The primary combLstion chamber exit gas typically contained 10 to 12%
CO,, 4 to 5% CO, and 2% CH, at a flow rate of about 30 dry scfm (Table
7). The exit gas leaving the secondary combustion chamber when no
natural gas was fe‘ to the secondary combustion chamber typically
contained 10 to 14%1Jiico2 at a flow rate of about 800 to 1000 scfm on a
wet basis. A system carbon balance shows that about 0.9 1b carbon per
minute must be present in the primary combustion chamber exhaust gas in
addition to the carbgn measured as €O, CO,, CH,, and CH,CE, measured with
the gas chromatogr‘ph. For a gas flow rate of 30 scfm, the carbon
content should be jabout 0.03 1lb of carbon per cubic feet of gas.
Assuming that the Larbon is in the form of a hydrocarbon ligquid of

formula Cszy, this‘calculates to a concentration of about 0.035 1lb of

|
|
‘ 12
|
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condensable hydrocarbons per cubic feet of gas. This agrees with the
hydrocarbon concentration that is required tc achieve the temperatures in
the secondary combustion chamber.

buring an earliek burn (September 28, 1990), we measured the carbon

soot concentration of the gases leaving the primary combustion chamber.
This was about 1-2 gr/dscf, which calculates to less than 0.0003 lb/dsct.

Therefore, we believe that the major combustible component in the

primary combustion cl

amber gases is condensable hydrocarbons in the form

secondary combustion chamber to greater than 1800°F (982°C) without the

of a vapor or minutildroplets. This material is sufficient to heat the

addition of suppleme

Finally, we ana‘

tal natural gas.

vzed the condensed liquid and measured 1.4% sulfur

and 48% water (Table 14). Based on a hydrocarbon content of 0.035

1b/scfm of gas and 3
we calculate that
secondary combustio

scfm of gas leaving the primary combustion chamber,
he vaporized hydrocarbon material entering the
chamber accounts for 3.4 1lb/hr of sulfur dioxide

emissions. This is |a major contributor to the sulfur dioxide emission

factor (Table 16).

The more liguids veolatilize, the greater the

temperature in the secondary combustion chamber achieved, and the greater

the sulfur dioxide e

ission factor.

We also reviewed the primary combustion chamber gas chromateograph

analyses for the September 28 and October 17, 1990, burns (Nordin 1990b).
We conclude that the| instrument did correctly measure sulfur dioxide and
hydrogen sulfide in| the primary combustion chamber and did correctly
measure the calibration gases for hydrogen sulfide and sulfur dioxide.
However, only very low concentrations of these compounds were detected.

Carbon sulfide, carbon disulfide, and thiophene were also detected. The

gas chromatograph wi

11l not detect sulfur in the hydrocarbon liquids. A

system sulfur balance shows that these sulfur gases measured in the

primary chamber accg

ount for less than 10% of the total sulfur dioxide

emitted from the stack. We believe that the balance of the sulfur

dioxide originates 1ip

The BECO pelle

1 the hydrocarbon condensables.

ts are designed to remove acid gases and not

hydrocarbon condensables. Even if the contact time was adeguate to

remove hydrogen sulf
the other sulfur cont

Causes of Upset Cond:

ide and sulfur dioxide, the pellets could not remove
caminants.

Ltions

Upset conditions
hours on December 7,
cn December 5 occuz
{(cellar in Figure 1)

occurred at 12:18 hours on December 5 and at 12:07
when black smcke was emitted. The upset condition
rred at about the same time the vent tube damper
was stuck and apparently broke off. The secondary

combustion chamber exhaust gas (Table 2) contained less than 1% oxygen

during this period.
is added to support <

The upset condit
off the natural gas
combustibles (both

High €O and smocke is emitted when insufficient air
combustion.

ion on December 7 was corrected when operators shut
supply to the secondary combustion system. Enough

vaporized liquids as well as CO, CH,, etc.) were

13
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entering the second
chamber to support combustion. Although this is not confirmed by flue
gas oxygen measurements, we believe that insufficient air was being fed
to the secondary combustion chamber to react with all of the combustible

gases.

combustible gas.

When reviewing u

at WRI, the followin

1.

3.

ary combustion chamber from the primary combustion

Consequently, shutting off the natural gas removed one source of

pset condition times for all burns performed to date
g causes can be documented;:

The alr supply to the seccndary is insufficient to react with the

combustible gase
less than 1%.

The témperature
about 1400°F (76

A disturbance i
chamber. For e

opened during windy conditions this can result in an upset.

strong wind gqus
emissions.

The flow from th

s present, and the oxygen content of the flue gas is

in the secondary combustion chamber is less than
0°C) while a burn is in progress.

m the gas flow occurs in the seccondary combustion
xample, if the primary combustion chamber door is
Even a
t can affect the stack gas velocity profile and Co

e primary combustion chamber is excessive, especially

if the gas is relatively cecol. There have been situations where CO

emissions have

ecreased when the primary combustion gas flow is

greater than 100-200 scfm by turning on the top primary burner to

heat the gas.
defined.

he exact conditions for this situation is not well

The secondary coLbustion chamber natural gas fuel-to-air ratio is not

balanced for the

\
‘burners.

|
If sodium hydrokide solution is injected as fine droplets inte the
primary combusﬂion chamber to control acid gas emissions, carbon

moncxide emissi
significantly hi
20) in the s=zeco

ons from the secondary combustion chamber may be
her. The sodium scavenges free radical oxygen (0, -

‘dary combustion chamber, so it is unavailable for

reaction with C? to form €C,. This circumstance differs from other
situations in that black smoke does not accompany the higher CoO

readings.

14
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CONCLUSIONS

The gases leaving the primary combustion chamber had enough
combustible heat| content to enable the secondary combustion chamber
to operate for an hour or longer above of 1800°F (582°C) without the
addition of supp%ementary natural gas.

The major combuétible component in the primary combustion chamber
exhaust gases was hydrocarbons, normally liguid under ambient
temperatures. ﬁhe hydrocarbons were present as a vapor or minute
droplets. }

|

When placed among the tires in the primary combustion chamber the
BECO pellets failed to reduce sulfur dioxide emissions. The pellets
did not sufficieﬁtly contact sulfur gases or condensable hydrocarbons
formed in the primary combustion chamber to capture the sulfur in the
ash.

The vaporizing hydrocarbons from the primary combustion chamber are
the major carriers of sulfur that is combusted in the secondary
combustion chamber forming sulfur dioxide emissions. The more
hydrocarbons vapgrize, the greater the temperatures in the secondary

combustion chamber, and the greater the sulfur dioxide emissions.

RECOMMENDATIONS

If sulfur dioxide emissions are to be eliminated or at least reduced,
cne of twe methods is viable and should be pursued.

Method 1: The| sulfur dioxide is removed from the secondary
combustion chamber stack gas using scrubbers, dry sorbent injection
and removal of [spent sorbent using a cyclone and a baghouse, or
similar technologies.

Method 2: The cpmbustible hydrocarbons (which are at under ambient
temperature) should be removed from the primary combustion chamber
exhaust gas (by lcooling, mist eliminators and knock-out pots, etc.)
before the gases| enter the secondary combustion chamber. If this is
not feasible, the sulfur dioxide emissions should at least be reduced
by controlling the rate of burning in the primary combustion chamber.
Entech already demonstrated that sulfur dioxide emission factors of
less than 0.003 |lb 50,/1b of tires can be achieved. Lower emission
factors probably can be cobtained by controlling the burning rate.
This approach is| useful for burning a mixture of municipal trash and
tires, when lower temperatures must be maintained in the primary
combustion chamber so glass and metal components may be separated and
recycled after the burn.

More work needs [to be done to understand and prevent the occasicnal
upset conditiong that occur. &an upset condition is defined as a
brief period of visible emissions (black smoke) and high CO
emissions. A series of tests is recommended. A gocd carbon monoxide
analyzer, suchH as an infrared nondispersive type, with gas

15
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preconditionind, CO, correction, and calibration gas injection,
should be rented or purchased. Variables to be evaluated for these
tests should inéludé {1l) secondary combustion chamber burner angle,
{2) secondary co&bustion chamber natural gas and air flow rates, (3)

secondary combus

#ion chamber turbulent air flow rate, and (4) primary

combustion cham@er gas exit conditions (temperature, gas flow, and

combustibles).

burner on and of

gas percent oxyg

|Tests should also be conducted with the primary top
f. Measured parameters should include (1) exhaust
en and flow rate, (2) CC emissions, (3) temperatures,

and (4) appearance of the secondary combustion chamber flame pattern
when viewed from the top of a stack (a remotely operated TV video
camera may help). These tests will be very useful when sizing a
secondary combustion chamber to service primary combustion chambers

of different siz

25 .

An automatic control loop is recommended on the secondary combustion

chamber. If the

oxygen concentration in the flue gas drops below .,

the air supply to the secondary should be increased, or the natural
gas supply to the secondary is decreased or even shut off if the

secondary combus

tion temperature exceeds 1900°F (1038°C).

16
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"Table 1. Tire Burn

December 5

December 7

Lightoff time--secon

Lightoff time--primai

Shutdown time--secon

Time natural gas fed
to secondary

Time natural gas fed
bottom primary bur
Time natural gas fed
top primary burner
Total natural gas us
Total tires weight 1
Number of tires lecad
Number of 1-1b BECO
loaded
Ash collected exclud
steel belts, lb
Steel belts, 1b
Barometric pressure,

dary

r'y
dary

inches Hg

09:40
11:40
17:30

09140 to 12:40
13:10 to 17:30

to
ner 13:00; 13:10 to 17:30P
to
11:40 to 12:25P

ed, ft3
oaded, 1lb 1000
ad 51
packets

19
ing

113 (3.67 ft?)
93
22.94

07:45
09:35
18:00%

07:45 to 10:30
11:17 to 12:10
13:00 to 18:00°

09:35 to 17:15

nene

98 (3.6 ft’)
142
23.09 (start);
23.06 (end)

2 shutdown time not 3

b pimes not verified

verified for

December 7 burn

18
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Table 2. Secondary Combustion Chamber Emissions, December 5 Burn

Composition of Flue Gas ‘ Flue Gas
Time % O, - % CO, ppm CO ppm NO, Flow, scfm
i (wet basis)

11:55 8.6 9.3 8 21

12:12 7.0 10.5 3 42

12:50 11.3 7.0 33 71

13:05 7.6 10.1 10 130

13:15 2.5 14.1 47 191

13:18 1.5 a 220 & a
13:18.5 0.7 a >20009 a a
13:57 2.3 a >1500 a

14:08 5.5 11.6 35 145 ‘
14:11 a a 47 a

14:20 S.7 8.5 45 112

14:55 2.8 13.5 28 59

15:35 6.1 11.1 13 30

15:55 9.3 8.7 <2 20

16:20 a a a a

16:45 11.5 7.1 <2 22

17:00 11.4 7.1 <2 22

17:15 10.9 7.5 <2 22

AverageP 6.2 11.2 15°¢ 75 [ ]

8 Data not taken at
for S0, was inoper

Time-weighted aver

155 ppm CO averag
excludes this upse

The high €O readir
13:20). Scme puf
collar was jammed
again at 14:30 hou

times indicated. The Enerac 2000 analyzer function
ative.

age between 11:55 and 17:15 hours,

e includes upset at 13:18 and 13:57 hours. 15 ppm
€.

1g was accompanied by visible black smoke (13:18 to
fs of black smoke were seen at 13:22 hours. The
and broken (13:30 hours). A brief upset occurred
rs (CO = 900 ppm; puff of black smcke seen).

19
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Table 3. Secondary Combustion Chamber Sulfur Dioxide Emissions?®

Date . Time SOEI ppmb
December 5 i 12:05 151
§ 13:05 381
13:15 380
14:05 416
15:15 362
156:05 157
16:30 145
17:05 138
Time-Weighted Average 199
December 7 12:00 17
13:12 17
14;05 125
15:00 67
16:00 40 -
17:00 148 -
18:00 119
Time-Weighted Average 76
a

b

Emissions measurecd

H,S, COs, CS,, and

1 by gas chromatography.

other sulfur species not detected.

20
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Table 4. Secondary Combustion Flue Gas Flows, December 7 Burn

a

Flue Gas®

Time Flow, scfm

10:22

10:4}2
11:02
11:3;0
11:50
12:42
13:53
14:2;0
1445

15:

g5

|
15:40

16:15

l6:
17:

5

25

|
17:45
Time Weighted Average
(09335-18:00) [ ]

? Enerac 2000 analyzer inoperative after 10:42 hr, so gas compositions

b

were not measured
CO = 25 ppm; 10:22

Calculated from p

in the secondary combustion flue gas. aAt 10:20 hr,
hr, €0 = 30. Oxygen = 8%.

itot tube readings, temperature, and assumed gas

molecular weight of 28.9, wet basis.

21
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Table 5..

Natural Gas and Air Feeds, December 52

Natural Gas

Air Input?

Bottom Top
Primary Primary Primary Secondary Secondary

Time Primary Secondary Turbulent Burner Burner Turbulent Burner
11:10 2¢

11:45

12:20 J :

12:25 2®

12:40 0 B [ ) §
13:00 <14 B [ ] ]
13:10

14:15 q !

15:30 III
17:19

17:30

a

Natural gas flow is in cubic feet per minute at 20 psig. Barometric
pressure is 22.94

inches Hg. The air flows are in standard cubic feet

per minute (70°F, 1 atm). Input alr was 38°F.

Top burner off; bot

" Bottom burner with

Data not recorded at time indicated.

Top burner only operating.

rtom burner with flame.

no flame.

22
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E Table 6. Natural Gas and Air Feeds, December 7

e Natural Gas? Air Input?

i Bottom Topb

i . ) s

b Primary Primary Primary Secondary Secondary

Time Primary Secondary Turbulent Burner Burner Turbulent Burner

] u u ’ m
10:30

- 11:00 I | i | | i

; 11:17 ||

11:30 B = - -

12:07 Smoke seen from.secondary. Natural gas turned off to secondary

T 12:10

12:30 = 1 = -

' 13:00 Natural gas fed teo secondary

e 13:00

! 14:30

e 15:00

15:40

[ 16:35

- 17:15 0

g ® Natural gas flow is in cubic feet per minute at 20 psig. Barometric
o pressure is 22.94 [inches Hg. The air flows are in standard cubic feet
o per minute (70°F, 1 atm). Input air was 38°F.

L b‘Top primary burner not used during December 7 test. Bottom primary

burner used throughout burn.

e

(-

{

-

-

-

.

=

i

o
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Table 7. Gas Chromatograph Analysis, Primary Combustion Chamber December 7, 1990 Burn

Velume Percent (dry basis) Heat? Calcd.€
Time H, N, 0, Ar co, co CH, CH;CH; CH,CH, c,P c, Content Flow

it

2 Sample at 09:41 hours from top of combustion chamber. Sample line became plugged with liquids after
this reading. Starting at 11:34 hours, samples were taken at vent tube, which has a cold trap and

filter.
b C, hydrocarbon was propylene. Propane detected at 14:28 hrs.

¢ Heat content is in Btu/dscf. Gas flow is in dscf/min.

e

i
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Table 8,

Particulate and HCl Emissions from Secondary Combustion Unit

Burn Date

December 5 December 7

{two samples)

Sampling times

Sampling Volume, dscf
Average 0,, vol % during
sampling time -
Average CO,, vol % diring
sampling time |
Total water collectea, grams
Water, vol % ‘
HCl, ppm by volume (&ry basis)
Fronthalf particulates
As collected, gr/éscf
7% 0, basis, gr/dscf
12% coO, basis, gr*dscf
Backhalf particulates
As collected, gr/dscf
7% 0, basis, gr/dscf
12% €O, basis, gr}dscf
Total Particulates
As collected, gr/dsct
7% 0, basis, gr/dscf
12% CO, basis, gr}dscf
Calculated fronthalf| particulate
during burn, 1b
Calculated tetal particulates
during burn, lb

11:55 to 13:18
13:55 to 14:30
14:55 to 17:33

10:20 to 10:30 (lst)
10:38 to 13:36 (lst)
13:50 to 16:10 (2nd)

124.8 61,4; 61.0%

6.2 7.3

11.2 10.9

40.4 199.6

1.5 7.2

3.4 10
0.00826 0.0324°; 0.00828
0.00781 0.033; 0.0085
0.00885 0.036; 0.0094
<0.0003 0.0081 .
<0.0003 0.0083
<0.0003 0.0089
0.0086 0.0405; 0.0164
0.0081 0.0413; 0.0168
0.0092 0.045; 0.0183

0.4 0.5

0.4 1.0

& Particulate filter changed at 13:36 hours:
flue gas passed through respective filters.
at 12:07 hours loaded the first filters with soot.

because an upset

hours on December| 7.

61.4 scf and 61.0 scf of
The filter was changed

Considerable soot cecllected on the filter due to an upset at 12:07

25
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Table 9, .Frontharf Particulate Elemental Analysis, December 5 Burn

Element Filter, 1 Acetone Wash, Concentration 7% O, basisb,
myg | mg in flue gas?, mg/dscm
i mg/dscm I
Ag <0.0007 | <0.0007 <0:0002 <(.0002
Al 0.086 0.063 0.042 €.040
As <0.01 <0.01 <0.003 <(.003
B 0.11 0.001 0.031 €.030
Ba <0.001 0.003 "0.001 ¢.001
Be <0.0002 | <0.0002 <0.0001 <C.0001
Bi <0.01 <0.01 <0.003 <q.oo3
Ca 0.22 0.28 0.141 (.134
cd 0.002 0.005 0.002 €.002
co <0.0007 : 0.003 0.001 ¢.001
cr <0.0008 0.016 0.0045 €.0043
Cu <0.0006 0.024 0.0068 (.0064
Fe *x.032 0.43 0,0131 (.0124
X <5 <5 <2 <z
Li <0.001 0.004 0.0011 ¢.001
Mg 0.021 0.173 0.055 (.052
Mn 0.002 0.111 0.032 4.030
Mo 0.062 0.056 0.033 4.032
Na 0.175 1.15 0.375 (.355
Ni <0.002 0.124 0.035 ¢.033
P <0.1 <0.1 <0.003 <(,003
Pb 0.027 0.112 0.039 (.037
Sh <0.01 <0.01 <0.003 <(.003
Se <0.01 <0.01 <0.003 <(.003
Sr 0.002 <0.001 0.0006 ¢.0005
Th <0.005 <0.005 <0.002 <(.,002
\Y <0.0008 <0.0008 <0.0003 <(,0003
Zn 0.037 | 0.163 0.151 (.143
@ concentration in fllue gas = filter + acetone wash divided by| the dry
standard cubic meters of gas sampled (3.534 cubic meters).
b concentration in flue gas corrected to a 7% oxygen basis.
|
|
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Table 10. Fronthalf Particulate Elemental Analysis, December 7 Burn,
ng :

First Second Concentration in flue gas

Filter Filter Acetcne at a 7% 0, basis®
Element 10:20-13:36' 13:50-16:10 Wash

mg mg mg 10:20-13:36 13:50-16:10
Ag <0.0007 <0.0007 <0.0007 <0.,0004 <0,0004
al 0.079 0.006 0.009 0.048 0.006
As <0.01 <0.01 <0,01 <0.005 <0.005
B 0.024 0.003 <0.002 0.014 0.002
Ba <0.001 <0.001 0.002 0.001 0.001
Bi 0.04 <0.01 <0.01 0.023 <0.005
Ca 0.26 0.07 0.10 0.18 0.07
cd 0.012 <0.001 0.004 0.008 0.001
Co <0.0007 <0.0007 <0.0007 <0,0004 <0.,0004
Cr <0.0008 <0.0008 0,005 0,003 0,003
Cu <0.0006 <0.0006 0.012 0.007 0.007
Fe 0.027 0.015 0.16 0.062 0.055
K <5 <5 <5 <3 <3
Li 0.002 <0.001 0.001 0.0014 <0.001
Mg 0.022 0.014 0.163 0.060 0.055
Mn <0.0003 <0.0003 0.111 0.03 0.03
Mo <0.002 <0.002 0.056 0.01e6 €.016
Na 0.235 0.175 1.15 0.466 0.434
P <0.1 <0.1 <0.1 <0.06 <0.06
Pb 0.19 0.011 0.112 0.14 0.039
Sb 0.037 <0.01 0.01 0.024 0.002
Se <0.01 <0.01 0.01 0.002 0.003
Sr 0.002 <0.0005 <0.001 0.001 <0.0005
Th <0.005 <0.005 <0.005 <0.002 <0.002
v <0.0008 <0.0008 <0.0008 <0.0005 <0.0005
Zn 5.2 1.0 0.163 3.05 0.63
8 concentration in fllue gas = filter + 1/2 (acetone wash) divided by the

dry standard cubic| meters of gas sampled (1,739 cubic meters for filter

1, 1.727 cubic meters for filter 2). Units are mg/dscm.

The times for

the first and second filters are 10:20-13:36 and 13:50-16:10

respectively.
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Table if. Ash Analyses (excluding steel belts)

December 5 Burn

December 7 Burn

1 Cne Sample Sample 1 Sample 2 Sample 3
Proximate Analysis ({Procedure ASTM D 3172) Dry Basis
Volatiles, % ‘ 14.0 11.1 11.4 7.8
Ash, % 55,0 83.0 85.7 87.7
Fixed carbon, % 31.1 5.9 3.0 4.5
Sulfur, Chloride, and Zine Analysis
sulfur, % | 3.01; 3.02 3.0 2.7 2.2
Sulfates, % 5 4.39 .32 5.53 5.14
Chloride, % ‘ 0.0272 0.033 0.124 0.027
Zinc, % 1 13% 32 38 32
Ammonia, mg/kg : not done 1.7 5.6 5.1
ICPL Metal Scan of Acid Digestion of Ash, mg/kg
Insclubles | 213,000 274,000 254,000 330,000
Ag <6.5 <6.8 <6.9 <5.8
al 35,000 30,000 38,000 46,000
As <92 <98 <98 <82
B ! 102 110 210 220
Ba | 130 <98 359 180
Be ‘ <1.8 <2 <2 <1.6
Bi . C <92 <98 <98 <82
Ca 50,000 2,700 18,000 11,000
cd 15 11 290 8.9
Co 720 2,000 2,300 2,100
cr 31 20 40 41
cu 3 76 1490 220 160
Fe : * 8,700 5,200 8,500 6,900
K { <47,000 <49,000 <49,000 <42,000
Li ! 39 63 50 92
Mg ' 3,400 5,300 6,500 4,200
Mn : 160 74 130 36
Mo § <9.2 15 24 20
Na i 4,100 5,200 8,000 5,600
Ni i 31 24 87 14
P ! 1,700 2,900 1,800 2,800
Pb 530 280 520 570
Sb <92 <98 <98 <382
Se <92 <98 <98 <82
Sr 140 57 72 96
Th i <46 <49 <49 <41
v 3 20 35 57 55
Zn 1 130,000 320,000 380,000 320,000
|

Duplicate analysis.
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Table 12. Wire Basket Test Results, December 7 Burn

fw Basket Number 0 1 2 3 4

Input to Basket,g }
o Tire Material? ‘ 1,654 1,672 1,654 1,656 1,654
% Sodium bicarbonate 0 36 18 0 0
o Calcium hydroxide , 0 0 8 16 0
o= BECO material i 0 0 0 0 47.2
- Ash Analysis after Bbrn

Sulfate, mg/kg | 35,900 82,600 51,170 35,300 35,600
e sulfur, % 1 1.7 3.1 2.1 2.6 2.1
l i
! |

’ Percent of Original Sulfur
- in Tires Remaining in Ash 43 90 55 59 56
e ‘ Calculated sSulfur Diéxide
. Emissions Factor, lb
$0,/1b tires § 0.015 0.0027 0.012 0.011 © 0.012

Proximate Analvsis of Ash
= Volatiles, % ; 7.7 13.8 8.8 10.0 12.8
L Ash, % ; 79.1 83.1 86.6 78.8 76.2

" Fixed Carbon, % | 13.2 3.1 4.6 11.2 11.2
~
{ |
o &8 Shredded tire mat%rial with steel belts. The shredded tire material
contained 1.35% sulfur.
L i
B
-
i
b
-
i
o
L
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e
L; Table 13. Metal Anahysis bf.Condensed Hydrocarbon Liquid Collected from
Primary CPmbustion Chamber Exhaust Gas During December 7 Burn
- ?
e Elementi Metal, mg/kg
|
" Ag <1.0
( Al 49
As <15
e : B 4.6
. Ba I <1.5
. Be <0.3
N Bi | <15
F Ca | 308
- cd <1i.5
Co ! <1.0
e Cr } <4
!L Cu <0.9
- Fe | 6,700
- K ; <75,000
- Li | 1.5
- : Ma i 23
Mn i 14
ﬁv Mo 3 <1.5
L‘ Na i 21
B _ Ni ' <3
- P i <150
; Pb | <7.4
e sb | <15
Se | <15
- sr 0.85
. Th | <7.4
v l <1.2
o Zn i 68
e
f
|
£
L
30
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Table 14, Analysis of Condensed Hydrocarbon Liquid Collected from Primary
Combustlon Chamber Exhaust Gas During December 7 Burn

Heating Value (ASTM D 240)
Sample 1, Btu/lb
Sample 2, Btu/lb

Percent sulfur _
Percent Water (ASTM:D 4377)

Table 15. Sulfur|Dioxide Emission Factors and Secondary Combustion
Temperatures for Tire Burns Performed Through December 1990

Emission Factor,

Date of Burn lb $0,/1b Tires

Highest Sustained

Secondary Combustion
Chamber Temperature,

°F

October 25, 1988 0.0028
May 17, 1990 | 0.0027
May 23, 1990 j 0.0021
August 29, 1990 ; 0.0026
September 28, 1990 | 0.0025
October 17, 1990 i 0.0077
December 5, 1990 ! 0.0100
December 7, 1990 ; 0.0038

not measured
2,111
2,081
2,055
1,999
2,517
2,510
2,200

T#ble 16. Sulfur Dioxide Emissions

December 5 Burn

December 7 Burn

With BECO Without BECO

Tires, lb ! 1,000 1,400
Ash (excluding steelébelts), 1b 113 98
calculated sulfur dioxide emissions, 1b 10.0 5.3
Emissicn factor, i

b S0,/1b of tires 0.010 0.0038
Total sulfur (including sulfur in

sulfates) in ash) 1b 5.10 4.43
Percent of original éulfur in tires

remaining in ash/| 34 46
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Figure 1. Entech Thermal Oxidation System Showing the Location of
Thermocpouples
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Figure 2. Temperature Profile of Tire Burn on December 5, 1990.
(a) Pridaw combustion chamber and (b) secondary
combustion chamber.
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Figure 3. Temperature Profile of Tire Burn on December 7, 1990.
(a) PrimeLry combustion chamber and (b) secondary

combust

on chamber.
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SUMMARY

on September 17, 1991, 631 lb of whole used automobile tires were
incinerated in the Entech thermal oxidation demonstration plant located
at the Western Research Institute (WRI) north site, just north of
Laramie, Wyoming.

The average sulfur dioxide emissions measured for the 6.5-hour burn
was 18 ppm. The calculated sulfur dioxide emission factor was 0.0011 1lb
S0,/1b of tires burned. Roughly 30% of the available sulfur was emitted
as sulfur dioxide, and the rest remained in the ash. This emission
factor was lower than that calculated for previous tire burms. ‘

The tires burned cooler and relatively uneven compared with other
burns. The ash contained some unburned or partly burned tire residue.
Entech was not successful in producing liquids from tires in the primary
combustion chamber during this test burn as originally planned.

iv
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INTRODUCTION

Eight burns of used automobile/truck tires have been completed using
the Entech thermal oxidation system located at Western Research
Institute’s (WRI) north site, just north of Laramie, Wyoming. The burns
were performed on varicus dates (October 25, 1988; May 17 and 23, Augqust
29, September 28, October 17, December 5 and 7, 1990) These burns are
discussed in previous reports (Nordin and Huntington 1991, Entech Report
No. 12). sSulfur dioxide was the major pollutant of concern. For each
of these burns, a sulfur dioxide emission factor was calculated, which
ranged from 0.0021 to 0.010 1lb SO, per lb of tires burned.

The higher sulfur dioxide emission factors could be correlated with
higher burn temperatures. The burn temperature could be controlled by
contrelling the air flow to the primary combustion chamber for a given
quantity of tires once ignition was underway. When temperatures of
about 500°F (260°C) were reached in the primary under air-starved or
pyrolysis conditions, the tires liquefied or gasified producing small
droplets and/or vapors, which were combusted in the secondary combustion
chamber. Temperatures greater than 1800°F (982°C) and sometimes as
high as 2517°F (1381°C) were reached in the secondary combustion chamber
as the result of combustion of tire hydrocarbon components without the
need to add any supplemental fuel.

During the tire burns on December 7, 1990, some of the primary
combustion chamber off-gas was routed to a cold trap/condenser where a
hydrocarbon liquid was recovered. A sulfur material balance for that
burn demonstrated that most of the sulfur was carried in this
hydrocarbon liquid. When the hydrocarbon was combusted in the secondary
combustiorn chamber, this was the source of most of the sulfur dioxide
emissions, Details concerning conditions necessary to produce and
recover tire liquids remained unanswered.

Therefore, Entech Inc. contracted with WRI to measure and analyze
gas flows including sulfur dioxide emissions for a ninth tire burn.
This burn was performed September 17, 1991, and is the subject of this
report. The purposes of this burn were to (1) understand the
circumstances in which hydrocarbon liquids are produced and can be
recovered, (2) obtain another sulfur dioxide emission factor related to
operating temperatures, and (3) perform a demonstration test for an
Entech consultant that was retained to evaluate the process.
Particulate sampling (EPA method 5) was not done for the September 17,
1991, burn because sampling during previous burns demonstrated that
particulates of less than 0.015 gr/dscf (34 mg/dscm) could be
maintained. (If a higher particulate reading was measured, it was
correlated with a brief upset condition.)

As a permit condition, the Wyoming Department of Environmental
Quality (DEQ) requires a 1l4-day advance notice for any burn where sulfur
dioxide emissions exceed 30 ppm. This includes tire burns. Not enough
lead time was provided to WRI to satisfy the 14-day advance notice.
Wyoming DEQ approved the burn (letter dated September 13, Appendix A)
with a warning that future burns will be denied if the l4-day advance
notice is not satisfied. To minimize sulfur dioxide emissions, a WRI-

1
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Entech decision was made to do the September 17 burn using a smaller
quantity of tires (631 lb, 30 tires) compared with other burns (1000 to
1500 1b, about 70 tires).

The September 17 burn was performed under the direction of Dr.
Russell Renk, of VRCA, Anchorage, Alaska.

METHODS

The burn date was September 17, 19%91. The primary combustion
chamber was loaded with 30 automobile tires (631 lb). After preheating
the secondary combustion chamber using the four natural-gas-fired
burners, the tires were ignited with the bottom primary c¢hamber burner.
sSupplemental natural gas continued to be fed tc the secondary combusticn
chamber throughout the burn. The natural gas feed was approximately 2.5
¢fm per burner. Unlike previous tire burns, the off-gas from the
primary combustion chamber did not have encugh heat content to maintain
combustion in the secondary combustion chamber without the addition of
natural gas. After the burn was completed, the ash components were
weighed and sampled for analysis. The burn times, natural gas used, and
quantity of ash collected are summarized in Table 1.

Table 1. Tire Burn, September 17, 1991

Lightoff time - secondary

Lightoff time - primary

Burn termination (shut off air and natural gas) time
Total natural gas used, ft32

Total tires loaded, 1lb

Number of tires loaded, 1b

Ash collected excluding steel belts, 1b
Steel belts remaining after burn, 1lb
Ambient temperature at start, °F
Ambient temperature at finish, °F
Ambient pressure at start, mm Hg
Ambient pressure at finish, mm Hg

2 Natural gas at 20 psi gauge pressure and 60°F. Natural gas was
continucusly supplied to secondary (08:25 to 14:20 hours) combustion
chamber. Natural gas was supplied to the primary combustion chamber
bottom burner between 09:40 and 10:00.

Temperatures were measured throughout the burn using thermocouples
installed at the locations shown in Figure 1. The temperatures were
recorded by Entech Inc. personnel; their data are listed in Appendix B.
Thermocouple T,;, was attached to the pitot tube that was used to measure
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Stack

Figure 1. Entech Thermal Oxidation System Showing the Location of
Thermocouples



difference between impact and static pressure, from which a stack
velocity was calculated. From pitot-tube measurements, absolute
pressure (23.12 inches Hg), and stack diameter ¢ the
exhaust gas flow rate was calculated.

The emission measurements and pitot-tube readings were taken at the
17-ft level on the [ stack leaving the secondary combustion
unit. The thermal oxidation unit (Figure 1) was located adjacent to the
old 150-ton oil shale retort, which had the scaffolding and platform to
support the stack and provide safe access for emission measurement.

Exhaust gas analyses were performed using an Enerac 2000 analyzer
(0;, €0,, CO, and NO,). The analyzer was periodically checked against
several calibration gases (98 ppm CO in mnitrogen, 50 ppm S0, in
nitrogen, and air). The instrument correctly read the CO and percent O,
but failed to correctly measure 80,. Therefore, to measure s0,, gas
bombs were taken. The gas was injected into a Hewlett-Packard 5840A gas
chromatograph fitted with a flame ionization detector. This instrument
measured so,, H,S, COS, CS,, thiophene, and mercaptans to an accuracy of
one part per million. Gas bomb samples were taken of primary and
secondary combustion chamber exhaust gases.

Air flows were calculated from hot-wire anemometer measurements, air
temperatures, and barometric pressures. There were four air input
flows:

l—_

A portion of the primary combustion chamber off-gas was routed
through a water-cooled ccndenser and ice-cold trap to condense
vaporizing hydrocarbeons. A blower was fitted to the exhaust. The off-
gas flow was measured using an anemometer. However, primary ccmbustion
chamber burn conditions were such that only a small amount of
hydrocarbons were vaporized. The liquid condensed in the cold trap was
water. Therefore, that part of the test was abandoned several hours
into the burn (at about 12:50 hours). The ligquid collected was
submitted for analysis (% water, % sulfur).

DISCUSSION OF RESULTS

The results of the test burn are summarized in Tables 2, 3, 4, and
5. Information on temperatures is listed in Appendix B.



Table 2. Secondary Combustion Chamber Emissions

Flue Gas
Composition of Flue Gas® Flow, scfm
Time $ 0, % Co, ppm CO ppm NO, ppm S0,% (wet basis)

09:55 3.7 9.8 39 140 15
10:25 4.3 9.4 30 172 22
10:55 4.2 9.5 28 172 i5
11:25 4.9 9.3 20 130 25
11:55 4.5 9.2 23 126 37
12:25 5.6 8.7 21 95 13
13:20 3.8 9.5 21 107 30P
13:50 9.7 6.4 18 65 18
14:20 10.4 5.9 16 53 not taken

14:20 Shutdown

Gas bomb sample for sulfur dioxide measurement using gas
chromatograph. No other sulfur species was detected by gas
chromatograph.

b raken at 13:10 hours.

Dry basis.

Table 3. Primary Combustion Chamber 0ff-Gas Sulfur Analysis®

Sulfur Analysis, ppm
Methyl
Time B,S cos 50, cs, Mercaptan Thiophene

E_ilI111

2 off-gas goes to secondary combustion chamber




Table 4. Air and Natural Gas Feeds

Air Input

Bottom
Natural Gas, cfm Primary Primary Secondary Secondary

Time Primary Secondary  Turbulent Burner Turbulent Burner

11111

2 Gasket on observation port in primary came off at 12:50 resulting in
an alr short circuit. Air flows not measured after 12:50.

Table 5. Ash Analysis (excluding steel belts)

Ash Sample
1 2 3 4
Proximate (ASTM D#3172) -
$ Moisture 0.3 1.2 1.0 0.1
$ Volatiles 22.3 8.1 18.3 0.0
% Ash 9.1 52.9 50.9 99,9
$ Fixed Carbon 68.4 37.8 29.9 0.0
Percent Sulfur? 2.5 2.5 — -

2 pifferent samples of ash than what was used for proximate analyses

The material left after the burn consisted of 63 1b of ash-like
material and 75 1lb of steel belts; this material varied in appearance.
The analyses listed in Table 5 confirmed that parts of the residual were
completely burned (99 + % ash), some was partially burned (53% ash), and
some remained relatively unburned (9.1% ash). Owverall, the residual
sulfur remaining in the ash was 2.5% (1.3 1lb).



The watery material collected in the cold trap (about 1 liter) was
analyzed and found to contain 0.5% sulfur and about 99% water.

The flue gas flow leaving the secondary combustion chamber was
higher than what could be accounted for by measurements of air input
{Tables 2 and 4). Entech Inc. personnel report problems with the
observation port gasket in the primary combustion chamber, which would
result in additional input air. The observation port is several inches
in diameter and could account for perhaps another 100 scfm or more.

There is also a possibility that the flue gas flow based on pitot
tube measurements may be reading high, but WRI could not prove it. The
pitot tube manometer was zeroed at the start and was nulled after each
reading. When the S-type pitot tube is rotated 90° in the flue gas
stream, a zero pressure reading should occur. For the purpose of this
report, the gas flow was calculated based on pitot tube readings using a
pitot tube coefficient of 0.84.

The average sulfur dioxide in the stack was 18 ppm (dry basis). The
peak sulfur dioxide measured was 37 ppm. Based on the flue gas flows
{Table 2), the total calculated sulfur dioxide emitted for the burn is
0.67 1b. The calculated sulfur dioxide emission factor is 0.0011 lb SO,
per 1b of tires. This is much less than the sulfur dioxide emitted from
other tire burns (emission factors 0.0021 to 0.010 lb S0,/1b tires).

A sulfur material balance shows that of the total sulfur present,
about 30% went up the stack as sulfur dioxide and 70% remained behind in
the ash. A burn performed on December 5, 19%0 (Nordin and Huntington,
1991, Entech Report No. 12), had a sulfur dioxide emission factor of
0.01; 66% of the sulfur was emitted as sulfur dioxide, and 34% of the
sulfur remained behind in the ash. Part of the reason may be due to a
lower average sulfur content of the tires used in the September 17, 1991
run (0.39% S) compared with the December 5, 1990 run (0.51% S).

However, parts of the primary combustion chamber ran cool for the
September 17, 1991, burn. The tires did not liquefy and volatilize as
compared with other burns. At no time could a temperature greater than
1800°F (982°C) be maintained in the secondary combustion chamber without
supplemental natural gas. When the burn was completed, there was some
unburned residue. We believe that the cooler temperatures were
responsible for lower sulfur dioxide emissions.

The cocler temperatures may be due, in part, to a smaller tire load
than used for other burns and due to air shortcutting in the top part of
the primary ccmbustion chamber from the observation port.

No tests were carried out converting the tire ash to bricks or
evaluating its use as an agriculture supplement (see Wyoming DEQ letter,
Appendix A) because the test left unburned or partially burned ash
material (Table 5).



CONCLUSIONS

Uneven primary combustion chamber temperatures apparently were
responsible for some unburned tire residue after the test.

Lower overall temperatures in the primary combustion chamber

resulted in a lower sulfur dioxide emission factor and a higher

percentage of sulfur remaining in the ash compared with other burns.
RECOMMENDATIONS

Air input must be carefully measured and controlled for tﬁese tests.

To avoid unburned residues, we suggest lighting the bottom burner to

increase ash temperature and increasing the air flow to the bottom
for about 15 minutes at the end of the burn.
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THE STATE % 4% OF WYOMING

MIKE SULLIVAN

GOVERNOR
Department of Environmental Quality
Herschler Building ® 122 West 25th Street ® Cheyenne, Wyoming 82002
Administration Air Quality Division Land Quality Division Solid Waste Management Program Water Quatity Division
(307)777-7937 (307)777-7391 (307) 777-7756 {307)777-7752 (307)777-7781

FAX (307) 634-0799 ) FAX(307)777-5973

September 13, 1991

Mr. Jcochn S. Nordin

Western Research Institute
P.0O. Beox 3395

University Station

Laramie, Wyoming 82071-3395

Dear Mr. Nordin:

The Air Quality Division has received your supplemental information regarding
the proposed burning of tires and medical waste which is to be conducted
during the week of September 16, 1%91. For the tire burn, you have indicated
that a stream of gas from the primary combustion chamber will be condensed
prior to introducing it to the secondary combustion chamber. Sulfur is
expected to be captured in the condensed liquid and not emitted as sulfur
dioxide from the incinerator stack. Ash from this burn will be analyzed to
see if it can be used as an agricultural feed supplement.

In the medical waste burn, a small amount of material will be burned to
demonstrate the ability of this unit to fully combust the charge.
Additionally, the ash from this burn will be used to form construction bricks
and these bricks will then be tested for leaching characteristics.

The calculations provided by WRI indicates that the air pollutants generated
by these burns will be insignificant in quantity and air quality impact. Per-
mission tc conduct thess burns, as described, is hereby granted. I must
caution you that the permit which was issued for this incinerator contains a
permit condition which requires at least 14 days advance notice for any burn
which must be approved by the Administrator. 1In all future burn requests, if
this 14 day advance notice is not provided the Division will automatically
deny the request.

If you have any questions regarding this matter, please feel free to contact
this office.

Sincerely,

Obarl 2. O

Charles A. Collins
Administrator
Air Quality Division
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APPENDIX C

Medical Waste Burn, September 19, 1991
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Entech, Inc. completed a demonstration medical waste burn on
September 19, 1991, for potential Entech clients. WRI was not
contracted to participate in this burn other than to answer gquestions.

Entech procured sharps and red bag waste from Ivinson Memorial
Hospital, Laramie, Wyoming, and placed them inside eleven 2-ft?
cardboard boxes. The boxes were loaded into the primary combustion
chamber. The weights, including the cardboard boxes, were 219 1lb of
sharps and 339 lb of red bag waste. After the burn, 81 1lb of ash
including metal components were collected. WRI was provided with
temperatures and other field notes for the burn (data follows).

This burn is presented in this report because it was mentioned in

the Wyoming DEQ approval letter and WRI desires to acknowledge that the
burn was dene.
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