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AIR EMISSIONS TESTS OF SOLID WASTE COMBUSTION
- IN A ROTARY COMBUSTOR/BOILEZ SYSTEM
AT GALLATIN, TENNESSEE

SECTION 1
INTRODUCTION AND SCOPE OF WORK

INTRODUCTION

During the past six years, the study of feasibility and preliminary design of a plant
converting sewage sludge and municipal solid wastes to usable energy have been
underway in western Contra Costa County. If feasible, the waste-to-energy project
would supply electricity (and possibly steam) from sources other than oil and natural
gas-fired equipment.

The concept criginated from the intent of the West Contra Costa Sanitary District
(WCCSD) to seek lower cost electricity for its wastewater treatment plant and less
expensive sludge disposal. After an initial study in 1978, the West County Agency of
Contra Costa County (WCA) assumed sponsorship of the project. (The WCA is a

joint powers agency of the WCCSD and the City of Richmond Municipal Sewer
District.)

The WCA received funds from the California Waste Management Board (CWMB),
formerly the State Solid Waste Management Board, to conduct an air emissions test
of the Gallatin, Tennessee waste-to-energy facility. Test results from the Gallatin
rotary combustor/boiler facility will provide key air emissions data for a similar
combustion system proposed for the WCA waste-to-energy plant.

SCOPE OF WORK

1. ORIGINAL CALIFORNIA WASTE MANAGEMENT BOARD SCOPE OF WORK:
The West County Agency received initial funds from a Step I Clean Water Grant
from the State Water Resources Control Board (SWRCB) to conduct those
activities necessary to determine the feasibility of a sewage sludge co-disposal
waste-to-energy project and to do the initial planning for the faciliiy.
Additional grants from the SWRCB and the CWMB expanded the scope to
include air emissions testing of a rotary combustor/boiler facility in Kure,
Japan. The primary objective of that testing was to develop air emission
factors that represent the unabated emissions from the combustion of
unprocessed municipal solid waste and the abated emissions from an
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electrostatic precipitator and a wet serubber. The results of the test are
presented in a 1981 report prepared by Cooper Engineers, formerly Cooper &
Clark Consulting Engineers. The additional air emissions tests at Gallatin were
funded by a subsequent CWMB grant whose objectives are described below.

PRIMARY OBJECTIVES OF THE GALLATIN AIR EMISSIONS TESTING

The primary objective of the Gallatin air emissions testing was to assess the
reduction of oxides of nitrogen (NO,), non-methane hydrocarbon (NMHC) and
carbon monoxide (CO) emissions by operating the rotary combustor under
automatie combustion control (ACC). This was not assessed at Kure; although
that facility did have ACC, it was operated in the manual mode by the City.
Ishikawajima-Harima Heavy Industries, Ltd. (IHI), the plant engineers, have
successfully operated the Kure facility on the ACC system. Lower NO, and CO
emissions by combustion control is a critical factor in obtaining an Authority to
Construct and a Permit to Operate from the Bay Area Air Quality Management
Distriet (BAAQMD).

Another objective of the testing was to measure unabated acid gas emissions.
This information is needed to develop design and operational criteria for the
proposed dry scrubber/fabric filter air pollution control equipment selected as
best available control technology (BACT) for the WCA project.

Additional test data from Gallatin requested by the regulatory agencies to
compare with that obtained at Kure included emissions of total heavy metals
and their characterization by particle size ranges. Non-methane hydrocarbons
were to be determined on a continuous basis using US. Environmental
Protection Agency (U.S. EPA) Method 25.

The Gallatin testing also measured the efficiency of the Apitron
electrostatically-assisted fabric filter. If proven, this type of particulate
control system could be installed in California.

CALIFORNIA AIR RESOURCES BOARD REVIEW OF SCOPE OF WORK

The California Air Resources Board (CARB) is the State agency with the
responsibility to review the granting of air permits by the regional air quality
management and air pollution control districts such as the BAAQMD. Having
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this important review capacity, especially regarding the choice of BACT, the
scope of work and testing protocol were reviewed by CARB at the request of
the CWMB. The following is a synopsis of their comments:

o Continuous emissions monitors should be used for O, in addition to
NO, and CoO.

o The five-stage, in-stack cyclone sampler (multiclone) designed by
Southern Research Institute (SoRI) should be used to measure
particle size and collect sufficient particulate in the different size
ranges for heavy metal analysis in lieu of using the Andersen
cascade impactor.

o Particle size analyses should include analyses of the following
heavy metals: arsenic, beryllium, cadmium, chromium, copper,

manganese, molybdenum, nickel, lead, antimony, selenium, tin,
vanadium, and zine.

o HCl concentrations should be obtained by continuous analyzer, if
possible.

o HF should be sampled by U.S. EPA Method 13B.

o Low molecular weight and high molecular weight organic
compounds should be identified.

o Mercury should be tested using U.S. EPA Method 101.

Most of CARB's recommendations were incorporated in the final testing
protocol which is described in Subsection 1.B.4. The significant differences
were: that a continuous HCl analyzer, although available at the Kure facility,
was unavailaple in this country; that fluoride analysis by particle size and in the
gaseous state was substitued for U.S. EPA Method 13B; and that separate
analyses of trace organic compounds was too expensive for this program, either

analyzed under this grant or analyzed separately by CARB with sampling
performed under this grant.



FINAL TESTING PROTOCOL

Table 1-1 shows the final testing protocol that was taken to Gallatin having
been approved by CWMB and CARB. This testing protocol only differs from the
actual testing schedule described in Table 4-1 as to the sequence in which
samples were taken.
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A.

C.

SECTION 2
SUMMARY OF AIR EMISSIONS TEST RESULTS

TEST ARRANGEMENTS

Testing of air emissions from the rotary combustor/boiler system burning municipal
solid waste was conducted in Gallatin, Tennessee. The Resource Authority in
Sumner County (RASCO) operates two 100-ton per day (TPD) rotary combustors
attached to waterwall-type boilers in a solid waste processing facility designed to
produce a total of 45,000 pounds per hour (TPH) of steam. The facility began

operation in December, 1981. The air emissions testing was performed from
February 6 to 21, 1983.

Permission to test the Gallatin facility was obtained through the efforts of the
O'Connor Combustor Corporation and was approved by RASCO. Cooper Engineers
was the prime organizer and principal investigator with subcontracts to
Chemecology Corporation for some of the on-site sampling and measurements.
Several subcontractors were retained for special off-site analyses made on samples
returned to the San Francisco Bay Area.

DEVELOPMENT OF TESTING METHODOLOGY

The air emissions testing methodology emerged from a series of meetings with
representatives of BAAQMD, CWMB, and CARB. Although U.S. EPA methods were
utilized wherever possible, additional methods were applied to provide data that
would be applicable to other air quality management and air pollution control
districts in California. Emphasis was given to identifying "non-regulated" air
pollutants as well as traditionally "regulated" air pollutants and process variables.
The incoming municipal solid waste (MSW), residue, specially processed solid waste,
and two separate incoming waste materials were also tested.

REGULATED AIR POLLUTANTS

The results of air emissions tests for the "regulated" or criteria air pollutants —
those named in the New Source Review Rules and New Source Performance
Standards — are shown in Table 2-1. The unabated emissions are given in average

- values of four units of measure:
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(1) Flue gas concentration of the pollutant (grains per Standard Dry Cubie
Foot (gr/SDCF) at 12% CO, or ppmy, at 7% Os),

(2) Pounds of pollutant per hour for the 100-TPD combustion unit (1b/hr),

(3) Pounds of pollutant per ton of as-received MSW burned (1b/ton),

(4) Pounds of pollutant per million Btu (1b/106 Btu) of heat input from the
as-received MSW,

Table 2-2 gives the controlled, or abated, air emissions found at the Gallatin
facility, as well as the control efficiencies of the facility's air pollution control
equipment.

Anticipated air emissions at other planned rotary combustor facilities may be
calculated by matching the unabated air emission factors reported here with the
proposed plant's MSW mass or heat input and reducing the unabated emissions by the
efficiencies of the planned air pollution control equipment (i.e., as required by
BACT) where applicable. The maximum values, reported in ppmy, are the "rolling"
averages of the "worst case" time periods and should be used only in Ambient Air
Quality Impact Analyses (AAQIAs) for comparison with their corresponding
short-term ambient air quality standards (e.g., the respective 1-hr, 2-hr, or 3-hr
standards).

NON-REGULATED AIR POLLUTANTS

The results of air emissions tests for "non-regulated" air pollutants — those
pollutants without a specific standard or regulation — are shown in Table 2-3. The
data give average unabated air emissions values in a similar format to that in
Table 2-1. A table showing abated air emissions for "non-regulated" air pollutants
was not prepared although the reaction of sulfate and ammonia in the flue gas
significantly reduced the amount of each that was emitted. Section S, Subsection L,
describes the reaction of sulfate and ammonia at the gas air heater (GAH) outlet to
form ammonium bisulfate.

HEAVY METAL EMISSIONS

The results of air emissions tests for heavy metals are shown in Table 5-24.
US. EPA Method 101 tests for total mercury were performed and the results are
presented in Table 5-22. Table 5-25 shows the percentage of the specific heavy
metals in three particle size ranges.
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The forecast of abated heavy metal emissions for other projects is dependent on the
efficiencies of the planned air pollution control equipment in each particle siz.
range and the amount of heavy metals in that size range. Details on particle sizing
and heavy metal distributions are contained in Section 5, Subsection F of this report

SOLID WASTE AND COMBUSTION RESIDUE CHARACTERISTICS

The municipal solid waste combusted during the week of February 7, 1983, i
Gallatin, Tennessee, had on the average the following higher heating value (HHV,
and moisture:

7,210 Btu/1b Dry Basis - HHV
41.54% - Moisture
4,215 Btw/1b As-received-HHV
The residue from the combustor average the following heating value and moisture:
2,140 Btw1b Dry Basis - HHY
58.18% - Moisture

838 Btu/lb As-produced-HHYV

The net average heat input to the combustor was 29.01x108 Bty/nr.
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SECTION 3

DESCRIPTION OF THE GALLATIN
ROTARY COMBUSTOR FACILITY

GENERAL DESCRIPTION

The Gallatin facility utilizes two 100 TPD O'Connor rotary combustors to burn all of
the MSW that is generated by Sumner County's 80,000 residents. Operating 24 hours
a day, seven days a week, the facility supplies steam to three customers and also
co-generates 500 kilowatts of electricity. The facility has its combustion equipment
and storage pit enclosed in a building that is visually appealing and compatible with

the semi-rural industrial park in which it is located. (Figure 3-1, Photographs 1
and 2.)

The various aspects of the facility can best be shown by the photographs and by the

discussion below. The photographs (Figure 3-1) are contained at the end of
Section 3.

See Figure 3-2 for a cross-section of the facility.

WASTE RECEIVING AND STORAGE AREA
Trucks are weighed entering and exiting the plant. After weighing, the collection

vehicles proceed to the 550-ton storage pit to dump their contents. (Figure 3-1,
Photograph 3.)

Two overhead cranes mix the solid waste in the pit and deposit it into the feed
hoppers for each rotary combustor. (Figure 3-1, Photograph 4.)

WASTE COMBUSTION SYSTEM

Once the solid waste is in the feed hopper, it is fed into the rotary ecombustor by a
ram feed system (Figure 3-1, Photographs 5 and 6) at a rate that is determined by
the operator in the control room. Combustion air is pre-heated to 450°F and then
forced into the combustor as underfire and overfire air. Figure 3-1, Photograph 7
shows the facility control room and control panel.

-12 -
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As combustion takes place, the solid wastes are mixed by the rotation of the rotary
combustor barrel (approximately 1/5 RPM) and moved the length of the rotary
combustor. Figure 3-1, Photograph 8 shows the outside of the rotary combustor and
Figure 3-1, Photograph 9 shows the inside of the rotary combustor barrel,

The rotary combustor is mated to a Keeler waterwall boiler. Figure 3-1,
Photograph 10 shows the top of the boiler and the steam drum. The bottom ash
passes through the base of the boiler and into the quench tank to be removed by an
ash drag system and is deposited into a dumpster. Figure 3-1, Photograph 11 shows
the bin with combustion residue ready for transportation to the landfill.

Steam is produced in each unit at a pressure and temperature of 425 psig and 525°F
at a maximum rate of 27,000 lb/hr. All the steam produced is passed through a
turbine generator before being distributed to the steam customers at approximately
200 psig.

AIR POLLUTION CONTROL SYSTEM

After the heat is extracted in the boiler, the flue gases pass through the GAH, where
additional heat is captured to warm the combustion air. The flue gases then pass
through a cyclone dust collector and to an electrostatically assisted baghouse,
manufactured by Apitron, as shown in Figure 3-1, Photographs 12 andl13.

MATERIALS RECOVERY SYSTEM

In conjunction with the plant MSW feed system, there is an independent materials
recovery system owned and operated by National Recovery Technologies, Inc. (NRT)
of Nashville, Tennessee. This facility operates in parallel with the RASCO. The
NRT process employs a combination of magnetic, mechanical, and manual separation
steps to remove non-combustibles from the waste stream and provide an "enhanced"
material to burn. The rotary combustor can burn both the MSW "as delivered" and
the NRT processed material. During the testing period, the operation was monitored
burning both types of waste. '

-14 -
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B
OPERATION OF THE ROTARY COMBUSTOR l
In a waterwall incinerator burning MSW it is difficult to control the stegm flow,
output and excess air levels in the boiler due to the wide range of variability in the.
physical and chemical properties of the fuel being used.

Combustion of MSW in the rotary combustor/boiler can be controlled by adjusting
the combustion air flow, MSW feed rate, and the combustor RPM. The control room
operator, by observing the rotary combustor video monitor and control system
readings, can compensate for the variability of the fuel.

For smooth and continuous operation of the unit, it is essential that the MSW has
been thoroughly mixed in the pit prior to feeding and then properly loaded into the.
charging chute. Maintaining an even feed from the rams is also essential for even
burning and hence a constant stegm flow. The time for the rams to make one.

complete charging cycle is around six minutes and if there is a hopper jam, it can

usually be broken by manually operating both rams together.

-

The firing conditions for the best operation of the unit are as follows:

Steam flow should run in the 22-25,000 1b/hr range. Maximum for unit is
27,000 1b/hr.

|
|
Maintain combustor inlet temperature at about 800°F (see thermocouple .
at entrance to the rotary combustor - Figure 3-1, Photograph 9).
Maintain "furnace" temperature at about 1200°F (thermocouple in the .
furnace is at the entrance to the screen tubes and superheater). .
These two temperatures indicate the fuel burning conditions and give advance
warning of changes taking place in the combustor. If the temperature at the.
combustor inlet rises rapidly or is running above furnace temperature, then the
combustor is burning too short. This indicates that the feed rate should be
increased. If this persists, even with the higher feed rate, the material being burned
is probably very dry and it may be necessary to decrease the air in the windbox in '
zone "A", i.e., closest to the feed end of the combustor.

|

. & -
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The furnace temperature is an index of the heat input to the boiler. At 4 typical
operating load of 22,000 to 25,000 Ib/hr steam flow, this temperature should be
around 1200°F., plus or minus 100°F. If this temperature increases, there is too
much fuel going into the combustor. If it decreases, there is not enough fuel being
fed. If it drops rapidly, there is probably a jam in the inlet chute preventing fuel
from entering the combustor. '

When the combustor inlet and boiler furnace temperatures are uniformly different

and are not changing, then the MSW feed rate, combustor RPM and combustor
airflow are adequate.

The combustor rotates at a constant speed, under normal operating conditions; this
is about one revolution every five minutes. For very wet refuse, the combustor may

have to be slowed below this speed and for very dry refuse, the speed may be
increased.

Airflow is maintained at a constant level and is distributed to the combustor through
a windbox. The combustor windbox is divided into three zones (A, B, C) along the
length of the combustor, as shown in Figure 3-3. These zones are used to distribute
the combustion air to the fuel bed in the combustor and they can be adjusted by the

control room operator to maintain the correct combustion temperatures as described
above.

Each zone is divided into 3 sections across the combustor and these are controlled by
a manual damper. All of the dampers are set wide open except for the three (3)
dampers on the left hand side of the unit. These three dampers control the overfire
air (OFA) inside the combustar barrel and are very important for controlling burnout
conditions. In general:

o For dry garbage and/or "sticky" ash - open the OFA dampers.
o For wet garbage and/or bad burnout - close the OFA dampers.

The combustor is designed to operate at 50% excess air. This translates to an
approximate value of 6% (wet) O, on the control room recorder.

-16 -
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For proper combustion the O, should be in this region.

If Oy is consistently below 6%, the steam flow will probably be above 25,000 lb/nr.
This indicates over feeding or a hot fuel and the ram feed rate should be reduced.

If the Oy is consistently above 6%, the steam flow will probably be below
20,000 Ib/hr. The operator should check for any obvious air infiltration such as
boiler ports left open or low water level in the quench tank, i.e., poor boiler seal. If
there is no air infiltration, then increase the ram feed rate.

The combustor controls can be operated either manually or in an automatic mode.

The following sections describe the development of the automatic combustion
control system.

1. ORIGINAL DESIGN OF AUTOMATIC COMBUSTION CONTROL SYSTEM
An ACC system was designed for the rotary combustors at the Gallatin facility
to produce the required steam flow, steam drum pressure, and excess air levels
by controlling the combustion air flow, MSW feed rate and combustor RPM.

Figure 3-4 shows the relationship between the operating parameters of steam
flow and excess air to the operating variables of combustion air flow, MSW feed
rate and combustor RPM as it was originally designed.

2. CHANGES TO ACC SYSTEM
Once the facility had been in operation, it was necessary to incorporate some
changes to the ACC system in order to achieve a more consistent operation of
the units. The initial changes that were made were to include limits in the
controllers so that the combustion air flow, MSW feed rate and combustor RPM
would vary within a specified operating range. This made the operatlon more
consistent and helped to avoid overfeeding situations.

Other changes that were made included changing the basic control loop and the
steam control system in an effort to produce a more consistent steam flow to
the facility's customers as well as improving burnout.

-18 -



FIGURE 3-4

ORIGINAL GALLATIN AUTOMATIC COMBUSTION CONTROL SYSTEM
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3.

An automatic controller was included on the combustor inlet A-zone air damper

in order to control the air flow and maintain a constant temperature at the
combustor inlet.

It was found from earlier Cooper Engineers testing that the boiler overfire air
and grate air was ineffective, so these systems were no longer used and all of
the combustion air is now introduced through the rotary combustor as underfire
and overfire air.

ACC SYSTEM DURING TESTING
At the time that the testing took place in February 1983, the ACC system had
been revised and simplified and the basic control loop is shown in Figure 3-5.

In conjunction with the revised instrumentation control loop the by-pass valve
on the steam flow control (schematic shown in Figure 3-6) was opened fully so
that the boiler drum presshre was now controlled by the nozzle flow rate of the
turbine. This allows the boiler drum pressure to vary while providing a more
consistent steam flow to the customers.

The combustor is generally operated under the revised ACC system except in

those situations where the unit is being run at a reduced load or an unusual fuel
is being encountered, requiring operator assistance.

-920 -




FIGURE 3-5

MODIFIED GALLATIN AUTOMATIC COMBUSTION CONTROL SYSTEM
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Figure 3-1 Photographs of Gallatin, Tennessee

Photograph 1
Outside of Building

Photograph 2
Outside of Building
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Figure 3-1 (Continued)

Photograph 3
Dump Pit

Photograph 4
Feed Hopper
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Figure 3-1 (Continued) .

Photograph 5
Ram Feed System

Photograph 6
Ram Feed System
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Figure 3-1 (Continued)

Photograph 7
Control Room
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Figure 3-1 (Continued)

Photograph 8
Outside of Combustor

Photograph 9
Inside of Combustor
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Figure 3-1 (Continued)

Photograph 10
Top of Boiler
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Figure 3-1 (Continued)

Photograph 11
Bin with Combustion Residue
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Figure 3-1 (Continued)
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Photograph 12

Photograph 13
Cyclone/Apitron

Cyeclone/Apitron
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SECTION 4
AIR EMISSIONS TESTING METHODOLOGY

A. PURPOSE

The air emissions testing of the Gallatin rotary eombustor was conducted to obtain
the most representative air emissions data possible for the WCA waste-to-energy
project. The Gallatin facility was chosen to present a comparison of the air
emissions factors from American municipal solid waste versus the emission factors
from the Kure, Japan waste because the two facilities' combustion systems are
basically identical. The two Gallatin O'Connor units are 100 TPD each and the Kure
O'Connor units are 165 TPD each. Because of the similar combustion configuration
much of the air emissions testing and analyses performed were similar.

B. FINAL TESTING SCHEDULE

The testing schedule for the two weeks at Gallatin is described in Table 4-1. The
testing schedule sequence differs somewhat from the schedule developed prior to
arrival in Gallatin because the multiclone sampling had to be scheduled later in the

week in order that a sampling port of sufficient size be installed for the multiclone
sampling.

The actual daily CEM testing schedule included approximhtely 23 hours of
measurements with less than 1 hour for spanning, calibrating, and draining water
from the sample conditioner. The calibration was typically done in the morning and
evening as follows: NO, was calibrated for 15 minutes at 0 and 98 ppmgyy. The SO,
instrument was calibrated for 15 minutes at 525 ppmgy, or 93 ppmy,, depending on
S04 range, and 0 ppmyy,. Oxygen was calibrated with the ambient air (21% 02) and
4 zero oxygen gas. CO, was calibrated with 12.26% and 0% span gases. The non-
methane hydrocarbon analyzer was calibrated with a zero gas and a
CO/CO,/CH4/C3Hg mix (47.9 ppmygy / 2.09%/ 50.5 ppmy, / 50.6 ppmg,). This mix
would give a NMHC standard of 151.8 ppmy,» Which is 50.6 x 3. CO was calibrated
with a span gas cylinder at 2,089 Ppm 4y and 0 ppm y,,.
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C.

SAMPLING LOCATIONS

The sampling locations used for the testing are shown in Figure 4-1, a eross-section
of the plant. In this figure the different sampling points are noted. Sampling point 3
described as the "Combustor Outlet"” on all of the air emissions test data tables, is
actually at the GAH outlet.

Figures 4-2, 4-3, and 4-4 show the dimensions of the ducting and location of the
sampling ports for the different sampling points. Pictures of two of the sampling
sites, point 3 and point 1, are shown in Figures 4-5 and 4-6, respectively.

SAMPLING METHODS

The sampling methods used to extract and analyze the gas samples from sampling
points 1, 2, and 3 (on Figure 4-1) are detailed with their own references in the
Appendix, Part 1. Described are sampling and analysis for initial moleular weight
and percent water, velocity traverse and volumetric flow rate, particulate
emissions, sulfur oxides, mercury, acid gas, and aerodynamic particle size by the
Andersen Mark 0 Cascade Impactor and the Flowsensor Multiclone. The sampling
methods in general followed U.S. EPA test methods as given in the Code of Federal
Regulations, Title 40, Part 60, Appendix A and Part 61, Appendix B.

Parameter Test Method
Gas analysis for molecular w¢ -t US. EPA Method 3
Moisture in stack gases US. EPA Method 4
Velocity traverse points US. EPA Method 1
Velocity and volumetric flow rate U.S. EPA Method 2
Particulate, S0y, SO3 emissions US. EPA Method 5/8
Mercury emissions US. EPA Method 101

The combination train, US. EPA Method 5/8, is a Method 5 train on the front half
and a Method 8 on the back half of the train. This allows the determination of
particulate, particulates with condensibles, SOy, and SO, emissions with one train.
Particle sizing was performed with a typical Andersen train: an Andersen cascade
impactor connected via tubing to a condensing section and then to a pump/meter
set-up. The five-stage Flowsensor Multiclone was set up similarly but the cyclone

allows for more sample to be collected, so heavy metals could be determined on the
fractions collected.
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FIGURE 4-1

DINGRAM OF SAMPLING POINT 3, GAH OUTLET
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FIGURE 4-3

DIAGRAM OF SAMPLING POINT 2,CYCLONE OUTLET
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FIGURE 4-4

DIAGRAM OF SAMPLING POINT 1, MAIN STACK
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Figure 4-5

Photograph of Sampling Point 3, GAH Outlet
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Figure 4-6

Photograph of Sampling Point 1, Stack
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Heavy metals were analyzed by atomic absorption by Brown and Caldwell
Environmental Laboratory, Emeryville, California, from samples taken from the
particulate catch of each multiclone. The stages of the multiclone were combined,
if necessary, to provide approximately 100 milligrams of sample. The concentration
of the heavy metals in the various multiclone stages and the final filter, including
blanks, are detailed in the Appendix, Part 2. The particulate in the cyclones and the
material collected in the condensing section of the multiclone train was analyzed for
fluoride by Brown and Caldwell by ion chromatography. The detailed lab sheets are
included in the Appendix, Part 2.

The "acid train" was a U.S. EPA Method 6 type train, except that distilled water was

used in the impingers. The train was used to determine chloride, fluoride, and
ammonia emissions.

Sample points 4 and 5 (on Figure 4-1) are where the samples of MSW and residue,
respectively, were taken. The proximate, ultimate and calorific value analyses of
the solid waste and residues were performed by Curtis and Tompkins, Ltd.,
San Francisco, California, in accordance with ASTM Standard Methods D-3172-73,
D-3176-74, and D-2015-66 (reapproved 1972), respectively. The sampling and
analysis of solid waste did not include separation into the various waste fractions
because of cost considerations. After the solid waste was obtained by diverting a
crane load from the feed chute, the following sequence was performed: breaking
open all the material, mixing thoroughly and then quartering the pile; next the
alternate quarters were discarded; the remainder was remixéd, quartered again,
discarding alternate quarters; the final opposite two quarters were mixed and a
15-20 1b sample was double bagged in plastic and taken to the laboratory. On
Tuesday, February 8, 1983, a sample from all four quarters was taken and analyzed
to determine the representativeness of each quarter-pile. Residue samples were
obtained for laboratory analysis from the combustion residue as it dropped from the
ash drag conveyor into the residue bin.
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The continuous emissions monitoring was performed by Cooper Engineers in

Chemecology's mobile van. The following gases were analyzed using the equipment
and methods as follows:

Gas Analyzer Analysis Technique
09 Taylor Servomax OA 580 paramagnetic

Cco Infrared Industries IR-702 infrared (NDIR)
COq " " " "

NO, Monitor Labs 8430 chemiluminescence
SO, Dupont 400 ultraviolet
NMHC Byron 401 GC/FID

The sample lines for the monitors were connected to the cyclone outlet on
February 6, 1983, and moved to the GAH outlet on February 10, 1983, for the
remainder of the test. Each line was directed to a water knockout to prevent
condensation in the sample line to the analyzer. A separate heated sample line was
used from a GAH outlet sample port to the Byron 401 analyzer.

The original CEM data sheets with calibration notations are included in the
Appendix, Part 2.
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SECTION 5

AIR EMISSIONS TEST DATA
AND EMISSION FACTORS

The results of the air emissions testing, including all the data and emission factors, are
contained in this twelve-part section. Each part includes a discussion of the data,
relevant tables, and references to the original field data sheets, calculation sheets, and
continuous monitoring read-outs contained in the Appendices. The testing procedures
were observed by a representative of the U.S. EPA Region IX, and the report is included
in the Appendix, Part 3.

A. SOLID WASTE

1.

FEED RATE:

Solid waste was fed to the rotary combustor from one of the two overhead
cranes. One overhead crane was equipped with a load cell that recorded the
weight of the solid waste dropped into the hopper of the feed chute. The crane
operator recorded the time and weight of each load. The erane operator's log is
included in the Appendix, Part 4. Only one crane was equipped with a load
cell. The crane operators were not able to use the load cell consistently
because the bucket on the crane had a tendency to angulate when picking up and
dropping the MSW, thus making operation of the bucket difficuit. Table 5-1
shows the hourly feed rate and the hourly number of loads.

The load cell weights were averaged to give hourly feed rates. On Thursday and
Friday both MSW and NRT were fed to the rotary combustor. Because the load
cell was unavailable on Friday, February 11th when feeding MSW, the hourly
average for that day for MSW is an average of all the previous hourly MSW load
cell readings. The schedule of feeding for MSW and NRT during the two weeks
is shown on Table 5-8.
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2. FUEL SAMPLING SCHEDULE:
The solid waste was sampled in conjunction with the in-duct testing when
possible. The sampling schedule in Table 5-2 shows when a solid waste sumple
was taken. A solid waste sample was taken during the first five or ten minutes
of either a U.S. EPA Method 5 or Method 101 test in order to have fuel analyses
to compare to the pollutant sampling.

3. FUEL SAMPLE ANALYSES:
The solid waste that was fed to the rotary combustor during the air emissions
testing was analyzed by proximate, ultimate and calorific value analyses in
accordance with ASTM Standard Methods. The results of these analyses are
shown in Table 5-3. In addition to the as-received solid waste analyses, the
preprocessed NRT fuel was also analyzed.

During the second day of testing, unusually high SO, concentrations for a
waste-to-energy plant were recorded and an abnormal amount of blue
photograpnic chips and asphalt shingles were observed in the feed. Suspicious
that the waste from an industrial source high in sulfur was dumped at the plant,
the "blue chips" and asphalt shingles were analyzed by proximate, ultimate and
calorific value analyses. The results of these analyses are shown in Table 5-4.
As can be seen, the sulfur content in these two materials did not contribute
significantly to the inexplicable high 802 CEM readings that were recorded, see
Table 5-28, nor to the high sulfur content of the waste analyzed during
Wednesday, February 9, 1983, see Table 5-3.

4. FEED RATE DURING AIR EMISSIONS SAMPLING
The feed rate of MSW or NRT during sampling was used to calculate emission
factors in pounds of pollutant per ton of feed. The feed rates were calculated
from load cell data averaged during the sampling period, if available, or
averaged over the sampling day. When averaging feed rates during the sampling

period, the time chosen for start and finish reflected a full feed hopper and
chute.
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Monday, February 7
10:42 A.M.

Tuesday, February 8
9:10 to 9:30 A.M.

10:35 A.M.
11:30 A.M.
1:40 P.M.

5:00 P.M.

Wednesday, February 9

9:50 A.M.

2:00 P.M.

Thursday, February 10
9:10 A.M.

2:10 P.M.

Friday, February 11
4:00 P.M.

4:30 P.M.

TABLE 5-2 :
SOLID WASTE SAMPLING SCHEDULE

February 7-11, 1983

Solid waste sample taken for proximate, ultimate and

calorific value analyses.

Four solid waste samples from same crane load quartered and
taken for proximate, ultimate and calorific value analyses.

Solid waste sample taken for proximate, ultimate and

calorific value analyses.

Solid waste sample taken for proximate,
calorific value analyses.

Solid waste sample taken for proximate,
calorific value analyses.

Solid waste sample taken for proximate,
calorific value analyses.

Solid waste sample taken for proximate,
calorific value analyses.

Solid waste sample taken for proximate,
calorific value analyses.

Solid waste sample taken for proximate,
calorific value analyses.

Solid waste sample taken for proximate,
calorific value analyses.

ultimate

ultimate

ultimate

ultimate

ultimate

ultimate

ultimate

and

and

and

and

and

and

and

Solid waste sample processed by NRT taken for proximate,

ultimate and calorific value analyses.

NRT sample taken for proximate, ultimate and calorific vaiue

analyses.
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West County Agency of Contra Costa County July, 1984
Waste Co-Disposal/Energy Recovery Project

TABLE 5-4
CALORIFIC VALUE, PROXIMATE AND ULTIMATE ANALYSES OF UNUSUAL FUEL
CONSTITUENTS (SHINGLES AND BLUE PHOTOGRAPHIC CHIPS)

2/9/83 2/9/83 2/9/83
at at at

Date and Time Sample Taken 0950 1040 1040
PROXIMATE ANALYSIS

Dry Basis Blue Chips Blue Chips Shingles
Higher Heating Value Btu/lb 3,852 8,780 7,008
Moisture (as-received) % 17.54 21.05 NIL
Higher Heating Value Btu/lb 4,826 6,932 7,008

(as received)
Volatile Matter % 58.04 85.84 45.39
Fixed Carbon % 4.26 9.57 3.62
Ash % 37.70 4.59 50.99
ULTIMATE ANALYSIS

Dry Basis
Carbon % 43.09 60.61 . 43.39
Hydrogen % 3.21 ' 4.10 5.39
Nitrogen % <0.10 <0.10 0.10
Sulfur % 0.81 0.85 0.08
Ash % 37.70 4.59 50.99
Oxygen (by Difference) % 15.19 29.85 0.05
Chlorine % 0.51 0.53 0.40
Fluorine % XXXX XXXX XXXX
Mercury ppm XXXX XXXX XXXX
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RESIDUE

The residue, like the solid waste, was sampled during the in-duct sampling; however,
the residue was taken approximately one-half hour after the solid waste sample.
The residue consisted of both boiler bottom ash and flue gas fly ash that had been

collected and placed in the quench tank. The sampling schedule is shown in
Table 5-5.

The residue was collected in 8-ounce jars as it fell from the ash drag conveyor into

the residue bin. The residue was analyzed by proximate, ultimate and calorific
analyses as shown in Table 5-6.

The amount of residue that was collected each day was calculated from the truck
drivers log of bin weights that were taken daily before the residue went to the
landfill, as shown in Table 5-7. A copy of the log is contained in the Appendix,
Part 4. The residue samples that were collected include a significant amount of
water carried over from the quench tank. During later testing of the amount of
water taken to the landfill by RASCO, approximately 2100 pounds of free standing
water was emptied through a bung hole placed in the bottom of a residue bin.
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West County Agency of Contra Costa County July, 1984
Waste Co-Disposal/Energy Recovery Project

TABLE 5-5 ,
RESIDUE SAMPLING SCHEDULE

February 7-11, 1983

Monday, February 7

11:20 A M. Residue sample taken for proximate, ultimate and
calorific value analyses.

Tuesday, February 8

10:15 A.M. Residue sample taken for proximate, ultimate and
calorific value analyses.

2:40 P.M. Residue sample taken for proximate, ultimate and
calorific value analyses.

5:20 P.M. Residue sample taken for proximate, ultimate and
calorifie value analyses.

Wednesday, February 9

10:20 A.M. Residue sample taken for proximate, ultimate and
calorific value analyses.

2:20 P.M. Residue sample taken for proximate, ultimate and
calorific value analyses.

Thursday, February 10

9:20 A.M. Residue sample taken for proximate, ultimate and
calorific value analyses.

2:20 P.M. Residue sample taken for proximate, ultimate and
calorific value analyses.

Friday, February 11

4:30 P.M. Residue sample taken for proximate, ultimate and
calorific value analyses.
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TABLE 5-7
RESIDUE COLLECTION(1)

February 7-11, 1983

Monday, February 7, 1983
56.2 Tons Collected

Tuesday, February 8, 1963
46.7 Tons Collected

Wednesday, February 9, 1983
47.4 Tons Collected

Thursday, February 10, 1983

42.2 Tons Collected

Friday, February 11, 1983
41.5 Tons Collected

(1) Residue collected in bins weighing approximately 14 tons.
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West County Agency of Contra Costa County July, 1984
Waste Co-Disposal/Energy Recovery Project

C. OPERATION OF THE ROTARY COMBUSTOR

1.

OPERATING SCHEDULE:

The operating schedule of Unit #1 is shown in Table 5-8. This table shows
whether MSW or NRT was burned, the hours the unit was running and the hours
that the CEM were recording data.

NET HEAT INPUT:

The net heat input to the combustor can be calculated as the difference
between the as-received MSW heat input, Table 5-3, and the remaining residue
heat value, Table 5-6. This difference is shown in Table 5-9, coinciding to the
approximate times of MSW and residue sampling. The average net heat input to
the system was 29.01 x 106 Btu/hr for the period of February 7-11, 1983.

WEIGHT REDUCTION FOR THE ROTARY COMBUSTOR:

The weight of the solid waste reduced by the O'Connor Rotary Combustor on a
wet and dry basis is shown in Table 5-10. The results show that the waste is
reduced by 79% on a dry basis and 48% on a wet basis. RASCO does not pay by
total weight for the residue taken to the landfill; therefore, the plant operators
were not concerned about hauling the additional water added to the residue
from the quench tank.

PROCESS DATA:

Process data for the rotary combustor/boiler was recorded during the testing
period by instrumentation in the facility control room, as part of the normal
plant operation. Instrumentation continuously monitors the steam flow, air
flow, boiler outlet % O, (wet), steam temperature and pressure and
temperatures throughout the combustion equipment and records these data on
strip charts.

Cooper Engineers processed these data into five-minute increments to match
the CEM increments over the entire two week testing period for evaluation.
The data can be found in the Appendix, Part 2.
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D.

FLUE GAS DATA

1.

FLUE GAS FLOW RATE:

The data from the sampling for mercury, particulate and 502/503 include
several data sets on the flue gas flow characteristics from the rotary
combustor/boiler. The data are presented in Table 5-11 giving average velocity
and flow rates at the combustor outlet (the GAH), the Apitron outlet
(the stack), and the cyclone outlet. Velocity and flow rate data were also taken
during the aerodynamic particle size distribution sampling with the Andersen
cascade impactor and the multiclones but were not used in the averages because
they represent single point samples. The flow rate data for all the testing may
be found in the Appendix, Part 2.

The flow rates presented in Table 5-11 indicate that the flow rates at standard
conditions are about 40% higher at the Apitron outlet than the rotary combustor
outlet. Dilution air can possibly account for about 20% higher flow, as shown in
Table 5-12. When the rotary combustor outlet data are compared to that
predicted by the U.S. EPA F-factor (as discussed in Subsection 5.D.3 below), the
difference was only 4%, as shown in Table 5-13. Therefore, the flow data at the
combustor outlet appears to be accurate and the 20% difference between the
combustor outlet and the Apitron could have been from flow measurement
error, i.e., a pitot tube error at the Apitron outlet.

Oy AND COy

Table 5-14 shows a comparison of O, and CO4 data between the continuous
emissions monitor and Orsat readings taken at approximately equivalent times.
The readings appear to be similar but with no high or low pattern comparison.
The best of these data were used to correct the pollutant concentrations to
7% O4 or 12% CO,, whichever was appropriate.

U.S. EPA F-FACTORS

The U.S. EPA describes F-factors (see 40 CFR 60.45) as ratios of the standard
flue gas volume released during combustion of a fuel divided by the heat
content of that fuel. A dry F-factor (Fd) is the ratio of the standard dry volume
of flue gases generated to the dry gross calorific value of the fuel combusted.

Fd= 106 (3.64 (%H)+1.53 (%C)+0.57 (% S)+0.14 (% N)-0.46 (% O))
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West County Agency of Contra Costa County

4 h July, 1984
Waste Co-Disposal/Energy Recovery Project

TABLE §-11
VELOCITIES, FLOW RATES AND DUCT TEMPERATURES/PRESSURES

Flow Rates
Average
Date Velocity T°F scFMY  spcewm
Location & Time FPS %O, _ _ACFM at P"Hg SDCFM at7% 0,
Combustor Outlet 2/6/83 at 45.6 4.6 18,189 470 10,227 10,002
1310 29.08 8,529
Combustor Outlet 2/7/83 at 45.4 9.0 18,730 434 10,648 7,789
1050 29.33 79,09
Combustor Outlet 2/8/83 at 46.2 10.2 19,044 425 10,967 7,091
0855 2933 '9'LT§,5
Combustor Outlet 2/8/83 at 46.2 10.6 19,037 420 ' 11,032 7,045
1320 35933 “"5‘6‘59,
Combustor Qutlet 2/8/83 at 47.0 12.8 19,370 422 11,199 5,487
1647 . 'ﬁ'ﬁ,
Combustor Outlet 2/9/83 at 43.6 8.7 17,999 432 10,224 7,583
0940 29.15 78,64
Combustor Outlet 2/11/83 at 46.7 8.6 19,244 474 10,429 7,763
1552 29.12 ‘aLm
AVERAGES 45.8 18,292 ., = 10,675 7,537
14
Apitron Outlet 2/8/83 at 24.8 10.0 24,519 328 15,974 10,731
1321 2954 13,684
Apitron Outlet 2/8/83 at 25.3 11.9 24,998 336 16,116 8,918
1648 29.54 13,774
Apitron Outlet 2/9/83 at 23.2 1022 22,931 338 14,667 9,649
0830 29.36 12,535
Apitron Outlet 2/11/83 at 23.4 9.5 23,155 363 14,336 10,059
1556 - 29.33 17,
AVERAGES 24.2 23,901(3) — 15278 9,839
13,065
Cyclone Outlet 2/6/83 at 50.1 4.62) 20,688 451 11,462 11,209
1330 29.08 9,559

(1)  Standard conditions = 60°F and 29.92" Hg

(2)  Assumed by Chemecology in calculating flow rates prior to testing. :

(3) Higher ACFM at the outlet due to air leak at open flange at the Apitron inlet or
some spacial and temporal differences in velocity measurement, i.e., pitot tube.
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Using the fuel analysis data shown in Table 5-3 for the times when
representative flow rates were calculated (shown in Table 5-11), the following
F-factors were calculated:

Fd
(sef/105 Btu)

2/7/83 D
1050 to 1437 8,875
2/8/83
0855 to 1150 9,019
1320 to 1500 9,873
1647 to 1825 9,168
2/9/83
0940 to 1215 7,803
2/11/83
1552 to 1735 11,395

AVERAGE 9,372
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E.

PARTICULATE

1.

EMISSION RATE AND EMISSION FACTORS

Particulates were sampled at the outlet to the rotary combustor, cyclone and
Apitron. Table 5-15 shows the particulate loadings and control efficiencies and
whether the U.S. EPA Method 5 or Method 5/8 train was used during the

representative sampling period. The data sheets from the sampling may be
found in the Appendix, Part 2.

A grain loading at 12% COz and an emission rate in Ib/hr were calculated both
with and without condensibles, i.e., the impinger catch or "back half".
Table 5-15 shows that the U.S. EPA would consider the cyeclone to be 80.2%
efficient and the cyclone and Apitron to have an overall efficiency of 98.4%.
The Gallatin system complied with the plant's State of Tennessee Air Permit
condition of 0.04 gr/SDCF at 12% CO,.

The emission rates were converted to emission factors using the feed rates in
tons per hour or 105 Btu/hr that corresponded to the representative sampling
time periods. The unabated emission rates presented in Table 5-16 are
42.5 1b/ton and 5.35 1b/105 Btu using U.S. EPA sampling methods. The U.S. EPA
F-factor method (Table 5-17) gives emission factors of 51.2 Ib/ton and
6.45 1b/108 Btu. It also gives the cyclone and Apitron system a 99.0% removal
efficieney.

PARTICLE SIZE DISTRIBUTION:

Particle size distribution samplings were performed using the Andersen in~stack
cascade impactor and the Flowsensor in-stack five-stage Multiclone. Four
samples from each instrument were taken at the combustor outlet and the
results are shown in Tables 5-18 and 5-19 for the cascade impactor and
multiclone, respectively. Two Apitron outlet samples were taken with the
Andersen and their results are presented in Table 5-20. The fractional weights
and other sampling data are presented in the Appendix, Part 2. The Apitron was
the most efficient (99.8%) on removing the greater than 20 micron particles
(see Table 5-21). The overall removal efficiency was 98.4%.
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HEAVY METALS

Heavy metal analyses included sampling for mercury by US. EPA Method 101 and
sampling other CARB selected heavy metals from the particulate from the
multiclone cyclones and filter. Samples were submitted for analysis by atomic
absorption. Use of the multiclone resulted in greater amounts of particulate being
collected in individual cyclones than would have been possible using the Andersen
cascade impactor. The larger samples were needed for atomic absorption in order to
give greater sensitivity to the results.

1. MERCURY:
Total mercury was sampled at the combustor outlet at three separate times.
The average emission factors presented in Table 5-22 are 0.00171 1b/ton and

0.000216 1b/106 Btu. The emission factors from Kure were 0.00045 1b/ton and
0.0000805 1b/106 Btu.

The solid waste and residue were also sampled for mercury. An average of
0.13 ppm mercury was found in the solid waste and an average of 0.15 ppm was
found in the residue. Although it is generally felt that all of the mercury in the
waste stream is vaporized, Mmercury in the residue would appear to indicate that
Some mercury does remain in the residue, possibly in the unburned waste in the
bottom ash if it is not from the fly ash which is placed with the residue in the
quench tank.

2. OTHER HEAVY METALS:
The weight percentages of the heavy metals analyzed on the particulate from
the rotary combustor outlet are presented in Table 5-23. The values for three
of the four sampling runs are averaged and compared with the Kure results.
Multiclone run #1 was discarded because of an air leak in the sampling probe.
However, all the analyses on all the runs may be found on the Appendix, Part
2. The emission factors for the heavy metals based on the average particulate

emission rate and the percentages shown in Table 5-23 are presented in
Table 5-24.
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Table 5-25 presents the results for the heavy metal distribution in three weight
fractions, less than 1.0u, 1.0 to 3.9y, and greater than 3.9u. These particle size
figures are nominal figures which represent the aerodynamic mean cut diameter
of the particles. For example, a figure of 1.0u indicates that 50% of the
particles are larger than 1.0u and 50% are smaller than 1.0u. As such, the
particle size distribution data show relative amounts of particles in each size

range, but do not give the actual amount of particulate within the stated size
range.

The multiclone fractions from some cyclones had to be combined in some cases
to obtain a sufficient sample to analyze. The heavy metal distribution results
from Gallatin are compared to the results from Kure. Some heavy metals were
below the level of detection; therefore, distribution by particle size was not
calculated.
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G. CONTINUOUS EMISSIONS MONITORING (CEM) DATA

1.

CEM DATA RECORDED AND SUMMARIZED:

The continuous emission monitors analyzed and recorded the dry concentration
of Og, CO, CO4, NOy, SO4 &nd the in-duct (wet) concentration of NMHC. A
continuous readout of the data and five-minute compilations of that data,
except hydrocarbons, are available in the Appendix, Part 2. Table 5-8, which
presents the hours that the rotary combustor operated, also presents the hours
that the CEM, except the hydrocarbon monitor, were operational. The
monitors, as a network, experienced problems such as frozen sample lines and
leaks.< To better analyze the CEM data, the hours that the data were recorded
but thought to be usable and not usable were listed in Table 5-8. Also, the hours
when the plant was upset, starting up, shutting down, or experiencing an unusual
fuel were listed so that the CEM data recorded during those hours could be
compared with other more "normal" hours of operation.

The CEM data for 02, co, NO,, and SO, from the individual strip charts were
interpolated into five minute readings. The in-duct dry concentrations were
adjusted to 7% 0O,, dry basis, which represents approximately 50% excess air, to
use a standard of comparison for the WCA waste-to-energy project's
combustion system. The adjusted five minute readings were averaged for each
hour. The results of the hourly averages for CO, NO,, and SO, for the first
week, 2/7/83 to 2/14/83, and the second week, 2/14/83 to 2/21/83, were
compared with the operating hours shown in Table 5-8 to produce two sets of
tables. The CEM data are presented as that CEM data from "typical plant
operation" which excludes data taken during startup, shutdown, upset
conditions, unusual fuel conditions, and unusable CEM operation and all CEM
data which excludes only the unusable CEM data. Tables 5-26 and 5-27 present
the hourly CO, NO, and SO, averages calculated for "typical plant operation"
for the first and second weeks, respectively. Tables 5-28 and 5-29 present the
hourly CO, NO, and SO, averages including data taken during upset, startup,
shutdown, and unusual fuel conditions for the first and second weeks,
respectively.
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July, 1984

West County Agency of Contra Costa County
Waste Co-Disposal/Energy Recovery Project
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West County Agency of Contra Costa County July, 1984
Waste Co-Disposal/Energy Recovery Project

The data from the hourly summaries shown in the preceding four tables
including the hydrocarbon data, are summarized in daily summaries using a
similar format, i.e., weeks one and two and typical and upset conditions.
Tables 5-30 through 5-33 present the daily summaries for each week and for
each operating condition. The daily summaries show the number of hours of
CEM data recorded that day, the daily average concentration and the maximum

1-hour, 2-hour and 3-hour readings. The maximum hourly readings can be used
for ambient air quality impact analyses (AAQIAs).

Table 5-34 presents a summary of the daily CEM readings for the first and
second weeks, including the NMHC reading which are discussed in greater detail
in Subsection 5.1.
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CEM DATA
FIRST WEEK, DAILY, TYPICAL CONDITIONS

TABLE 5-30

Tuesday, February 8, 1983

Monday, Pebruary 7, 1983

HC

2

SO

NOx
Corrected to

co

(1)
0,

HC

NOx SO2
Corrected to

Cco

2

¢

(wet)

(wet)

7% Oy (dry)

(dry)
%

%

lnwv

32.2

v

m

v

ppMyy

(wet)
%

(wet)

1% O, (dry)

Mywy
9.9

v

v

PPMyy

235

(dry)
%

6.5

169 141

564

6.6

74

169

9.5

Daily Average

216 155.3

211

2055

203 139 12.8

519

1-Hour Maximum

188 177

1853

194 138

339

2-Hour Maximum

190 170

1172

193 121

287

3-Hour Maximum

15 15

15

11 11

11

Hours of
Recorded Data

]
[-
co

]

Thursday, Pebruary 10, 1983

Wednesday, February 9, 1983

0,

0,
(wet)
%

HC
(wet)
pRM

22.4

SO
May

X
v

NO
Corrected to
m

v

co
m

2
(dry)
x

(wet)
X

SOz HC
(wet)
Mav My
40.1

X
A\

NO
Corrected to

7% 0, (dry)
m

Cco
L

0,
(dry)
%

5.5

598 140 171

11.2

147 166 6.2

622

Daily Average

164 240 42.5

1182

185 651 99.7

1193

1-Hour Maximum

160 189

1013

183 411

1017

2-Hour Maximum

160 164

942

174 309

961

3-Hour Maximum

Hours of
Recorded Data

13

18

21

20

23

23

(1) In-situ O, (wet) analyzer after boiler convection section and before the GAH.
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July, 1984

Agency of Contra Costa County

Waste Co-Disposal/Energy Recovery Project

West County

UMOPINYS puw ‘dnyaugs ‘Jany easnon Yasdn guwgd APNDUL suonpI0d [unsnun ()

- 9 I r neq - 1 18 18 L LY
pPapioday jo Paproday jo
SINOY § SNojy §
-~ 8Ll 161 6LL Aueg - st 164 ¥16°2 Aimg
— 912 g1z 10l m-g - 90¢ 812z 958'9 H-¢
- s1z 81z 692°'1 JH-Z - e 812 v6¥'s M-
— 592 e 1Skl H-1 - 90¥ 12 o011t -t
1siI0M ) 1540Mm
AMLdd Mudd APwdd APwdd AMLA APwdd  AMPadd APuad
s - ALt 091 989 911 a3miday  gg - 8L €I 8251 S It adwiany
Apyaapm A1naam
pai1ydiapm paifiom
FIMVSANN VLVQ Lt ‘uol  §°¢g 911 vl 1 cvow (- ,
€S FIMVSANN ViV 6°¢t ung  ¢¢ - - go1 1052 6°¢l ung  02-7 —_
LASd0 LNV'Id 1eg LASdN LNV'Id 18 6l-Z o
6% TIUVSNINN VLIV gzl 65 — - rel 8161 821 ‘uy o 8i-2 -
LASdN LNV'Id *sanyy, 184N LNV1d Wl - '
Ly - 8Lt gt 6LL i ‘pamM Lb 8E2 9cl vL6T LIl 'PIM 91-2
0y - - 1St 1) £8 sang 09— - 151 85 t8 'sang,  g1-Z
L - - 161 1137 e uwopw L - - 161 1117 €1 Cuow  pl-2
o "MWl Padd APud Aud i % Mwdd Pwdd APGIT APwdd o
(19m) (1am) (Lap) NC %L 01 PR30 (AIp) (1am) (1am) (Aup) NO L 01 p2122130) (Aip)
0 on los *oN oo %o o om tos *oN 0o %o
STVLOL XAAM ANODES SIVLOL NAAM ANODAS
SNOLLIANO. “IVOIdA L (SNOLLIING.) T¥NSAND

AYVHNNNS VLVA WED
(Panunuod) ye-< A°18V.L



174 £ot 1L ¥Ll
122 81 Ll ors
— 124} 812 L
- 806 81z £S81
£°6S1 169 (174 $S0°2
Lov 092 161 6LL

>3|§En >H~|N;= >_~|Am..= >¢VI|N;_._
(1am) Kip NC &WS Padd0)
OH 2os ON 00
SIVLOL ¥23M OML

SNOILIUNOJ 1VDIdA L

"umopinys pue ‘dnyaeys ‘jang ensnun ‘1asdn Jueid apniour suotIpuod (ansnup (1)

w19 pIpioday 14 74 stz 912
Jo sanoyy ¢
aBwaaay pajydiam 122 S61 Sl 168

Aireg naam om g

4H-¢ —- 956 (1} 958'9

3H-7 - 890't 812 ¥er's

-1 £'sst CTAa] v o0t

&neq 0¥ 997 ist vL6°T
IS8 ISIOM

AMWIH AL MPwdd  APedd

(19m) ap NO ﬁWo- pa3103dso0)

OH tos ON 00
SIVLOL X439M OML

(1)SNOILIUNOD “IVASANN

ABVNNNS VLVAU 3D
(Panuuod) §g-S A 1EVL

MR PINIOIIY

Josmoyy g

afmiaay payydioy
Aumg w3am om

IH-€
01-2
JH-1

A
:359.) ISIOM

-102 -



West County.Agency of Contra Costa Co_unty July, 1984
Waste Co-Disposal/Energy Recovery Project

2. EMISSION RATES AND EMISSION FACTORS FOR CO, NOx AND §0,

The concentration of the pollutants measured by CEM were converted to
emission rates using representative volumetric flow data. As discussed in
Section 5, Subsection C, and applied to particulates in Section 5, Subsection D,
the flow rates measured during the U.S. EPA Method 101 and Method 5/8
sampling are the most representative of the in-duct flow rates. Emission rates
were calculated by summarizing the CEM data during the sampling times and
converting concentration to pounds per hour as shown in Tables 5-35 and 5-36.
Emission factors in pounds per ton are presented in Table 5-35, and emission
factors in pounds per million Btu are presented in Table 5-36. For each table a
comparison of feed rate during sampling and during the day are shown. The
similarity in both feed rates indicate that the rates during sampling were
representative of the rates during the entire day. The emission factors reported
in Table 2-1 and 2-2 are those taken during sampling because the flue gas flow
rates were more representative during that time.

For a comparison to Kure, the emission factors for CO, NO, and SO, in
1b/10% Btu during sampling at Gallatin averaged 0.631, 0.303 and 0.424,
respectively, and at Kure averaged 0.710, 0.280, and 0.271, respectively,

3. EMISSION FACTORS IN LB/10% BTU USING US. EPA F-FACTORS FOR CO,
NOy, AND 50, :

Tables 5-37, 5-38 and 5-39 present emission factors for CO, NO, and SO,
respectively, during the daily sampling using U.S. EPA F4 factors presented in
Subsection 5.D.3. The average U.S. EPA emission factors present for CO, NO,
and SO9 are 0.459, 0.230 and 0.293 1b/105 Btu, respectively. Table 5-40
presents the emission factors for NMHC during the daily sampling using
US. EPA Fq factors with the volume of water taken into account. These
emission factors, calculated in this manner, do not take into consideration the
approximately 7% unburned combustibles in the residue that is reflected in the
net heat input calculated in Table 5-9. Table 5-41 has emission { actors based on
net heat values, which has the effect of raising the emission factors by about
7%.
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West County Agency of Contra Costa Copnty July, 1984
Waste Co-Disposal/Energy Recovery Project

4.

MULTIVARIABLE REGRESSION ANALYSES OF PLANT OPERATING DATA
AND EMISSIONS OF CO, NOy, AND SO, BY RIGO & RIGO ASSOCIATES

The plant and emissions monitoring data (5 minute points) recorded during the
February 1983 testing of the Gallatin Plant were introduced into a
computerized data base and analyzed to uncover the relationship between
emissions and operator controllable plant parameters (e.g., steam generation
rate and excess air). Because of the range of data, the analysis was performed
using regression techniques to create mathematical models of the plant's
performance. These models were then examined to determine which
parameters were significant.

The major findings are:

o Unlike fossil fuel-fired boilers, NO, emissions at Gallatin decrease
with increasing boiler load and display a moderate increasing trend
with oxygen.

The combined effect of load and oxygen displays a strong negative
impact on NO, emissions. Emissions are slightly increased when
NRT-prepared fuel is burned but are lower when plant operations are
not stable. How the plant is operated also has an effect because
emissions change with changes in shift.

o CO emissions are not as reliably predicted as NO, emissions and
they display opposite trends to NOX; CO increases with load and at
an ever increasing rate with oxygen. Burning NRT fuel tends to
increase the emissions and there is a pronounced shift change
effect. Surprisingly, CO emissions are the same during normal and
abnormal operations.

© SO, emissions increase with boiler load and oxygen. They are
independent of shift changes but are strongly related to the same
parameter that describes abnormal plant operations. This implies
that whatever is in the fuel to contribute unusually large quantities
of SO, also causes the furnace operation to become unstable.

0o NMHC and HCl emissions seem to be uncorrelated with any of the
plant operating parameters.

These findings, the method of analysis and the data bases are described in the
Appendix, Part 5. The regression equations for the full data set are shown in
Table 5-42.

- 117 _




LPMBNOX

LNLPMBCO

LNLPMBSO

LPMBHC

TABLE 5-42
REGRESSION EQUATIONS

0.1132958 + 0.03489479 O2DRY - 0.001180662 O2SQRD
0.0002196939 LOADO2 + 0.01517709 NRTBRN
0.007888894 OUTCNTRL + 0.02875142 SHIFT?

+ 0.01133201 SHIFT3

- 5.476 + 0.03391374 LOAD + 0.3172171 O2DRY
+ 0.03395511 O2SQRD - 0.05248284 NO2SQRD

+ 0.06709716 NLOAD + 0.7407957 NO2DRY

- 0.002454303 LOADO2 - 0.008083078 NLOADO?2
- 5.432200 NRTBRN + 0.1647436 OUTCNTRL

- 3.033080 + 0.01398806 LOAD + 0.04177209 O2DRY
+ 0.008429740 O2SQRD + 0.4187657 NRTBRN .

- 0.05770778 NO2DRY + 0.7039509 OUTCNTRL

- 0.1729842 SHIFT2 + 0.01130180 SHIFT3

- 0.007887794 + 0.003533881 O2DRY

LPMBNOX
O2DRY
O2SQRD
LOADO2
LOAD
NRTBRN
OUTCNTRL
SHIFT2
SHIFT3
LNLPMBCO
NO2SQRD
NLOAD
NO2DRY
NLOADO?
LNLPMBSO
LPMBHC

Ib/MMBtu NO,,

O4 concentration in dry gas, %

(O2DRY - 9.663)2

Product of LOAD and O2DRY

Percent of maximum continuous rating achieved
Dummy variable indicating NRT fuel being fired
Dummy variable indicating unusual process conditions
Dummy variable to account for three shifts
Dummy variable to account for three shifts
Natural logarithm of 1b/MMBtu CO

NRT burn period furnace parameters

NRT burn period furnace parameters

NRT burn period furnace parameters

NRT burn period furnace parameters

Natural logarithm of 1b/MMBtu S0,

1b/MMBtu non-methane hydrocarbons
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West County Agency of Contra Costa County July, 1984
Waste Co-Disposal/Energy Recovery Project

H.

SOZ AND SO4 DATA USING U.S. EPA METHOD 8 AND SULFUR BALANCE

The rotary combustor outlet and Apitron outlet measurements for $0, and 504 were
performed with combined U.S. EPA Method 5/8 sampling trains. The unabated
concentrations for SO, and SOj5 are shown in Tables 5-43 and 5-44, respectively. Al
field data and calculation sheets for these unabated emissions are shown in the
Appendix, Part 2.

The SO, results in Table 5-43 show a greater emission rate at the Apitron outlet
than the combustor outlet. The difference is probably due to error from a
combination of the air leak at the Apitron inlet and from a higher flow due to
velocity measurement error.

The unabated emission factors for SO, were 2.38 1b/ton and 0.300 1b/108 Btu while
the unabated emission factors for CEM data taken during sampling on 2/8/83 at 1320
were 2.0 1b/ton and 0.280 1b/106 B¢y,

The sulfate results presented in Table 5-44 show a reduction from the rotary
combustor outlet to the Apitron outlet of 62.1 ppmy, and 51.8 ppmy,, to 32.6 ppmy,
and 30.5 PPm 4, on 2/8/83 at 1321 and 1647, respectively. The reduction of 29 to 21
ppm,, of SOz may be due in part to the formation of NH,4 HSO4 by the reaction
with ammonia (see Section 5, Subsection L) or to the formation of an acid mist such
as HyS0,.

A sulfur balance for the system is shown in Table 5-45. This table also shows the
retention of sulfur in the residue, which is on the average of 15.4%. The sulfur
balance suffers from the problem of obtaining representative data on sulfur
concentrations from samples of the MSW and the residue for the same time period as
the CEM data.
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West County ;Agency of Contra Costa Cog.mty July, 1984
Waste Co-Disposal/Energy Recovery Project

I. NON-METHANE HYDROCARBONS (NMHC)
The unabated non-methane hydrocarbons were sampled at the gas air heater outlet
using the Byron 401 emission analyzer. A sample from the duct is drawn through the
analyzer and analyzed in a 12-minute cycle. The results of the analyses and the
emission rates and emission factors at the representative sampling conditions are
presented in Table 5-46. All field data and calculation sheets for these unabated
emissions are shown in the Appendix, Part 2.

Table 5-46 presents the measured emission factors for NMHC. The hydrocarbon
concentration is determined by the analyzer on a wet basis so all subsequent
calculations must be correspondingly on a wet basis.

J. HCl1
The unabated HCl was sampled along with fluoride and ammonia as part of an acid
gas train or with the multicione train at the rotary combustor outlet and analyzed by
ion chromatography. The hydrogen chloride concentration in the duct and the
concentration adjusted to 7% O, are presented in Table 547. This table also shows
emission rate and emission factors. All field data and calculation sheets for the
chloride emissions are shown in the Appendix, Part 2.
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HF

Fluoride emissions were sampled as HF in the gas stream and as the fluoride ion in
the particulate. Table 5-48 presents the HF concentration in the gas stream when
sampled as the back-half of the multiclone sampling train and when sampled by the
acid gas train, as described in the Appendix, Part 1. Table 5-48 shows the
concentration of the fluoride on the particulate from the multiclone. Similar to the
heavy metal analysis, a portion of the multiclone catch was used for fluoride
analysis. Fluoride was analyzed, along with the chloride, by ion chromatography.
The acid gas train fluoride was a factor of 10 lower than the values from the
multiclone backhalf numbers. It was concluded that the multiclone data should be
used because the lower acid gas train numbers were probably caused by the
hydrofluoric acid reacting with the glass absorber frits used in the acid gas train.

All field data and calculation sheets for the sampling are shown in the Appendix,
Part 2.

Table 5-49 presents the distribution of the fluoride in the unabated particulate
sampled at the rotary combustor outlet. Table 5-50 presents the sum of the
unabated fluoride emission rates in the particulate and in the flue gas stream and
the corresponding emission factors. A comparison of the fluorides in the flue gas
stream measured at Kure is also presented. The emission rate in the gas stream at
Kure is similar to that at Gallatin; however, the Kure factor does not include
fluorides in the particulate. A



A h July, 1984
Waste Co-Disposal/Energy Recovery Project

West County Agency of Contra Costa County

60y dOVUIAY

- ("p1< 01 1> *148d 830y
Jo 33uJane) auoPnnp ¢ #

9L°9 |FAR (Zzi1-L001) €8/11/2
12[1nQ JOISNqWo.)

("01< 03 1> *1ed 9109
Jo advJane) auopPninp z #

Sv'e 9g01 (SISI-SPET) £8/01/2
1?1nQ Joisnquo)

¥o ADVHAAYV . (M01< 1aed (8103
bL0 6611 03 Z0T1 JO %I°LL) duoldNM ¥4
vl 0 0201 ©3 0QO1 18°0 056 (S1¥I-00€1) €8/11/2
£8/01/2 1BINO Joisnquo)
9b°0 €IGT 03 ZG¥i
62°0 LPEL 0) 1281 (01« "vied 810}
L1°0 LETT 01 0121 JO %¥°09) suoPMK T4
19°0 VELI 01 LOTI ve's 00€2 (0Z11-6101) £8/01/2 .
£8/6/¢ 12[NQ Joysnquio) -
o
ardweg quan .ﬂ.
¥2°0 9v11 03 2211 - 09L 28/02/¢ 121u] uondy
INILVTIVD
1v°0 9501 03 0£01
£8/8/2
:sa(dweg svy ploy ardweg quin
121InQ J0IsSnquio) 90°¢ 10L 08/61/11 19[u] 4S1
INLLVTIVD . JUNy
“O%L1® APwdd) POYIO N (°0 %L 19 "Pwdd) (wdd) poy e W
S8 sv dH umw.—. pue OaﬂQ maU S8 dH wac_:o_?_cn— umv,—. pue OuﬂQ
uoneoo0] ajdueg uQ apuon 4 uo118007] adweg

Sd'IdN VS NOLLOATI0D 4O WVAULS SVD AHL NI 4H 40 ANV
ALVINOLLYVd EHL NI 3aMO0N1T1d 40 SNOLLVELNADNOD ‘sdaraond
‘IVLOL 404 SLSAL NLLVTIVD SNOMVA ANV d4NY 40 NOSNVJdWOO

8%-S 379V.L



oo g'ecel £e'LL LS99°1 [ LR Lzeo 0t? ¥L¥O'0 £S°S 6110 ADVEIEAV
(AN L0912 f9°18 9zLo'T 96721 6LTC°0 691 RIY0'0 9t 9L80°0 te11 01 Lool
£8/11/2
Yoo 8'stit ¥8°0L 88s2°1 sitt pSteo 62 6150°0 698 g8ost0 S1S1 0) SHEt
£8/01/2
asronaeg (Bw) atemangeg % Im Apidonig jo (Bu)m % imapuonidjo  (Aw) M % Im prond Jo  (Bw) 1M % 1M puonid Jo  (Jw) M auny p w(]
Mo} jo %104, uonIna 4 uo1 o8I g uorons § uonowlg ooy uonawiy uonomy uondwl §
% aprion| 4 apiiongy apuoni4 aprront4 dpuoni 4
[LRLLE N 01< t'so16t g'tovot | 94 H(suwoso1u)

ALVINOLLEVd NO NOLLNENASIA 3GINMONTd Q3LVEVNN

69-S A'18VL

1313WRI(] IN;) uRdI



July, 1984

West County Agency of Contra Costa County
Waste Co~Disposal/Energy Recovery Project

¢-01X81°¢ z-01X6L°1 [ ZAN1 -k (1)
g-01%X06°6 7-01%82°9 S1gS°0 9¢I1°0 6S11°0 dOVUHAV
g-01X5°21 z-01%8s°L 16°2¢ Lt £€082°0 6¥E1°0 ¥SY1°0 2c11 01 L00o1
£8/11/2 '
™
N
—t
1
g-01%62°L z-01%X86°% §0°S2 L9t 9z81°0 2960°0 ¥980°0 S1S1 Ol S¥eEl
£8/01/2
md wc—\a_ uoy/qi y/mg PLLS HdL Bl = §8D + 3dEMONIEd awyL ® 3awq
SHOLO V4 NOISSING JLVYH addd (44/q1) JLVYH NOISSINA NLLVTIVO

SL'INSAY JUNA HLIM NOSTHVJINOO ANV
NLLVTIVO LV SHOLOVd NOISSINE ANV SALVY NOISSINE 4dH ANV 3dIH0N‘1d dALVEVNN
0S-S A'T14V.L



AMMONIA

Ammonia was added to the analysis of the acid gases sampled to determine whether
the combustion of MSW resulted in its formation. The unabated NHj was sampled
along with chloride and fluoride, as part of the acid gas sampling train and as part of
the back half of the multiclone train. The acid gas sampling was performed at the
rotary combustor outlet. Table 5-51 shows that some ammonia is found in the flue
gas and presents the unabated free ammonia gas emissions and emission factors. All
field data and calculation sheets for the ammonia emissions are shown in the
Appendix, Part 2.

As mentioned in Section 5, Subsection H, the unabated SO3 sampled on 2/8/83 was
reduced about 22 to 30 ppmy, at the Apitron outlet (the stack). It can be assumed
that the "front-half" (i.e., in the probe and on the filter) SO4= and the NHj; reacted
because the "front-half" SO4~ was held by a heated probe and filter. The "back half"
SO3 and NH3, by the same argument, were gases at the filter temperature because
both the SO3 and NH; went through the filter. With this, the following comments
can be made about ammonia and sulfate/sulfur oxides by referring to Table 5-52:

0  About 50% of the SO4~ is in the particulate form at the combustor outlet
(at sampling train temperature of 290-300°F) but only about 2% of the
SO4= is in the particulate form at the Apitron outlet. The data indicate
that the cyclone and the Apitron are about 98% efficient for removing
particulate SO4~.

0 There was an increase in gas phase SO3/HZSO4 across the unit, indicating
that the unit has no effect on it.

0 Almost 90% of the ammonia is in the particulate form at the sampling
train conditions, i.e., probe and filter at 290°F.

0  There were similar concentrations of particulate SO4= (29.97 ppmy,) and
NH4" (27.9 ppmg,) which give the stoichiometric reaction to ammonia

bisulfate (NH4HSO4). These data do not rule out other cation and anion
combinations.
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SUMMARY OF AIR EMISSIONS TEST RESULTS

TEST ARRANGEMENTS

Testing of air emissions from the rotary combustor/boiler system burning municipal
solid waste was conducted in Gallatin, Tennessee. The Resource Authority in
Sumner County (RASCO) operates two 100-ton per day (TPD) rotary combustors
attached to waterwall-type boilers in a solid waste processing facility designed to
produce a total of 45,000 pounds per hour (TPH) of steam. The facility began
operation in December, 1981. The air emissions testing was performed frocm

February 6 to 21, 1983. Figure 1 shows a cross-section of the facility. Photographs
are included at the end of the summary.

Permission to test the Gallatin facility was obtained through the efforts of the
O'Connor Combustor Corporation and was approved by RASCO. Cooper Engineers
was the prime organizer and principal investigator with subcontracts to
Chemecology Corporation for some of the on-site sampling and measurements.
Several subcontractors were retained for special off-site analyses made on samples
returned to the San Francisco Bay Area.

DEVELOPMENT OF TESTING METHODOLOGY

The air emissions testing methodology emerged from a series of meetings with
representatives of BAAQMD, CWMB, and CARB. Although U.S. EPA methods were
utilized wherever possible, additional methods were applied to provide data that
would be applicable to other air quality management and air pollution control
districts in California. Emphasis was given to identifying "non-regulatec” air
pollutants as well as traditionally "regulated" air pollutants and process variables.
The incoming municipal solid waste (MSW), residue, specially processed solid wast=,

and two separate incoming waste materials were also tested.

REGULATED AIR POLLUTANTS

The results of air emissions tests for the "regulated" or criteria air poilutants —
those named in the New Source Review Rules and New Source Performance
Stancards — are shown in Table 1. The unabated emissions ara given in wverage

vaiuves of fcui units of measure:
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(1) Flue gas concentration of the pollutant (grains per Standard Dry
Cubic Foot (gr/SDCF) at 12% CO, or ppmy, at 7% 09,

(2) Pounds of pollutant per hour for the 100-TPD combustion unit (1b/hr),

(3) Pounds of pollutant per ton of as-received MSW burned (Ib/ton),

(4) Pounds of pollutant per million Btu (16/10% Btu) of heat input from
the as-received MSW.

Table 2 gives the controlled, or abated, air emissions found at the Gallatin facility,
as well as the control efficiencies of the faecility's air pollution control equipment.

Anticipated air emissions at other planned rotary combustor facilities may be
calculated by matching the unabated air emission factors reported here with the
proposed plant's MSW mass or heat input and reducing the unabated emissions by the
efficiencies of the planned air pollution control equipment (i.e., as required by
BACT) where applicable. The maximum values, reported in ppm,, are the "rolling”
averages of the "worst case" time periods and should be used only in Ambient Air
Quality Impact Analyses (AAQIAs) for comparison with their corresponding

short-term ambient air quality standards (e.g., the respective 1-hr, 2-hr, or 3-hr
stancards).

D. NON-REGULATED AIR POLLUTANTS
The results of air emissions tests for "non-regulated" air pollutants — those
pollutents without a specific standard or regulation — are shown in Table 3. The
data give average unabated air emissions velues in a similar format to that in
Taole 1. A table showing abated air emissicns for "non-regulated" air pollutants was

aot prepared although the reaction of sulfate and ammonia in the flue
significantly reduced the amount of each that was emitted.

Sas

=]

E. HEAVY METAL EMISSIONS
The results of air emissions tests for heavy metals are shown in Table 4. U.S. EPA
Method 101 tests for total mercury were pecformed and the results are presentec in

Tabie 5. Tabie 6 shows the percentage of :he specific heavy metals in three particie

size renoes,
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The forecast of abated heavy metal emissions for other projects is dependent on the

efficiencies of the planned air pollution control equipment in each particle size
range and the amount of heavy metals in that size range.

F. SOLID WASTE AND COMBUSTION RESIDUE CHARACTERISTICS
The municipal solid waste combusted during the week of February 7, 1983, in

Gallatin, Tennessee, had on the average the following higher heating value (HHV)
and moisture:

7,210 Btu/lb Dry Basis - HHV
41.54% - Moisture
4,215 Btuw/1b As-received-HHV

The residue from the combustor average the following heating value and moisture:
2,140 Btu/1b Dry Basis - HHV
59.16% - Moisture

838 Btu/lb As-produced-HHV

The net average heat input to the combustor was 29.01x108 Btu/nr.

]
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