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FOREWORD

The U. S. Environmental Protection Agency is charged by Congress with
protecting the Nation’s land, air, and water systems. Under a mandate of
national environmental laws, the agency strives to formulate and implement
actions leading to a compatible balance between human activities and the
ability of natural systems to support and nurture life. The Clean Water Act,
the Safe Drinking Water Act, and the Toxic Substances Control Act are three
of the major congressional laws that provide the framework for restoring and
maintaining the integrity of our Nation’s water, for preserving and enhancing
the water we drink, and for protecting the environment from toxic substances.
These laws direct the EPA to perform research to define our environmental
problems, measure the impacts, and search for solutions.

The Water Engineering Research Laboratory is that component of EPA’s
Research and Development program concerned with preventing, treating, and
managing municipal and industrial wastewater discharges; establishing
practices to control and remove contaminants from drinking water and to
prevent its deterioration during storage and distribution; and assessing the
nature and controllability of releases of toxic substances to the air, water,
and land from manufacturing processes and subsequent product uses. This
publication is one of the products of that research and provides a vital
communication link between the researcher and the user community.

The Water Engineering Research Laboratory must consider the possible
effects of the release of toxic substances to the atmosphere from sewage
sludge treatment processes such as incineration. The research project that
is reported on herein was an investigation of the performance of an air

Francis T. Mayo, Director
Water Engineering Research Laboratory
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ABSTRACT

A pilot scale fabric filter (baghouse) was evaluated for its removal
performance for 23 metals and for sulfur containing particles when fitted to
a multiple hearth incinerator burning sewage sludge. The small scale
baghouse was installed to take a slipstream of about three percent of the
total incinerator emissions. Particle size fractions were collected from the
gas streams entering and leaving the baghouse. Fach particle size fraction
was analyzed for the 24 elemental species and baghouse performance was
evaluated for overall removal efficiency, size fraction removal efficiency,
and for selective removal of specific metals. Total concentrations of each

To obtain comparisons of baghouse performance with a more typical

emission control device, the performance of the incinerator’s full scale wet
scrubber was also evaluated.

This report was submitted in fulfillment of Contract No. 68-03-3148 by
Radian Corporation under the snonsorhip of the U. S. Environmental Protection
Agency. This report covers the period April 10, 1984, to September 30, 1985,
and work was completed as of September 30, 1985.



UNIT CONVERSION FACTORS

cubic feet x 2.831685 E-02 = cubic meters (n%)

degrees Fahrenheit. to% - (t°F - 32)/1.8 = degrees Celsius (°C)

feet x 3.048000 £-01 = meters (m)

gallons x 3.785412 E-03 = cubic meters (m3)

inches x 2.540000 E-02 = meters (m)

pounds x 4.535924 E-01 = kilograms (kg)

pressure, inch of HZO (60°F) X 2.4884 E+02 = pascal (Pa)

pressure, inch of HZO (32°F) X 2.60932 E+01 = millimeter of Hg (mm Hg)
pressure, inch of Hg (60°F) X 3.37685 E+03 = pascal (Pa)

square feet x 9.290304 E-02 = square meter (mz)
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SECTION 1
INTRODUCTION

TEST PROGRAM OBJECTIVES

The objective of this research project was to determine the total
particulate and trace metals removal efficiency of a fabric filter (i.e.,
baghouse) installed on a multiple hearth incinerator burning sewage sludge.
To accomplish this objective, a pilot-scale baghouse was installed on a

The field sampling program consisted of a set of six valid test runs.
During each test run, particulate sampling of the uncontrolled emissions from
the incinerator (baghouse inlet Tocation) was performed simultaneously with
particulate sampling of the controlled emissions from either the scrubber or
the baghouse. Three test runs were performed on the baghouse, and three test
runs were performed on the scrubber. Source Assessment Sampling System
trains (i.e., SASS trains) were used for the particulate sampling. Particu-
Tate matter samples captured in the various SASS train size fractions were
analyzed individually for metals content using Inductively Coupled Argon

Samples of sludge feed, bottom ash, and baghouse dust were obtained for
each test run and analyzed for metals using ICAP. Continuous monitoring of
s0,, NO,, cO, CO,, 0., and total hydrocarbons was performed at the incinera-
tog outfet locat?on auring each test run. Process data for the incinerator,
scrubber, and baghouse were also obtained. Sampling for volatile organic
emissions from the scrubber was performed during three test runs using a
volatile organic sampling train (VOST). Data for the VOST tests are

summarized in a separate report. The remainder of the data are summarized in
this report.

PROCESS DESCRIPTION

This section describes the host facility, the multiple hearth sewage
sludge incinerator, the wet scrubber system, and the mobile baghouse system.



Facility Description

The host plant is a 14 mgd wastewater treatment plant. Approximately
70 percent of the treatment plant influent is municipal wastewater, and the
remaining 30 percent is industrial wastewater. A military installation near
the plant is the primary industrial source of metals in the influent
wastewater.

The treatment plant influent is processed as shown in Figure 1.
Treatment steps include screening, grit removal, primary clarification,
aeration, f]occu]ation/secondary clarification, and disinfection with
chlorine. Sludges are removed from both the primary and secondary clarifiers.
The primary and secondary sludges are pumped to the solids processing system,
which is shown in Figure 2. Primary sludge is thickened by chemical addition
and gravity thickening, while secondary sludge is thickened by chemical
addition and flotation thickening. The chemical thickening agents used at
the host plant are aliphatic polyelectrolyte polymers. The thickened primary
and secondary sludges are combined, after which they can either be sent to an
anaerobic digestion unit for volume reduction and fuel gas production, or
they can be sent directly to a sludge storage tank with no digestion.

Digested or undigested sludge is sent from the storage tank to the final
dewatering system. The sludge is dewatered using aliphatic polyelectrolyte
polymer addition followed by centrifugation. Dewatered sludge is transferred
by belt conveyor from the centrifuges to the incinerators. During the

scrubber and baghouse tests, only digested sludge was fired in the incinerator
that was tested.

Incinerator Description

The plant operates two multiple hearth sewage sludge incinerators,
designated by the plant as the No. 1 and No. 2 units. The incinerators are
not operated simultaneously. Typically one of the incinerators burns sludge
for 2-3 weeks, followed by a 7 to 10-day period of no burning. The alternate
incinerator is generally used when the next "burn cycle" begins.

The No. I unit was tested in this program. It is a six-hearth
incinerator designed by Envirotech with a sludge feed capacity of 3,400 kg/hr
(7,500 1b/hr) wet sludge. Emissions from the incinerator are controlled by
a cyclone/wet scrubber system consisting of two cyclones followed by a water
quench unit, a venturi scrubber, and an impingement tray scrubber. A

schematic diagram of the incinerator and wet scrubber system is shown in
Figure 3.

The heating value and moisture content of the sludge do not allow for
autogenous burning. Gas produced by the anaerobic digester and No. 2 fuel
0i1 are burned in the incinerator as supplemental fuel. The auxiliary fuel

firing rates are adjusted to maintain the desired temperature profile within
the incinerator.
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The targst tempsrature for the gas leaving theoupper hearth éHearth
No. 1) is 380°C (720°F), with a range of 315 to 480°C (600 to 900 F). The
sludge combustion zone is normally maintained on Hearth No. 3.

Combustion air fed to the incinerator can be either at ambient
temperature or a preheated temperature, depending on operator preference.
The preheated combustion air is supplied by recycling a portion of the heated
air leaving the rabble arm shaft cooling air system. The design flow of the
shaft cooling air is approximately 140 scmm (5,000 scfm). During the test
program, all shaft cooling air was vented out the stack. A1l combustion air
fed to the incinerator was ambient air supplied by a forced draft fan. The
total amount of combustion air fed to the incinerator varies with fuel flow
rate, opacity limitations, furnace draft, and other operating parameters.
According to plant personnel, the oxygen content of the flue gas at the
incinerator outlet (i.e., furnace breeching) is 13 to 17 percent 0 (wet
basis) as measured by plant monitoring equipment. Lower excess aig levels
are not achievable because of the onset of significant opacity when the
oxygen content is less than 13 to 17 percent 0,. The plant normally
maintains an in-situ flue gas oxygen analyzer gt the furnace breeching, but
this instrument was not operating during the test program. The incinerator
is Timited to 20 percent opacity by the Federal New Source Performance
Standards (NSPS) for sewage sludge incinerators. Furnace draft at the
breeching outlet is maintained at approximately -0.04 kPa (-0.15 in HZO).

Bottom ash produced by the incinerator is screw conveyed out of the
incinerator into a bucket elevator, which carries the ash about 40 feet
vertically. The ash is then screw conveyed to a large hopper that is used
for intermediate storage prior to disposal. Design specifications for the
incinerator indicate that approximately 250 kg/hr (550 1b/hr) of bottom ash
are produced when the sludge feed rate to the incinerator is 3,400 kg/hr
(7,500 1b/hr) wet sludge. Incinerator operating data monitored reguiarly by
the host plant include the wet sludge feed rate (1b/hr), flue gas oxygen
content at the furnace outlet (% 0,, wst), draft at the furnace outlet (in.
H,0), individga] hearth temperaturés ("F), and shaft cooling air outlet
tgmperature ("F). In addition, the host plant performs moisture and
volatiles content analyses on a composite sludge sample for each day. The
sample is a composite of 24 hourly samples taken off the sludge feed belt.

Emission Control System Description

Emissions from the tested incinerator are controlled by two cyclones in
series with a water quench unit, a venturi scrubber, and an impingement tray
scrubber. Plant measurements indicate that the cyclones capture about 3.5 kg
of particulate matter per 1,000 kg of dry solids fed to the incinerator. The

particulate matter captured by the cyclones is screw conveyed directly back
into the incinerator.

Exhaust gases from the cyclones pass through a water spray cooling
section in the ductwork and are then sent to the venturi and impingement tray
scrubbers. The spray cooling water, venturi scrubber water, and impingement
tray scrubber water consist of sewage treatment plant effluent that is used
once in the scrubber system and sent back to the treatmen§ plant after use.
The scrubber system uses a total of approximately 4,500 m” (1.2 million
gallons) of treatment plant effluent per day. Approximately two-thirds of



this water is added to the impingement tray scrubber, and most of the
remainder is added to the venturi scrubber. The spray cooler preceding the
venturi scrubber and another spray cooler preceding the impingement tray
scrubber use about 7 percent of the total scrubber system water. The overall
ratio of scrubber water to incigerator exhaust gas (i.e., liquid-to-gas

Pressure drops across the venturi and impingement tray scrubbers are typically
28mm Hg and 9mm Hg (15 in H,0 and 5 in H 0), respective]g. Exgaust gas exits
the scrubber system at a teaperature of gpproximately 27°C (80°F). The
exhaust gas is pulled through an induced draft (ID) fan, combined with any
shaft cooling air that is not used as preheated combustion air, and 8ent out

a stack. The current rateg capacity of the ID fan is 190 acmm at 54°C and
84mm Hg (6,800 acfm at 160°F and 45 in HZO).

The scrubber operating data include venturi scrubber and impingement
tsay scrubber pressure drops (in Hzog, venturi scrubber inlet gas temperature
("F), and ID fan inlet temperature“(°F). Because of the proximity of the ID
fan to the impingement tray scrubber outlet, the ID fan inlet temperature is
essentially the same as the impingement tray scrubber outlet temperature.

MOBILE BAGHOUSE SYSTEM

Mobile Baghouse Description

Original Mobile Baghouse ign. The mobile baghouse used in the test
program was originally designed to collect bulk quantities of combustion
particulate under low mass loading conditions. The original configuration of
the baghouse system is shown in Figure 4. Construction details are described
in reference 1. The system was designed to accept a slipstream from an
exhaust stack through a 3" DIA pipe. The slipstream was to be mixed with
filtered dilution air, passed through the baghouse, and discharged to a small
stack through an ID fan. SASS train sampling ports were provided at the

baghouse inlet Tocation, but no sampling ports were provided at the baghouse
outlet location.

The baghouse was designed to hold up to 20 envelope-type filter bags.
The dimensions of the filter bags that fit the unit are 19.75 in. x 21.5 in.,
with an effective collection area of 5.9 sq ft per bag. Goretex teflon
B/fiberglass bags were specified with the original design. Wire mesh is used
to internally support the bags, which were originally designed to be cleaned
by mechanical shaking. The mechanical shaking was to be provided by a
rotating metal bar that strikes the bottoms of the bags as it is rotated. As

to be ineffective at removing the incinerator particulate from the bag
surface. Bag cleaning was performed manually after each test run using a

A 4 liter glass jar at the base of the baghouse is used for particulate
recovery. A limited degree of temperature control is provided by heating
elements that wrap around the exterior surface of the baghouse.

Modifications to the Ori inal Design. The mobile baghouse system
described in Reference 1 was modified for the purpose of this sampling
program. Figure 5 is a schematic diagram of the modified system. The
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"dilution air" section containing the SASS sampling ports was moved from the
baghouse inlet location to the baghouse outlet location, and the HEPA
dilution air filter was omitted from the system.

As modified for this program, the baghouse was capable of accepting a
slipstream of the sewage sludge incinerator exhaust gas through 3" DIA pipe.
The capacity of the baghouse (number of bags) was reduced from the max imum
original capacity of 20 bags to a capacity of 10 bags. Alternate slots in
the bag holder grating were covered with thin metal strips. This was done to
increase the amount of free space between bags, thereby minimizing the
potential for blockage between bags.

tor. Although there are no existing baghouse installations on multiple
hearth sewage sludge incinerators in the United States, one installation is

lation indicated that the design air:cloth ratio is 4:1 (4 asfm per sq ft bag
collection area) and the design operating temperature is 400°F. The filter

bag material to be used in the planned installation is a Goretex membrane/
Goretex (PTFE) fabric.

The target mobile baghouse operating parameters during the test runs
were:

(i) air:cloth ratio of approximatelyo4:1 (acfm:sq ft)
(ii) temperature of approximately 400°F

The filter bag material selected for the test program was a Goretex
membrane/Nomex felt filter laminate. This material was selected because of
the superior surface cleaning characteristics of the Goretex membrane and
because of the physical strength characteristics of the Nomex felt backing.

A strong backing material was chosen to accommodate the shaker cleaning
mechanism. According to the vendor, the Goretex membrane/Nomex felt gi]ter
laminate can be designed for contiBuous operating temperatures of 400°F and
can withstand excursions up to 425°F. The target pressure drop range for the
baghouse was 0-10 inches of water.

Mobile Baghouse[Mu]tig1e Hearth Incinerator Interface

A schematic diagram of the ductwork system from the slipstream sampling

nozzle" that was sized to obtain a representative slipstream from the
incinerator exhaust stream; a horizontal section of 3" DIA carbon steel pipe
to transport the sample from the incinerator breeching to a point outside the
incinerator building; a vertical section of 3" and 8" DIA carbon stee] pipe
to transport the sample down to grade level and to provide inlet sampling
ports; and a horizontal section of 3" DIA carbon steel pipe to transport the
sample to the mobile baghouse. Figures 7 show side and top views of the
ductwork, flanges, sampling ports, and valves.

-10-
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The ductwork system was designed to achieve four major objectives:
(i) to obtain a representative sample of the incinerator exhaust gas; (ii) to
convey the particulate matter in the gas to the baghouse without particle
fallout; (iii) to maintain the baghouse inlet gas at the appropriate
temperature; and (iv) to provide adequate sampling ports for baghouse inlet
sampling. To achieve these objectives, the following design criteria were
implemented: (i) the slipstream nozzle was sized and placed in the
incinerator breeching outlet to provide near-isokinetic slipstream sampling;

sections; (iii) the duct length was designed to cool the gas below 400°F,
with removable insulation used to "fine tune" the baghouse inlet gas
temperature; and (iv) a vertical section of 8" DIA pipe was installed to
accommodate baghouse inlet sampling ports.

The slipstream nozzle design and placement in the duct were the most
critical aspects of the ductwork system design. A preliminary velocity
traverse was first performed at the incinerator outlet location to charac-
terize the velocity profile of the incinerator exhaust gas. The measured
volumetric flow rste of the incinerator exhaust gas was approximately
14,000 acfm @ 836°F. The velocity profile in the duct was found to be

relatively uniform, with an average gas velocity of 1700 fpm (actual stack
conditions).

The slipstream nozzle was sized to provide 236 acfm @ 400°F of inlet gas
to the baghouse under conditions of isokinetic s]iQstream sampling. This
corresponded to an air to cloth ratio of 4 acfm/ft° at the baghouse. The
design nozzle size was calculated as follows:

An = Qg/yy
where An = required nozzle area

Qs = desired slipstream volume, corrected to the average
incinerator outlet temperature

¥; = measured average incinerator outlet gas velocity
Substituting the preliminary velocity traverse data into the above relation
yielded a design nozzle diameter of 6.2 inches.

The slipstream nozzle was custom fabricated from 316 stainless steel.
Because of the uniformity of the velocity profile, the nozzle was placed in
the center of the incinerator outlet duct. An inspection of the slipstream
nozzle at the end of the test program showed that the stainless stee] surface

was smooth. There was no evidence of nozzle corrosion from contact with the
incinerator exhaust gas.

Distribution of.Incinerator Exhaust Gas Flow to Scrubber and Baghouse

The approximate distribution of the incinerator exhaust gas flow to the
scrubber system and the mobile baghouse is shown in Figure 8. The average
incinerator exhaust gas flow rate during the test runs was 90 dscmm.

-13-
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Approximately 3 percent of this flow (2.8 dscmm) was diverted to the baghouse

slipstream, and the remaining 97 percent (87 went to the wet scrubber
system. Based on these flow rate data, it orcTuded that the scrubber
operation was not significantly affected by the presence of the slipstream.

The average stack gas flow rate during the tests was 23] dscmm,
Approximately 40 percent of this flow (87 dscmm) was accounted for by

scrubber offgas, and the remaining 60 percent (144 dscmm) was accounted for
by shaft cooling air.
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1. Maddalone, R. F., D. R. Moore, gnd D. A. Price (TRW) Guidelines for the
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Prepared under EPA Contract No. 68-02-3174, Work Assignment No. 66 for
Air and Energy Engineering Research Laboratory, Research Triangle Park,
North Carolina 27711. Project Officer: J. McSorley. May 1982.
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SECTION 2
CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The test program demonstrated the viability of using operating sewage
sludge incinerators as sources of typical emission streams to evaluate
various types of emission controls. In particular, comparisons can be made
with the installed emissions control device. Also, true physical and

chemical profiles of incinerator emissions at actual operating conditions are
available.

The test program focused on evaluating the performance of a fabric
filter (baghouse) for the emissions control of 23 individual metals. The 23
target metals, including toxic and non-toxic metals, and sulfur were detected
in the sludge feed in quantifiable amounts (selenium was not found in every
sample). Specific information regarding emissions concentration, removal
performance of the baghouse, particle size distribution, and enrichment for
the 23 individual metals and sulfur are reported.

As a group the elements that contributed nearly 90 percent of the weight
of the species analyzed in the sludge also dominated the same mixture in the
uncontrolled emissions stream. The group included four non-toxic metals
(calcium, iron, magnesium, phosphorus) and sulfur. However, selective
removal by the baghouse and wet scrubbing concentrates other metals in the
particle emission stream so that the four metals cited above no longer
continue to provide the bulk of the emissions.

Total particulate matter emissions from the pilot-scale baghouse
amounted to only twenty percent of the emissions of the incinerator’s full
scale wet scrubber. Concentration of particulate matter emitted from the
paghouse averaged 3.8 mg/dscm (corrected to 12 percent oxygen). These

baghouse was collected in low temperature impingers containing dilute nitric
acid. In contrast, lower scrubber temperatures or possible selective removal
by the scrubber limits target metals passing the particle collection filter
to only nine percent.

Baghouse removal efficiency exceeded 99 percent compared to a scrubber

removal efficiency of less than 95 percent. Both the baghouse and the wet
scrubber removed virtually all of the particles between one micron and ten

=17~



micron aerodynamic diameter. The baghouse removes over 98 percent of the
particles greater than ten micron diameter and less than one micron diameter.
The wet scrubber is considerably less effective at removing particles less

The proportion of small particles (less than one micron diameter) in the
baghouse emissions steadily increased as the test program progressed. This
correlates with a corresponding increase in pressure drop across the bag
filters. It is interesting that the proportion of target metals passing the
sampling train’s particle collection filter also increased.

Individual metal concentrations in the baghouse were not proportional to
individua] congentration§ of these_meta]s in the sludge. Enrichment appeared

stream divided by the congentration of the metal in the sludge residue after
heating the sludge to 550°C. Thus, an enrichment ratio of one indicates a
concentration proportional to that in the sludge. Several metals had enrich-
ment ratios higher than one and a few metals had enrichment ratios that were
one to two orders of magnitude higher than one. It can be expected that the
latter group of metals consisting of aluminum, selenium, cadmium, chromium,

and nickel would have substantially higher emissions concentrations from

those anticipated from feed concentrations. On a rank order basis, the
concentration of all of these metals advanced substantially over concentrations
in the sludge. In addition to enhanced concentrations in the particle catch,

proportions higher than 50 percent of the total of that metal collected. In
addition to selenium and chromium, these were tin, manganese, phosphorus,
cobalt, iron, and antimony. Therefore, substantial proportions of these
metals would enter the atmosphere from baghouse emission controls in volatile
form or as aerosols. Comparisons of enrichment and impinger catch proportions

in the scrubber emissions with corresponding values in the baghouse emissions
were inconclusive.

RECOMMENDATIONS

Simultaneous sampling of the baghouse and the wet scrubber would have
provided a more valid comparison.

High proportions of some metals were present in the emissions as a vapor
or an aerosol. These conditions should be taken into account when the data
is used to predict ground level concentrations.
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SECTION 3
PRESENTATION OF RESULTS

This section presents the results of the test program. Data are reported

for six test runs. Runs 02 to 04 are the scrubber test runs, and Runs 06 to
08 are the baghouse test runs.

Process data characterizing the operation of the incinerator, scrubber,
and baghouse are contained in following section (Process Data). Emissions
data of total particulate and trace metals, including removal performance of
the emissions control units, are described in the next sections (Total
Particulate Emissions Data and Trace Metals Emissions Data). The next section
(Comparison of Scrubber and Baghouse Performance) discusses the relative
performance of the baghouse and the scrubber. Metals content of bottom ash
and baghouse dust are then reported (Trace Metals Content of Bottom Ash and
Baghouse Dust) followed by the results of continuous monitoring of the exhaust
gas {Continuous Monitoring Data). The last section presents dispersion

modeling parameters for the scrubber and for a hypothetical full scale
baghouse.

PROCESS DATA
Incinerator Operating Data

Data summarizing the operation of the multiple hearth sewage sludge
incinerator during the scrubber test runs and the baghouse test runs are shown
in Tables 1 and 2, respectively. The data show that, in general, the
incinerator was operated similarly during the test runs.

The total solids content and volatile solids content of the sludge were
fairly consistent between test runs. The total dry solids content of the
sludge as measured by the host plant ranged from 14.1 to 16.8 weight percent,
with an average of 15.8 weight percent. Volatile solids accounted for
approximately 69 weight percent of the total dry solids, with non-volatile
solids accounting for the remaining 31 weight percent. 1 Qﬂi,nuﬁubfbaqp/

/ ¢
Feed rates to the incinerator ranged from(3270 to 4150)1b/hr wet sludge,
with an overall ave

rage feed rate of 3880 1b/hr. e maximum deviation of the
mean wet sludge feed rate for any run from the average value for al] runs was
approximately 16 percent (Run 03).

Mean incinerator hearth temperatures during the scrubber test runs and
the baghouse test runs are shown in Tables 3 and 4, respectively. The data
show that the hearth temperatures were similar between runs,owith the maximum
between-run temperature variability for any hearth being 118"F (Hearth 1,
Runs 02 and 08). The main flame zone during all test runs was on Hearth 3,
which exhibited the highest temperature in the fur ace. The average
temperature of Hearth 3 for all test runs was 3391 F, with the maximum
variability between any two test runs being 42°F.
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TABLE 1. MEAN INCINERATOR

DURING THE SCRUBBER TEST

OPERATING PARAMETERS
RUNS (PLANT DATA)

Parameter

Run 02 Run 03 Run 04 Average

Sludge Feed Rate (1b/hr)

Wet Cake 4110 3270 3750 3710

Dry Cake o 625 461 593 560

Residue at 600°C 181 138 172 164
Sludge Composition (wt. %) a

Moisture 84.6 85.9 84.2a 85.0

Dry Solids 15.2 14.1 15.8 15.0

Volatile Matter 71 70 71 71
Excess Oxygen (% vol, dr'y)b 11.3 12.2 13.0 12.2
Auxiliary Fuel Usage

Fuel Gas (cu ft/hr) 150 0 0 50

Fuel 0i1 (gal/hr) 34 29 29 31

aS1udge moisture and solids content data for Run 04 were taken as the average

for all test runs.
Excess oxygen data were develo
the incinerator outlet locatio

ped by Radian using integrated bag sampling at

TABLE 2. MEAN INCINERATOR OPERATING PARAMETERS
DURING THE BAGHOUSE TEST RUNS (PLANT DATA)

Parameter Run 06

Run 07 Run 08 Average

Sludge Feed Rate (1b/hr)

Wet Cake 4000 4000 4150 4050

Dry Cake o 660 664 697 674

Residue at 600°C 205 212 223 213
Sludge Composition (wt. %)

Moisture 83.5 83.4 83.2 83.4

Dry Solids 16.5 16.6 16.8 16.6

Volatile Matter 69 68 68 68
Excess Oxygen (% vol, dry)a 13.9 15.3 13.7 14.3
Auxiliary Fuel Usage

Fuel Gas (cu ft/hr) 1800 3900 3000 3000

Fuel 0i1 (gal/hr) 23.1 8.0 10.0 13.7

3Excess oxygen data were developed by Radian using integrated bag sampling
at the incinerator outlet location.
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TABLE 3.

MEAN HEARTH TEMPERATURES DURING THE

SCRUBBER TEST RUNS (RUNS 02-04)

Hearth

Mean Hearth Temperature (°F)2

Average,

Number ~Run 02 Run 03 Run 04 Scrubber Tests

1 843 809 835 829

2 1088 1113 1063 1088

3 1415 1402 1378 1398

4 1038 1005 1024 1022

5 392 394 393 393

6 103 119 110 111
470 convert from °F to °C, use the formula °C = (°F—32)/1.8.

TABLE 4. MEAN HEARTH TEMPERATURES DURING THE
BAGHOUSE TEST RUNS (RUNS 06-08)
Mean_ Hearth Temperature (°F)2

Hearth Average,
Number Run 06 Run 07 Run 08 Baghouse Tests

1 773 742 725 747

2 1161 1158 1162 1160

3 1385 1395 1373 1384

4 1038 986 998 1005

5 399 362 368 376

6 110 119 116 112

319 convert from °F to °C, use the formula °C = (°F-32)/1.8.
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Auxiliary fuel firing rates (i.e., digester gas, No. 2 fye] 0il) were
adjusted by plant personnel during the test runs to maintain the desired
hearth temperature profile. During the scrubber test runs the average fue]
0il firing rate was 31 gal/hr, with a range for the three test runs of 29 to
34 gal/hr. A small amount of digester gas was fired only during Run 02
(150 cu ft/hr) of the scrubber test runs. During the baghouse test runs, both
fuel oil and digester gas were fired during all three test runs. The average
fuel 011 firing rate was 14 gal/hr, with a range for the three test runs of 8
to 23 gal/hr. The average digester gas firing rate was 3000 cu ft/hr, with a
range for the three test runs of 1800 to 3900 cu ft/hr. The amount of fye]

0il fired during a given run was inversely related to the amount of digester
gas fired.

Metals Content of Sludge Fee . ICAP analyses of composite sludge feed
samples from each test run are shown in Table 5. The data show that the
concentrations of most metals in the sludge were fairly consistent between
test runs. Calcium, magnesium, sodium, and aluminum showed the highest
between-run variability, of the metals present in appreciable quantities.
Selenium, silver, and gold also showed significant variability but these
elements were present in very small quantities. The 24 species analyzed
accounted for an average of 22.8 weight percent of the non-volatile solids fed
to the incinerator.

Table 6 lists the species analyzed in descending order of abundance in
the sludge. The five most abundant species analyzed were phosphorus, iron,
calcium, sulfur, and magnesium. The concentration o each of these species in
the dry, volatile-free sludge was on the order of 107 ppm. Together, they
accounted for 20.2 weight percent of the non-volatile solids fed to the
incinerator, or 88.5 weight percent of the tota] species analyzed. The next
most prevalent species were titanium, zinc, copper, sodium, and aluminum.

The concentration of egch of these species in the dry, volatile-free sludge
was on the order of 10 Ppm. Together, they accounted for 2.3 weight percent

of the non-volatile solids fed to the incinerator, or 10.0 weight percent of
the species analyzed.

§evera1 metals were present in the sludge at concentrations on the order
of 10° ppm. These included lead, arsenic, vanadium, chromium, manganese, tin,
cadmium, antimony, nickel, and selenium. Together, they accounted for 0.34
weight percent of the non-volatile solids fed to the incinerator, or 1.5
weight percent of the species analyzed. TEe remaining metals were present in

the sludge at very Tow concentrations (<10 ppm). These included barium,
cobalt, silver, and gold.

Scrubber Operating Data

measurements. Valve settings on the scrubber water supply system were not
adjusted during the tests. The total estimated scrubber water flow of 807 gpm
was distributed as follows: precooler, 33 gpm; venturi scrubber, 247 gpm;
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TABLE 6. RANKED LIST OF METALS IN SLUDGE FEED

Concentration of Sludge
Species (ppm, dry volatiles free basis)

Species Present at 104 ppm
(dry, volatiles-free basis)

Phosphorus 6.16 x 102
Iron 5.79 x 104
Calcium 4.17 x 104
Sulfur 2.45 x 104
Magnesium 1.61 x 10

Species Present at 103 ppm

(dry, volatiles-free basis)
Titanium 6.83 x 103
Zinc 6.18 x 103
Copper 4.59 x 103
Sodium 4.06 x 103
Aluminum 1.09 x 10

Species Present at 102 ppm

(dry, volatiles-free basis)
Lead 6.81 x 102
Arsenic 5.74 x 102
Vanadium 4.44 x 102
Chromium 3.73 x 102
Manganese 3.01 x 102
Tin 2.77 x 102
Cadmium 2.17 x 102
Antimony 2.10 x 102
Nickel 1.57 x 102
Selenium 1.56 x 10

Species Present in Trace Quantities

(<100 ppm, dry volatiles-free basis)
Barium 8.33 x 10}
Cobalt 3.59 x 100
Silver 8.06 x 100
Gold 3.36 x 10
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TABLE 7. SCRUBBER OPERATING DATA

(RUNS 02-04)

Parameter

Run 02 Run 03 Run 04 Average

Pressure Drop (in HZO)

1. Venturi AP 20.4 20.1 20.1 20.2

2. Impinger AP 5.0 5.0 5.0 5.0
Scrubber System Gas Temperature (°F)

3. Inlet 834 809 835 829

4. OQutlet 81 80 80 80
Scrubber System Water Flow (GPM) 807 807 807 807
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impingement tray scrubber, 27 gpm; and impingement tray scrubber trays,
500 gpm. The calculated Tiquid to gas ratio based on estimates of the gas
flow rate at the incinerator outlet was approximately 0.2 gal/dscf.

The inlet gas tempersture to the wet scrubber system (i.e., Hearthol
temperature) averaged 829 F, with a maximum deviation for any run of 20°F from
the average. The outlet gas temperatgre from the wet scrubber system (i.e.,
ID fan inlet temperature) averaged 80°F and showed very little variability
between test runs.

Baghouse Operating Data

Mean baghouse system operating data during the baghouse test runs are
summarized in Table 8. The data show that the baghouse was operated similarly
during the three runs.

The inlet gas flow rate to the baghouse was held at approximately
246 acfm by adjusting a gate valve on the baghouse ID fan. The maximum
percentage deviation between the mean gas flow rate for any run and the
overall average gas flow rate for all runs was less than 2 percent. Within
run-variations were also very low. The average air to cloth ratio of the
baghouse was 4.1 acfm:ft° of cloth area.

The inlet gas temperature to the baghouse was controlled by removing or
adding pieces of insulation to the baghouse inlet ductwork. The average inlet
gas temperature for tge three baghouse runs measured using metal sheath Type K
thermocouples was 411 F, with the mean values for individual runs ranging from
407 to 414°F. The inlet gas temperature was very stable within each run.

Some difficulty was encountered in obtaining reliable baghouse inlet
temperature rsadings, however. Metal sheath type K thermocouples consistently
read 30 to 40°F lower than bare wire type K thermocouple when used in the
3 inch diameter baghouse inlet pipe. This discrepancy was not adequately
reconciled during the tests, although it was believed to be associated with
the rapid build-up of particulate matter on the outside surface of the

thermocouples. Both the sheath and bare metal thermocouples gave very steady
temperature readings.

Baghouse outlet temperatures were also measured using the sheath Type K
thermocouples. 0The meanobaghouse outlet temperatures for individual runs
ranged from 347°F to 385°F. Considering the consistency of the gas inlet
temperature between runs, this indicates that the heating elements on the
baghouse walls may not have been working reliably. The ayerage gas
temperature drop across the baghouse was approximately 50°F.

At the beginning of the test program it was expected that the pressure
drop across the baghouse could be controlled by cleaning the bags using the
mechanical shaking mechanism provided in the original system design. During
the scrubber test runs (i.e., runs 1-4), the baghouse system was operated to
condition the bags and to develop a set of standard operating practices that
were later used in the baghouse test runs. After three days of operation, it
became apparent that the mechanical shaker mechanism was not adequately
removing the incinerator particulate from the bag filter surface.
Exceptionally high pressure drops (on the order of 15 to 20 inches of water)
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TABLE 8. BAGHOUSE OPERATING DATA
(RUNS 06-08)

Average,
Parameter Run 06 Run 07 Run 08 Baghouse Tests

Pressure Drop (in. HZO)

Initial AP 2.6 3.7 4.4 3.6

Final AP 4.9 5.9 9.2 6.7

Mean AP 4.1 4.8 6.5 5.1
Mean Gas Temperature (°F)

Inlet Temperature 412 414 407 411

Outlet Temperature 385 348 347 360

Average Temperature 399 381 377 386
Mean Gas Flow

Actual (acfm) 250 244 243 246

Dry Standard (dscfm) 97 100 98 98
Air: C]ch Ratio 4.2 4.1 4.1 4.1

(acfm:ft°)
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after cleaning the bags using the mechanical shaker system. Visual inspection
of the bags after the first three scrubber test runs revealed that they were
heavily coated with incinerator particulate. Little, if any, dust was shaken
off the bags by the action of the manually operated rotating arm (i.e., the
mechanical shaker system). It was ultimately decided to manually clean the
bags after each test run using a soft brush. This technique reduced the
pressure drop across the baghouse to more acceptable levels (i.e., a range of
2.6 t0 9.2 in. H20'during the baghouse test runs).

As a result of the manual method used to clean the bags, the pressure
drop across the baghouse increased steadily during the course of each test
run, since bag cleaning was performed only after the run. The pressure drop
increased from 2.6 to 4.9 in HZO during Run 06; from 3.7 to 5.9 in H,0 during
Run 07; and from 4.4 to 9.2 in H,0 during Run 08. The steady rise iﬁ pressure
drop from Run 06 to Run 08 indicgtes that the bag cleaning between runs was

After the test Program was complete, two of the used filter bags were
returned to the bag vendor for physical and chemical evaluation. The major
conclusions reached in the evaluation are summarized below:

(1) The fi]terzbags "as received" had a measured permeability of
1.3 cfm/ft° @ 0.5 in HZO’ which is cgnsidered low. The bag
permeabi]i;y increased“to 3.1 cfm/ft® after "light brushing” and to
4.2 cfm/ft° after vacuuming of the outer surface.

(2) The interior surface of the bags and the bag cross-sections were
found to be clean, although they were discolored.

(3) Scanning Electron Microscope (SEM) photographs indicated that the
membrane surface of the bags was very effective at stopping dust
particles from escaping.

(4) The bag material was found to be somewhat embrittled after the 8
days of service, although tensile tests showed no significant loss
of bag material strength.

(5) Dust samples taken from the bag surface were Judged by the bag
vendor to be high in “early volatiles" (i.e., water and/or
relatively low-boiling organics).

(6) Elements identified using energy dispersive spectroscopy (EDS) in
dust samples taken from the bag surface included silicon, calcium,
iron, phosphorus, sulfur, aluminum, potassium, calcium, titanium,
silver, copper, zinc, and sodium.
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TOTAL PARTICULATE EMISSIONS DATA

Total particulate emission rate data and particle size distribution data
were developed using the SASS train at the baghouse inlet location (Runs 02 to
04 and 06 to 08), the scrubber outlet location (Runs 02, 03, and 04), and the
baghouse outlet Tocation (Runs 06, 07, and 08). Table 9 summarizes the tota]
Particulate mass concentration and mass emission rate data developed for each
test run, and Table 10 summarizes the particle size distribution data. Total
particulate removal efficiencies for the scrubber and the baghouse are
presented in Table 11, and particulate removal efficiencies are shown by SASS
size fraction in Table 12. These data are discussed for each sampling
Tocation in the sections below.

Baghouse Inlet Location

SASS train sampling was performed at the baghouse inlet Tocation (i.e.,
the uncontrolled incinerator slipstream) during each of the test runs.
Particulate concentration and particle size distribution data measured at this
location should also be applicable to the incinerator outlet location since
the slipstream was taken isokinetically.

The data in Table 9 show that the total particulate concentration at the
baghouse inlet location was fairly consistent between test runs when compared
On an as-measured 0, basis. The uncontrolled total particulate emissions
concentration at thg baghouse inlet averaged 0.31 g/dscm on an as-measured 02
basis during the scrubber test runs and 0.36 g/dscm on an as-measured 02
basis during the baghouse test runs. The maximum deviation between the
concentration for any test run and the average value for all test runs was
approximately 15 percent. The particulate concentration data show less
consistency when corrected to 12% 0 - For example, the corrected uncontrolled
total particulate emissions concent?ation at the baghouse inlet location
averaged 0.32 g/dscm @ 12% 0 during the scrubber test runs and 0.49 g/dscm @
12% 02 during the baghouse tgst runs. The oxygen correction was performed
using“Method 3 stationary gas sampling data.

Two factors that may contribute to the increased variability in the
corrected particulate concentration data are: (i) errors associated with the
Oxygen concentration measurement using the bag sample/gas chromatograph
technique; and (ii) the time variability of the excess oxygen concentration in
the incinerator offgas. The stationary gas results are based on 2 30-minute
integrated grab samples taken during the SASS sampling period. These potential
uncertainties are magnified when the concentration data are corrected to a
reference oxygen level (e.g., 12% 0,) because of the sensitivity of the
correction factor to changes in the“measured oxygen level.

Mass emission rates for the control device inlet streams are also shown
in Table 9. The average uncontrolled mass emission rate at the scrubber inlet
was 1.6 kg/hr during Runs 02-04. This value was calculated from the
uncontrolled average mass emission concentration measured at the scrubber
inlet during Runs 02-04 and the calculated gas flow rate at the scrubber inlet
location. The average mass emission rate at the scrubber outlet was 0.089 kg/hr
during Runs 06-08. This value was calculated from measured average mass
emission concentrations and measured average gas flow rates during Runs 06-08.
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TABLE 9. TOTAL PARTICULATE CONCENTRATIONS AND
MASS EMISSION RATES

Total Particulate Fmissions

Sampling Concentration, g/dscm _Rate
Location As Measured At 12% 02 kg/hr
Scrubber Tests
Inlet
Run 02 0.30 0.28 1.35
Run 03 0.35 0.35 1.76
Run 04 0.29 0.32 1.73
Average 0.31 0.32 1.61
Outlet
Run 02 0.0080 0.022 0.109
Run 03 0.0053 0.015 0.074
Run 04 0.0060 0.016 0.084
Average 0.0065 0.018 0.089
Baghouse Tests
Inlet
Run 06 0.33 0.42 0.054
Run 07 0.37 0.59 0.063
Run 08 0.38 0.47 0.064
Average 0.36 0.49 0.060
Outlet
Run 06 0.0014 0.0019 0.00029
Run 07 0.0016 0.0023 0.00036
Run 08 0.0047 0.0072 0.0010
Average 0.0026 0.0038 0.00056
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TABLE 10. TOTAL PARTICULATE CONCENTRATIONS BY SASS SIZE FRACTION

Tota] Particulate Concentration Corrected to 12% 02 (g/dscm)
Probe Rinse/

Sampling 10 Micron 3 Micron 1 Micron

Location , Cyclone Cyclone Cyclone Filter Total

Uncontrolled

Emissions
Run 02 0.18 0.068 0.0032 0.029 0.28
Run 03 0.22 0.086 0.0149 0.035 0.35
Run 04 0.20 0.079 0.0047 0.034 0.32
Run 06 0.25 0.126 0.0136 0.031 0.42
Run 07 0.33 0.189 0.0283 0.040 0.58
Run 08 0.27 0.137 0.0245 0.041 0.47
Average 0.24 0.114 0.0145 0.035 0.40

Scrubber

Emissions
Run 02 0.0093 0.0 0.0 0.013 0.022
Run 03 0.0024 0.0 0.0 0.013 0.015
Run 04 0.0014 0.0 0.0 0.014 0.016
Average 0.0044 0.0 0.0 0.013 0.018

Baghouse

Emissions
Run 06 0.0013 0.0 0.0 0.0006 0.0019
Run 07 0.0019 0.0 0.0 0.0004 0.0023
Run 08 0.0070 0.0 0.0 0.0002 0.0072
Average 0.0034 0.0 0.0 0.0004 0.0038
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TABLE 11.

TOTAL PARTICULATE REMOVAL EFFICIENCY

Baghouse Scrubber
Run 6 99.4660 Run 2 91.9460
Run 7 99.4300 Run 3 95.7600
Run 8 98.4180 Run 4 95.1390
Average 99.1050 Average 94.2820
TABLE 12. PARTICULATE REMOVAL EFFICIENCY BY SASS SIZE FRACTION
Probe + 3um lum Filter TOTAL
10 um Cyclone Cyclone Catch
Baghouse
Run 6 99.3760 100.0000 100.0000 97.7570 99.4660
Run 7 99.1470 100.0000 100.0000 98.7090 99.4300
Run 8 97.3230 100.0000 100.0000 99.4260 98.4180
Average 98.6150 100.0000 100.0000 98.6310 99.1050
Scrubber
Run 2 94.7800 100.0000 100.0000 54.6930 91.9460
Run 3 98.9140 100.0000 100.0000 64.2670 95.7600
Run 4 99.3110 100.0000 100.0000 58.3740 95.1460
Average 97.6680 100.0000 100.0000 59.1110 94.2820
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The particle size distribution data shown in Table 10 for the
uncontrolled incinerator emissions are summarized graphically in Figures 9 and
10. These data show that particulate matter was captured in all SASS train
size fractions for each test run. The particle size distributions were
similar for the various runs. The probe rinse and 10 micron cyclone catch
accounted for approximately 60 percent of the total catch; the 3 micron
cyclone, 28 percent; the 1 micron cyclone, 3 to 4 percent; and the filter
catch, 8 to 9 percent.

Scrubber Outlet Location

SASS train sampling was performed at the scrubber exhaust stack location
during test runs 02, 03, and 04 (i.e., scrubber test runs). The emissions
data in Table 9 show that the total particulate concentration at the scrubber
exhaust stack location was fairly consistent between runs. The controlled
total particulate emissions concentration at the scrubber outlet averaged

the scrubber averaged 0.089 kg/hr for the three scrubber test runs. As shown
in Table 11, the average total particulate removal efficiency for the scrubber

system was 94.3 percent, with a range for individual runs of 91.9 to
95.8 percent.

emissions contributed by the probe rinse/10 micron cyclone catch and filter
catch were 25 percent and 75 percent, respectively. Run 02 had a considerably
higher percentage of the total particulate emission contributed from the probe
rinse/10 micron cyclone catch (42 percent) than Runs 03 and 04 (12 percent).

This anomaly could not be explained by a consideration of potential sampling
uncertainties.

Particulate removal efficiencies for the scrubber system are shown by
SASS size fraction in Table 12. The removal efficiency for the probe rinse/
;0 @igron catch averaged 97.7 percent for the test runs, with a range for

Figure 12 gives a graphic representation of the average scrubber system
particulate removal efficiency data. The parameter (1-scrubber efficiency) is
plotted in bar graph form for each SASS train size fraction. This parameter
is equivalent to the ratio of the scrubber inlet mass emissions rate divided
by the scrubber outlet mass emission rate (i.e., "relative emissions"). The
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higher the value of the 1-efficiency parameter for any SASS size fraction, the
lower the control efficiency for that fraction. Figure 12 shows that the
scrubber system was effective for controlling emissions of large diameter
particulate matter (i.e., >1 micron aerodynamic diameter), but ineffective for
controlling emissions of fine particulate matter (i.e., SASS train filter
catch).

Baghouse Qutlet Location

SASS train sampling was performed at the baghouse outlet location during
test runs 06, 07, and 08 (i.e., baghouse test runs). The emissions data in
Table 9 show that the total particulate concentration at the baghouse outlet
averaged 0.0026 g/dscm on an as-measured O, basis and 0.0038 g/dscm  when
corrected to 12 percent 02. Run 08 had sifnificantly higher total particulate
emissions (0.0047 g/dscm)“than Runs 06 and 07 (0.0015 g/dscm), but no
explanation was apparent for this difference. The total particulate mass
emission rate for the baghouse outlet location averaged 0.00056 kg/hr, with
Run 08 again being significantly higher than Runs 06 and 07. As shown in
Table 9, the average total particulate removal efficiency for the baghouse was
99.1 percent, with a range for individual runs of 98.4 to 99.5 percent.

The baghouse emissions particle size distribution data listed in
Table 10 are shown graphically in Figure 13. The data show that particulate
emissions from the baghouse were captured only in the probe rinse/10 micron
cyclone fraction and the filter of the SASS train, with no particulate matter
captured in the 3 micron and 1 micron cyclones. The probe rinse/10 micron
cyclone catch was the largest contributor to the total particulate mass for
all test runs. The average percentage contribution of the probe
rinse/10 micron fraction to the total SASS train particulate catch was
89 percent, with a range of 69 to 97 percent for individual runs. The average
percentage contribution of the filter catch to the total SASS train
particulate catch was 11 percent, with a range of 3 to 31 percent for
individual runs. The large probe rinse/10 micron fraction emission rate for

Run 08 was the reason for the high total particulate emission rate noted above
for Run 08.

Particulate removal efficiencies for the baghouse are shown for each SASS
size fraction in Table 12. The average removal efficiency for the probe
rinse/10 micron catch was 98.6 percent, with a range for individual runs of
97.3 to 99.4 percent. Removal efficiencies for the 3 micron and 1 micron SASS
cyclone catches were 100 percent for all test runs, since no particulate
matter was captured in these cyclones at the baghouse outlet. The average
efficiency for particulate matter in the filter catch was 98.6 percent, with a
range for individual runs of 97.8 to 99.4 percent.

Figure 14 shows a bar graph of the parameter (1-baghouse efficiency) for
each SASS train size fraction. The figure shows that the baghouse was
effective for controlling emissions from all SASS train size fractions.

TRACE METALS EMISSIONS DATA

Trace metals emissions data developed by ICAP analysis of the SASS train
particulate fractions are presented in this section.
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Uncontrolled Trace Metals Emissions (Baghouse Inlet)

Total Trace Metals Emissions. ICAP analyses of the SASS train particulate
matter and impinger samples from the baghouse inlet location are contained in
Appendix A for all test runs. The corresponding total uncontrolled trace
metals emissions concentrations (corrected to 12% 02) are presented in
Tables 13 and 14 for the scrubber and baghouse test“runs, respectively. The
concentrations in the tables include the contributions of the impinger catch.
The data show that the uncontrolled incinerator emissions of the various
metals are fairly consistent between test runs.

Table 15 gives a 1ist of the 24 trace metals analyzed for, ranked in
descending order of the mean uncontrolled emission concentrations for all test
runs. The mean uncontrolled elemental e@gssions concentrations corrected to
12% 0, ranged fromla Tow of about 4 x 10~ g/dscm @ 12% 0, for gold to a high
of ab8ut 1.1 x 10 * g/dscm @ 12% 0, for sulfur. The most®prevalent species
were present in_the uncontrolled ificinerator emissions at concentrations on
the order of 10 ® g/dscm. These species were sulfur, calcium, iron, and
phosphorus, which were also the most abundant species in the sludge.

Together, they accounted for about 88 percent of the total species analyzed
for in the incinerator emissions. Nine species were present at concentrations
on the order of 10 ° g/dscm. These included magnesium, zinc, titanium,
sodium, copper, cadmium, chromium, aluminum, and lead. Together, they
accounted for about 11 percent of the total species analyzed for in the
uncontrolled incinerator_gmissions. Six species were emitted at concentra-
tions on the order of 10 ° g/dscm. These were nickel, vanadium, tin,
manganese, arsenic and antimony. Together, they accounted for about 1 percent
of the total species analyzed for in the uncontrolled incinerator emissions.
Nickel emissions showed a particularly high degree of variability, with flue
gas concentrations varying by a full order of magnitude between run§502 and
06. Five species were emitted at concentrations on the order of 10 g/dscm
or less. These were cobalt, barium, selenium, silver, and gold, which were
also the least abundant metals in the sludge feed. Together, they accounted

for less than 0.2 percent of the total species analyzed for in the uncontrolled
incinerator emissions.

Trace Metals Enrichment Ratios in the Uncontrolled Emissions. Figure 15
is a rank order diagram that illustrates the relationship of uncontrolied
trace metals emissions to the trace metals content of the sludge. The data
show that the order of species ranked by uncontrolled emission concentrations
is nearly identical to the order of species ranked by sludge concentration.

The species with the most significant deviation from this pattern include
chromium, cadmium, and nickel.

The enrichment ratio for a given metal "i" is defined as the
concentration of metal i in the particulate emissions (ug/g) divided by the
concentration of metal i in the dry, volatiles free sludge. The impinger
contributions to .the metal emissions were not included in the enrichment ratio
calculations. Tables 16 and 17 summarize the average enrichment ratios of the
uncontrolled incinerator emissions measured at the baghouse inlet location
during the scrubber and baghouse test runs. Figures 16 and 17 give graphic

representations of the data for the scrubber runs and the baghouse runs,
respectively.
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TABLE 13. UNCONTROLLED TRACE METAL EMISSIONS FROM THE INCINERATOR
(Scrubber Test Runs)

TOTAL TRACE METALS EMISSIONS (g/dscm)
CORRECTED TO 12 % OXYGEN

.-_----------—---—----—-------------_--—--_-------_----------__--_-------

SCRUBBER INLET
RUN 2 RUN 3 RUN 4 MEAN SD
SULFUR 1.23E-01 7.28E-02 1.22E-01 1.06E-01 2.88E-02
CALCIUM 1.91E-02 1.88E-02 1.35€-02 1.71E-02 3.15E-03
IRON 3.76E-02 2.61E-02 2.74E-02 3.04E-02 6.31E-03
PHOSPHOROUS 1.72E-02 2.20E-02 2.04E-02 1.99€-02 2.49€-03
MAGNESIUM 6.79E-03 7.54E-03 5.76E-03 6.70E-03 8.94E-04
CHROMIUM 4.94E-03 7.79E-04 2.45E-03 2.72E-03 2.09E-03
ZINC 2.29E-03 2.94E-03 2.30E-03 2.51E-03 3.71E-04
SODIUM 2.75E-03 2.05E-03 1.54E-03 2.11E-03 6.06E-04
TITANIUM 1.89E-03 2.28E-03 2.11E-03 2.09E-03 2.00E-04
CADMIUM 1.80E-03 2.10E-03 1.82E-03 1.90E-03 1.71E-04
ALUMINUM 1.85E-03 1.10E-03 2.74E-03 1.90E-03 8.17E-04
COPPER 1.52E-03 1.88E-03 1.67E-03 1.69E-03 1.77E-04
NICKEL 2.36E-03 4.43E-04 1.40E-03 1.40E-03 9.58E-04
LEAD 1.34E-03 1.35E-03 1.23E-03 1.31E-03 6.59E-05
VANADIUM 4.62E-04 4.61E-04 4.46E-04 4.56E-04 9.31E-06
TIN 4.07E-04 3.91E-04 4.45E-04 4.14E-04 2.80E-05
MANGANESE 6.36E-04 2.02E-04 3.28E-04 3.89E-04 2.23E-04
ARSENIC 2.71E-04 3.06E-04 2.63E-04 2.80E-04 2.27E-05
ANTIMONY 7.75E-05 1.02E-04 8.39E-05 8.77E-05 1.26E-05
BARIUM 1.07E-04 6.22E-05 7.44E-05 8.13E-05 2.33E-05
COBALT 9.56E-05 3.11€-05 6.63E-05 6.44E-05 3.23E-05
SILVER 7.23E-05 1.93E-05 1.35E-05 3.51E-05 3.24E-05
GOLD 4.64E-06 2.90E-06 3.90E-06 3.81E-06 8.76E-07
SELENIUM 0.00E+00 3.02E-06 0.00E+00 1.01E-06 1.75E-06

.—------_--------—------------------—------------------------_-—------—--
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TABLE 14. UNCONTROLLED TRACE METAL EMISSIONS FROM THE INCINERATOR
(Baghouse Test Runs)

TOTAL TRACE METALS EMISSIONS (a/dscm)
“CORRECTED TO 12 % OXYGEN

BAGHOUSE INLET
RUN 6 RUN 7 RUN 8 MEAN SD
SULFUR 8.67E-02 9.22E-02 1.44E-01 1.08E-01 3.17E-02
IRON 2.62E-02 4.07€E-02 3.34E-02 3.34E-02 7.23E-03
PHOSPHOROUS 2.52E-02 1.89E-02 3.24E-02 2.55E-02 6.73E-03
CALCIUM 2.04E-02 2.48E-02 3.07€E-02 2.53E-02 5.15E-03
MAGNESTUM 8.96E-03 9.20E-03 1.02E-02 9.46E-03 6.67E-04
ZINC 3.11E-03 4.75E-03 3.68E-03 3.85E-03 8.33E-04
TITANIUM 2.76E-03 4.36E-03 3.43E-03 3.52E-03 8.02E-04
SODIUM 1.61E-03 2.63E-03 3.70E-03 2.65E-03 1.05E-03
COPPER 2.25E-03 3.25E-03 2.58E-03 2.69E-03 5.09E-04
CADMIUM 2.29E-03 3.18E-03 2.11E-03 2.53E-03 5.76E-04
LEAD - 1.98E-03 2.48E-03 1.53E-03 1.99E-03 4.77E-04
ALUMINUM 1.28E-03 1.35E-03 1.67E-03 1.44E-03 2.08E-04
CHROMIUM 5.55E-04 1.87E-03 2.92E-04 9.05E-04 8.45E-04
TIN 6.56E-04 7.94E-04 4.88E-04 6.46E-04 1.53E-04
VANADIUM 1.01E-03 5.08E-04 3.49E-04 6.21E-04 3.43E-04
NICKEL 3.25E-04 9.89E-04 1.94E-04 5.03E-04 4.26E-04
ARSENIC 3.29E-04 4.76E-04 3.96E-04 4.00E-04 7.37E-05
MANGANESE 1.76E-04 3.86E-04 1.90E-04 2.51E-04 1.17E-04
COBALT 3.02E-05 5.69E-05 2.89E-04 1.25E-04 1.43E-04
ANTIMONY 1.01E-04 1.53E-04 9.73E-05 1.17E-04 3.10E-05
BARIUM 4.98E-05 1.39E-04 1.33E-04 1.07E-04 4.97E-05
SELENIUM 4.06E-05 _2.22E-04 6.61E-06 8.98E-05 1.16E-04
SILVER 2.60E-05 “T1.56E-05 “=4.G64F=05 2.91E-05 1.59E-05
GOLD 4.12E-06 5.19E-06 2.84E-06 4.05E-06 1.18E-06

—_--------_---—-_---_---_-------—----—----------_-------------------------
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TABLE 15.

RANKED LIST OF METAL CONCENTRATIONS

IN THE UNCONTROLLED INCINERATOR EMISSIONS

Species

Uncontrolled Emission Co
g/dscm @ 12% 0

ncentration

2

Species Emitted at 107} g/dscm
{Corrected to 12% 02)

1. Sulfur 1.1 x 107}
Species Emitted at 1072 g/dscm
{Corrected to 12% 02)
2. Iron 3.2 x 10:%
3. Phosphorous 2.5 x 10.2
4. Calcium 2.1 x10

Species Emitted at 1073 g/dscm
{Corrected to 12% 02)

5. Magnesium

6. Zinc 1073
7. Titanium 10 3
8. Sodium 10
9. Cadmium -3
10. Copper 10

11. Chromium
12. Aluminum
13. Llead

D—GHHNNNNW.@
NN®R N RN
X X X X XK XX XX

Pt

o

w

Species Emitted at 1074 g/dscm
{Corrected to 12% 02)

14. Nickel 9.5 x 1073
15. Vanadium 5.4 x 10_,
16. Tin 5.3 x 10_,
17. Arsenic o 3.4 x 10_4
18. Manganese : - - 3.2 x 10_,
19. Antimony 1.0 x 10
Species Emitted at 10°° g/dscm

(Corrected to 12% 021

20. Cobalt - 9.5 x 107
21. Barium 9.4 x 10 ¢
22. Selenium 4.5 x 10 ¢
23. Silver 3.2 x 10_¢
24. Gold 3.9 x 10

-44-



TABLE 16. PARTICULATE MATTER ENRICHMENT RATIOS FOR THE UNCONTROLLED
INCINERATOR EMISSIONS (Scrubber Test Runs)

ENRICHMENT RATIOS @
SCRUBBER INLET
RUN 3 RUN 4 AVG
ALUMINUM 5.31 14.37 9.84
ANTIMONY 1.50 1.21 1.35
ARSENIC 1.44 1.48 1.46
BARIUM 3.01 2.56 2.79
CADMIUM 27.40 23.80 25.60
[CALCIUM 0.97 0.78 0.87
| CHROMIUM 1.34 1.55 1.44
COBALT 1.28 1.20 1.24
COPPER 1.13 1.14 1.13
GOLD 1.54 2.80 2.17
IRON 1.02 0.92 0.97
LEAD 6.13 5.47 5.80
MAGNESTUM 1.13 0.86 0.99
MANGANESE 1.28 1.22 1.25
NICKEL 2.45 2.70 2.58
PHOSPHOROUS 0.94 1.05 0.99
SELENIUM 0.01 ND 0.01
SILVER ND 2.38 1.19
SODIUM 0.87 2.05 1.46
SULFUR 1.28 1.22 1.25
TIN 4.54 4.90 4.72
TITANIUM 0.88 0.95 0.91
VANADIUM 2.84 2.95 2.89
ZINC 1.36 1.08 1.22

aS]udge feed metals data not available for Run 02.
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TABLE 17.

= oo e e
ENRICHMENT RATIOS

BAGHOUSE INLET

ALUMINUM
ANTIMONY
ARSENIC
BARIUM
CADMIUM
CALCIUM
CHROMIUM
{COBALT
COPPER
GOLD

IRON

LEAD
MAGNESTUM
MANGANESE
NICKEL
PHOSPHOROUS
SELENIUM
SILVER
SODIUM
SULFUR
TIN
TITANIUM
VANADIUM
ZINC

RUN 6

4.53
1.22
1.48
1.87
27.45
0.97
1.13
1.45
1.32
2.74
1.12
7.87
1.08
1.43
2.57
1.08
0.00
24.31
1.28
0.92
5.70
1.13
6.25
1.39

RUN 7

~n

—t et et P O bt bt O P = bt U N bt = = N D D et O
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.97
.17
.41
.71
.92
.48
.56
.16
.14
.52
.12
.46
.90
.27
.34
.50

ND

.86
.31
77
.42
.08

~n

) st B Ot B DN bt bt () b bt bt b bt b B DD b PO

PARTICULATE MATTER ENRICHMENT RATIOS FOR THE UNCONTROLLED
INCINERATOR EMISSIONS (Baghouse Test Runs)
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The average enrichment ratios range from a low of about 1 for phosphorus
and titanium to a high of 25 for cadmium. The species with the lowest
enrichment ratios in the uncontroiled emissions were titanium, phosphorus,
copper, calcium, iron, and zinc. These species all had average enrichment
ratios of 1.3 or less. The species with the highest enrichment ratios in the
uncontrolled emissions included cadmium, lead, and tin. These species are
generally considered volatile or semi-volatile. Each of these species had
enrichment ratios of 4.5 or greater.

baghouse inlet varied significantly for the 24 species analyzed. A table of
fractional metals distribution data is contained in Appendix A for each test
run. These data are summarized in Tables 18 and 19. Many species (e.q., Ti,
P, Cu, Ca, Fe, and In) were distributed predominantly in the large SASS
particle size fractions (i.e., the probe rinse/10 micron cyclone catch and the
3 micron cyclone catch). Typically, 40-60 weight percent of the total catch
of these elements was found in the probe rinse/10 micron cyclone fraction, and
20-30 percent was found in the 3 micron cyclone catch. The 1 micron cyclone,
filter, and impinger catches accounted for a total of only 10-15 percent of
these metals. Thus, the particle size distributions of these elements were
similar to the particle sijze distribution of the total particulate matter.

Other species (e.qg., cadmium, nickel, sulfur, chromium, aluminum, lead)
were distributed more evenly in the 5 SASS size fractions. Approximately
10-30 percent of the total catch of these species was found in the probe
rinse/10 micron cyclone catch, and 5-25 percent was found in the 3 micron
cyclone catch. Thus, the more volatile species were found to be preferen-
tially associated with the fine particulate matter. The particle size

distribution of these species do not necessarily mirror the particle size
distribution of the total particulate.

Figures 18 and 19 show the SASS train particle size distribution data for
cadmium, nickel, titanium, and zinc at the baghouse inlet location (Runs 06,
07, 08). These figures show the marked difference in particle size
distributions between the various species. Nickel showed particularly
distinctive behavior in that a significant fraction of the total nickel
captured by the SASS train was found in the impinger catch.

Trace Metals Emissions from the Scrubber

Total Trace Metals Emissions. ICAP analyses of the SASS train
particulate matter and impinger samples from the scrubber outlet location are
contained in Appendix A (Runs 02-04). The corresponding total trace metals
emissions concentrations (corrected to 12% 0 ) are presented in Table 20. In
general, the scrubber emissions show more va?iabi]ity between runs than the
corresponding uncontrolled incinerator emissions. The increased variability
is most likely due to analytical uncertainties associated with the smaller
sample size of the particulate matter catch at the scrubber outlet.

Table 21 gives a list of the 24 trace metals analyzed ranked in
descending order of mean emission concentrations from the scrubber. The
concentrations shown in Table 21 have been corrected to 12% 0 to facilitate a
fair comparison with the uncontrolled trace metals emissions aata in Table 15.
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Figure 18. Particle Size Distributions of Cadmium and
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TABLE 18. AVERAGE TRACE METALS PARTICLE SIZE DISTRIBUTION IN THE
UNCONTROLLED INCINERATOR EMISSIONS (Scrubber Test Runs)

Percent of Metal in Size Fraction
PROBE + 3 um 1 um FILTER IMPINGER
10 um CYCLONE CYCLONE CATCH CATCH

ALUMINUM 11.90 6.54 10.94 70.62 0.00
ANTIMONY 58.34 22.65 1.80 17.21 0.00
ARSENIC 61.20 24.03 2.65 5.20 6.92
BARIUM 19.41 9.08 4.04 67.46 0.00
CADMIUM 17.30 19.72 4.51 58.34 0.12
CALCIUM 88.00 9.37 1.09 1.47 0.06
CHROMIUM 3.54 1.17 0.26 0.64 94.39
COBALT 12.73 5.55 0.52 2.39 78.82
COPPER 51.95 23.20 2.91 21.60 0.33
GOLD 75.63 12.53 0.00 11.84 0.00
IRON 46.46 16.85 1.86 1.20 33.63
LEAD 20.58 18.52 3.88 57.02 0.00
MAGNESIUM 66.78 29.78 1.61 1.73 0.09
MANGANESE 21.44 8.55 0.81 0.86 68.34
NICKEL 3.71 2.11 0.41 3.04 90.73
PHOSPHOROUS 65.03 27.21 2.72 2.00 3.04
SELENIUM 0.00 44 .36 0.00 55.64 0.00
SILVER 30.60 43.65 4.08 21.67 0.00
SODIUM 61.24 14.85 1.95 21.96 0.00
SULFUR 3.84 2.64 0.35 1.99 91.18
TIN 17.63 13.05 2.80 66.52 0.00
TITANIUM 68.05 27.34 2.81 1.81 0.00
VANADIUM 31.23 21.66 3.07 44 .03 0.00
ZINC 52.85 24.86 2.89 18.82 0.58
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TABLE 19. AVERAGE TRACE METALS PARTICLE SIZE DISTRIBUTION IN THE
UNCONTROLLED INCINERATOR EMISSIONS (Baghouse Test Runs)

Percent of Metal in Size Fraction
PROBE + 3 um 1 um FILTER IMPINGER
10 um CYCLONE CYCLONE CATCH CATCH

ALUMINUM 21.30 12.59 16.87 49.24 0.00
ANTIMONY 56.65 24.92 2.67 15.76 0.00
ARSENIC 54.83 34.25 5.77 5.15 0.00
BARIUM 23.04 11.14 5.34 60.48 0.00
CADMIUM 17.89 31.75 9.45 40.48 0.44
CALCIUM 50.07 37.77 5.76 6.30 0.10
CHROMIUM 15.07 9.19 1.51 1.64 72.59
COBALT 8.90 5.00 0.84 1.41 83.85
COPPER 45.35 34.49 6.63 13.25 0.28
GOLD 45.93 30.99 6.94 16.14 0.00
IRON 52.20 33.83 5.31 1.29 7.36
LEAD 19.62 24.14 7.93 48.31 0.00
MAGNESIUM 52.14 40.32 5.07 2.40 0.07
MANGANESE 42.37 26.19 4.34 2.09 25.01
NICKEL 13.60 10.65 2.18 6.70 66.86
PHOSPHOROUS 48.39 41.83 6.45 2.04 1.28
SELENIUM 0.00 0.00 0.00 3.52 96.48
SILVER 12.84 55.05 16.79 15.32 0.00
SODIUM 37.07 32.42 7.30 22.29 0.91
SULFUR 2.80 3.17 0.71 1.79 91.53
TIN 15.69 18.79 5.28 57.91 2.34
TITANIUM 58.47 34.75 4.9] 1.87 0.00
VANADIUM 25.97 51.94 4.45 16.96 0.67
ZINC 47.35 34.99 6.32 11.11 0.22
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TABLE 20.

SULFUR
ALUMINUM
SODIUM
ZINC
CADMIUM
IRON
CALCIUM
LEAD
PHOSPHOROUS
COPPER
COBALT
NICKEL
MAGNESIUM
TIN
VANADIUM
CHROMIUM
SELENIUM
ANT IMONY
BARIUM
ARSENIC
MANGANESE
TITANIUM
SILVER
GOLD

TOTAL TRACE

RUN 2

.08E-03
.36E-03
.14E-04
.71E-04
.92E-04
.83E-04
.36E-04
.45E-04
.78E-04
.39E-04
.18E-04
.09E-05
.10E-04
.43E-05
.73E-05
.34E-05
.98E-05
.51E-05
.87E-06
.32E-05
.12E-06
.26E-05
.51E-06
.00E+00

OmH\lH\IHHw\I@HNNHNNHN-&O\wH\I

METALS EMISSIONS (g/dscm)
CORRECTED 10 12 %

OXYGEN

SCRUBBER OQUTLET

RUN 3

.21E-03
.48E-04
.64E-03
.66E-04
.48E-04
.52E-04
.S50E-04
.41E-05
.39E-04
.01E-05
.00E+00
.08E-04
.53E-05
.76E-05
.47E-05
.38E-05
.39E-05
.54E-06
.00E-05
.76E-06
.05E-05
.49E-06
.50E-06
.00E+00

ON\‘HMN&DHWNH\I'—‘O\IO—‘O\NWD—'NHNM

RUN 4

5.56E-03
2.39E-03
3.72E-04
1.85E-04
3.90E-04
2.69E-04
4.52E-04
2.35E-04
1.11€E-04
1.30E-04
0.00E+00
8.04E-05
1.63E-05
7.27E-05
6.84E-05
3.80E-05
4.77E-06
9.44E-06
5.50E-06
1.26E-05
1.15E-05
8.52E-06
4.86E-06
0
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MEAN

.29E-03
.33E-03
.76E-04
.74E-04
.43E-04
.01E-04
.79E-04
.81E-04
.76E-04
.13E-04
.25E-05
.99E-05
.73E-05
.82E-05
.68E-05
.17E-05
.28E-05
.14E-05
.11E-05
.85E-06
.69E-06
.54E-06
.62E-06
.00E+00

CONTROLLED TRACE METALS EMISSIONS FROM THE SCRUBBER

SD

1.95E-03
1.07E-03
7.50E-04
2.60E-04
1.77E-04
4.43E-05
1.60E-04
1.01E-04
8.96E-05
3.75E-05
1.26E-04
4.47E-05
4.75E-05
3
2
2
7
3
7
5
2
2
2
0

.56E-05
.82E-05
.79E-05
.59E-06
.24E-06
.77E-06
.28E-06
.28E-06
.71E-06
.01E-06
.00E+00




TABLE 21. RANKED LIST OF AVERAGE METAL
CONCENTRATIONS IN THE SCRUBBER EMISSIONS

Average Scrubber Emission Concentration
Species g/dscm @ 12% 02

Species Emitted at 1073 g/dscm
(Corrected to 12% 02)

1. Sulfur 5.3 x 1073
2. Aluminum 1.3 x 10
Species Emitted at 1074 g/dscm
(Corrected to 12% 0,)
3. Sodium 7.8 x 1073
4. Zinc 3.7 x 10_,
5. Cadmium 3.4 x 10_,
6. Iron 3.0 x 10_,
7. Calcium 2.8 x 10_,
8. Lead 1.8 x 10_,
9. Phosphorous 1.8 x 10_,
10. Copper 1.1 x 10
Species Emitted at 1070 g/dscm
(Corrected to 12% 0,)
11. Cobalt 7.3 x 107
12. Nickel 7.0 x 10 ¢
13. Magnesium 6.7 x 10 ¢
14. Tin 5.8 x 10 ¢
15. Vanadium 5.7 x 10 _¢
16. Chromium 5.2 x 10 _¢
17. Selenium 1.3 x 10_¢
18. Antimony 1.1 x 10 ¢
19. Barium 1.1 x 10
Species Emitted at 10°6 g/dscm
(Corrected to 12% 0,)
20. Arsenic - 9.9 x 1078
21. Manganese 9.7 x 10_6
22. Titanium 9.5 x 10_¢
23. Silver 4.6 x 10
24. Gold Not Detected




_3 The 24 species analyzed for ranged in cgneentration from 5.3 x
10 © g/dscm @ 12% 0, for sulfur to 4.6 x 10°° g/dscm @ 12% 0, for silver.
Sulfur alone accoun%ed for 55 percent of the species ana]yzea for in the
scrubber emissions. Gold was the only species analyzed for that was not
detected in the scrubber emissions.

Excluding sulfur, the most prevalent species were present in ;He
controlled scrubber emissions at concentrations on the order of 10 g/dscm.
These included aluminum, sodium, zinc, cadmium, iron, and calcium, lead,
phosphorus, and copper. Together, they accounted for about 40 percent of the
species analyzed for in the scrubber emissions. Nine specigg were present in
the scrubber emissions at concentrations on the order of 10™° g/dscm @ 12% 02.
These were cobalt, nickel, magnesium, tin, vanadium, chromium, selenium,
antimony, and barium. Together, they accounted for about 4 percent of the
species analyzed for in the scrubber emissions. The remaining species were
pregent in the scrubber emissions at concentrations on the order of
10 © g/dscm @ 12% 0, or less. These were arsenic, manganese, titanium,
silver, and gold. ?ogether, they accounted for less than 1 percent of the
species analyzed for in the scrubber emissions.

Trace Metals Enrichment Ratios in Scrubber Emissions. Figure 20 compares
the rank order of species in the scrubber emissions to the rank order of

species in the sludge feed. The figure shows considerable scatter relative to
the corresponding figure for the uncontrolled incinerator emissions. This
indicates that the enrichment ratios of many of the species changed
significantly across the scrubber.

Table 22 summarizes the average enrichment ratios of the individual
species for the scrubber emissions. These data are shown graphically in
Figure 21. The average enrichment ratios for the scrubber emissions ranged
from a Tow of 0.1 for titanium, phosphorus, magnesium, and iron to a high of
75.3 for cadmium. The data for aluminum are considered suspect because of the
presence of aluminum in the filter blank sample, as discussed in Section 6.
The species with the highest enrichment ratios in the scrubber emissions
included the toxic species cadmium, chromium, and lead. FEach of these species
had average enrichment ratios greater than 14. The species with the Towest
enrichment ratios were titanium, phosphorus, magnesium, manganese, iron,
calcium, and arsenic. Each of these species had enrichment ratios of less
than 1 in the scrubber emissions.

..

A i e o O SV N N g Rl TR

Trace Metal Removi ncTeE FOF thE et DT, at ﬂeﬂ?‘;}»ﬁmval
efficiencies for the scrubber are presented in Table 23 and summarized in
Table 24. The data show that about half of the species were removed more
efficiently by the scrubber than was total particulate (94.3%), and half were
removed less efficiently. The species with the lowest removal efficiencies
were cobalt, aluminum, and sodium. Each of these had removal efficiencies
below 65 percent. The species with the highest removal efficiencies were
iron, magnesium, phosphorus, titanium, and gold. Each of these species had
removal efficiencies greater than 99 percent.

Qistribution of Trace Metals by SASS Train Size Fraction. The
distribution of trace metal emissions by SASS train size fraction at the
scrubber outlet varied significantly for the 24 species analyzed. Since no
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TABLE 22. PARTICULATE MATTER ENRICHMENT RATIONS FOR THE CONTROLLED
SCRUBBER EMISSIONS

ENRICHMENT RATIOS
SCRUBBER OUTLET

RUN 3 RUN 4 AVG
ALUMINUM 27.99 258.08 143.04
ANT IMONY 3.30 2.79 3.05
ARSENIC 0.42 1.46 0.94
BARIUM 22.77 3.89 13.33
CADMIUM 45.28 105.42 75.35
CALCIUM 0.28 0.52 0.40
CHROMIUM 8.47 0.17 4.32
COBALT 0.00 0.00 0.00
COPPER 0.59 1.69 1.14
GOLD 0.00 0.00 0.00
IRON 0.21 0.08 0.15
LEAD 6.85 21.44 14.15
MAGNES UM 0.26 0.04 0.15
MANGANESE 0.24 0.22 0.23
NICKEL 1.26 1.51 1.38
PHOSPHOROUS 0.14 0.12 0.13
SELENIUM 1.22 ND 1.22
SILVER ND 17.58 17.58
SODIUM 16.29 10.17 13.23
SULFUR 2.04 4.55 3.29
TIN 4.81 16.41 10.61
TITANIUM 0.07 0.08 0.07
VANADIUM 3.57 9.09 6.33
ZINC 2.78 1.72 2.25
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TABLE 23.

TRACE METALS REMOVAL EFFICIENCIES FOR THE SCRUBBER

GOLD
TITANIUM
PHOSPHOROUS
MAGNESIUM
TRON
CALCIUM
MANGANESE
ARSENIC
CHROMIUM
SULFUR
COPPER
NICKEL
VANADIUM
ANTIMONY
TIN

LEAD

ZINC
BARIUM
CADMIUM
SILVER
SODIUM
ALUMINUM
COBALT2

SCRUBBER

RUN 3 RUN 4 AVERAGE
100.000 100.000 100.000
99.672 99.632 99.545
99.367 99.505 99.083
99.001 99.742 99.040
98.651 99.107 99.002
98.671 96.955 98.505
94.814 96.816 96.836
98.770 95.638 96.514
89.239 98.586 95.716
95.583 95.859 95.227
96.266 92.892 93.349
75.536 94.754 89.802
94.654 86.016 87.982
90.622 89.741 86.960
95.491 85.124 86.627
95.241 82.597 86.525
90.946 92.673 84.772
67.875 93.258 84.600
92.978 80.405 81.993
87.062 67.263 81.776
20.004 77.991 62.188
77.563 20.294 41.463

2 negative removal effi

least one run.

ciency was calculated for Cobalt in at
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particulate matter was captured in the 1 micron cyclone or the 3 micron
yclone at the scrubber outlet, the trace metals were distributed only among
the probe rinse/10 micron cyclone catch, the filter catch, and the impinger
catch. A table of fractional metals distribution data is contained in
Appendix A for each test run. These data are summarized in Table 25.

Sulfur, which was found to be the most abundant species analyzed for in
the scrubber emissions, was predominantly distributed in the impinger fraction
of the total SASS train catch. Approximately 10 percent of the captured
sulfur was found in the probe rinse/10 micron cyclone catch; 20 percent was

The probe rinse/10 micron cyclone catch represented the largest fraction
of the total SASS train catch for 3 individual species: selenium, magnesium,
and zinc. Other metals for which the probe rinse/10 micron cyclone catch was
a significant contributor included calcium, antimony, and chromium. The
filter catch represented the largest fraction of the total SASS train catch
for fourteen individual species. These included cadmium, lead, copper, and
arsenic. The impinger catch represented the largest fraction of the total

SASS train catch for five species. These were sulfur, iron, cobalt, nickel,
and chromium.

Figures 22 and 23 show the average SASS train particle size distribution
data for zinc, cadmium, nickel, and titanium in the scrubber emissions. These

data indicate the wide variability in particle size distributions for the
different elements.

Trace Metals Emissions from the Baghouse

Total Trace Metals missions. ICAP analyses of the SASS train
particulate matter samples (i.e., the probe rinse/10 micron cyclone catch and
the filter catch, and impinger samples from the baghouse outlet Jocation are
contained in Appendix A (runs 06-08). The-corresponding total trace metals
emissions concentration data are Presented fp Table 26. These data show a

similar degree of variability between: rung: % the scrubber emissions data in
Table 20. e

The 24 metals analyzed for are shown in Table 27, ranked in descending
order of mean baghouse emissions concentration. The average concentrations
are shown corrected to 12 percent 0 This facilitates a fair comparison with

the uncontrolled trace metals emiss?én data in Table 15 and the scrubber trace
metals emission data in Table 2].

The_f4 species analyzed for ranged in average concentration from
1.3 x 10" g/dscm @ 12% 0 sulfur to 1.3 x 10 g/dscm @ 12% 0, for gold.
Sulfur, which was the mos abundant species present, accounted“for 98 percent
of the species analyzed for. The most prevalent trace metal species
(i.e., non-sulfur species) were prese&t in the controlled baghouse emissions

at concentrations on the order of 107" g/dscm @ 12% 02. These were aluminum,
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! Z bt 4 N TOTAL 1 2
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TABLE 2-26. CONTROLLED TRACE METALS EMISSIONS FROM THE BAGHOUSE

TOTAL TRACE METALS EMISSIONS (g/dscm)
- CORRECTED TO 12 % OXYGEN

BAGHOUSE OUTLET
RUN 6 RUN 7 RUN 8 MEAN SD
SULFUR 9.99E-02 9.71E-02 1.80E-01 1.26E-01 4.73E-02
ALUMINUM 1.47E-03 1.47E-03 1.13E-03 1.36E-03 1.96E-04
IRON 4.35E-04 6.34E-04 3.00E-04 4.57E-04 1.68E-04
PHOSPHOROUS 4.74E-04 2.88E-04 5.29E-04 4.30E-04 1.26E-04
SELENIUM 1.08E-05 4.23E-04 3.19E-04 2.51E-04 2.14E-04
CALCIUM 1.89E-04 2.29E-04 6.40E-05 1.60E-04 8.58E-05
ZINC 5.01E-05 1.41E-04 6.69E-05 8.61E-05 4.86E-05
CHROMIUM 7.51E-05 1.18E-04 3.80E-05 7.69E-05 3.98E-05
MAGNESIUM 8.42E-05 6.28E-05 2.32E-05 5.67E-05 3.10E-05
TIN 3.84E-05 4.58E-05 9.59E-06 3.12E-05 1.91E-05
CADMIUM 2.87E-05 3.93E-05 2.35E-05 3.05E-05 8.05E-06
NICKEL 2.55E-05 4.15E-05 1.85E-05 2.85E-05 1.18E-05
SODIUM 3.39E-05 1.42E-05 1.08E-05 1.96E-05 1.25E-05
COBALT 3.44E-05 5.31E-06 0.00E+00 1.32E-05 1.85E-05
TITANIUM 1.53E-05 9.91E-06 1.18E-05 1.23E-05 2.71E-06
LEAD 1.78E-05 7.37E-06 5.51E-06 1.02E-05 6.60E-06
MANGANESE 7.78E-06 1.24E-05 7.36E-06 9.17E-06 2.77E-06
BARIUM 4.80E-06 5.69E-06 1.50E-05 8.48E-06 5.62E-06
ANTIMONY 1.11E-06 5.88E-06 1.59E-05 7.63E-06 7.55E-06
ARSENIC 6.70E-06 6.66E-06 5.17E-06 6.17E-06 8.71E-07
COPPER 7.53E-06 3.71E-06 1.01E-06 4.08E-06 3.27E-06
VANADIUM 3.42E-06 6.50E-06 2.17E-06 4.03E-06 2.23E-06
SILVER 1.60E-06 9.86E-07 1.88E-07 9.26E-07 7.10E-07
GOLD 0.00E+00 0.00E+00 2.24E-07 7.47E-08 1.29E-07

_---_--_--_--__-_-—--------------—-------—----_-_..-_-_--_-_----_---------_
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TABLE 2-27. RANKED LIST OF AVERAGE METAL
CONCENTRATIONS IN THE BAGHOUSE EMISSIONS

Average Scrubber Emission Concentration
Species g/dscm @ 12% 02

Species Emitted at 10 g/dscm
{Corrected to 12% 02)

1. Sulfur . 1.3 x 107} >

Species Emitted at 1073 g/dscm
{Corrected to 12% 02)

2. Aluminum 1.4 x 1073

Species Emitted at 1074 g/dscm
{Corrected to 12% 02)

3. Iron 4.6 x 10::
4. Phosphorous 4.3 x 10_4
5. Selenium 2.5 x 10_,
6. Calcium 1.6 x 10
Species Emitted at 10°° g/dscm
{Corrected to 12% 0,)
7. Zinc 8.6 x 107
8. Chromium 7.7 x 10 ¢
9. Magnesium 5.7 x 16_¢
10. Tin 3.1 x 10 ¢
11.  Cadmium 3.1 x 10_5
12.  Nickel 2.9 x 10_5
13. Sodium 2.0 x 10 ¢
14. Cobalt 1.3 x 10 ¢
15. Titanium 1.2 x 10_5
16. Lead 1.0 x 10

Species Emitted at 10°° g/dscm or less
{Corrected to 12% 02)

17. Manganese

9.2 x 107¢
18. Barium 8.5 x 10_6
19. Antimony 7.6 x 10_6
20. Arsenic 6.2 x 10_6
21. Copper 4.1 x 10_6
22. Vanadium 4.0 x 10_,
23. Silver 9.3 x 10_,
24. Gold 1.3 x 10
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iron, phosphorus, selenium, and calcium. Together, they accounted for about

2 percent of all species analyzed for (i.e., including sulfur) and 87 percent
of the trace metals analyzed for. Ten species were preggnt in the controlled
baghouse emissions at concentrations on the order of 10™ g/dscm @ 12% 0. .
These included the toxic metals chromium, cadmium, nickel, and lead. Toaether,
they accounted for about 0.3 percent of all species analyzed for and 12 percent
of the trace metals analyzed for. .The remaining eight species were present at
concentrations on the order of 10 g/dscm @ 12% 0, or less. Together, they

accounted for only 0.03 percent of al] species ana?yzed for and 1 percent of
the trace metals analyzed for.

Trace Metals Enrichment Ratio in_the Baghouse Emissions. Figure 16
compares the rank order of species in the baghouse emissions to the rank order
of species in the sludge feed. The plot shows considerable scatter relative
to Figure 15 (i.e., the rank order plot for uncontrolied incinerator
emissions). This indicates that the relative proportions of the various
species changed significantly across the baghouse. 1In addition, the pattern
for specific species is different from Figure 12 (i.e., the rank order plot
for scrubber emissions). In addition, this indicates that the baghouse
selectively removes different species than the scrubber.

Table 28 summarizes the average enrichment ratios of the individual
species for the baghouse emissions. These data are shown graphically in
Figure 23. The average enrichment ratios for the baghouse emissions ranged
from a Tow of 0.45 for copper to a high of 47.1 for cadmium. The data for
aluminum are considered suspect because of the presence of aluminum in the
filter blank sample, as discussed in Section 6.

Trace Metal Removal Efficiancies for the Baghouse. Trace metal removal
efficiencies for the baghouse are presented in Tab]e 29 and summarized in

lTess efficiently than the total particulate (99.1% removal). The five species
with higher removal efficiencies than the total particulate were calcium,
magnesium, lead, titanium, and copper.

Overall, the baghouse generally showed higher trace meta) removal
efficiencies than the scrubber. Fourteen of the 24 species analyzed for had

baghouse removal efficiencies of 95 percent or greater, compared to 10 of 24
for the scrubber.

As might be expected, the baghouse was ineffective for controlling sulfur
emissions from the incinerator. Much of the sulfur in the sludge feed is
emitted as gaseous sulfur oxides. The toxic metals chromium (87.2%), nickel
(91.6%), arsenic (98.1%), cadmium (98.5%), and lead (99.4%) all had baghouse
removal efficiencies greater than 85 percent. Selenium was not detected in
the uncontrolled incinerator emissions during the baghouse test runs.

Distribution of Trace Metal SASS Train Size Fraction. The
distribution of trage me@a]_emissions by SASS train size'fraction at the

only among the probe rinse/10 micron cyclone catch. A table of fractional
metals distribution data is contained in Appendix A for each test run. These
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TABLE 28. PARTICULATE MATTER ENRICHMENT RATIOS FOR THE
CONTROLLED BAGHOUSE EMISSIONS

.-----—----------o—----------------------------------—-----------.

ENRICHMENT RATIOS
BAGHOUSE OUTLET

RUN6 RUN7 RUNS AVG
ALUMINUM 1134.74 274.40 134.53 514.56
ANTIMONY 2.95 11.69 1.54 5.39
ARSENIC 6.59 5.11 1.21 4.30
BARIUM 39.49  28.83 18.04  28.79
CADMIUM 50.65  73.64 17.08  47.11
CALCIUM 1.62 5.34 0.18 2.38
CHROMIUM 50.40  66.81 1.70  39.63
COBALT 200.75 0.00 0.00 66.92
COPPER 0.97 0.34 0.03 0.45
GOLD 0.00 0.00 ND 0.00
IRON 2.05 2.43 0.21 1.56
LEAD 15.48 4.22 1.10 6.94
MAGNESIUM 2.16 3.18 0.22 1.85
MANGANESE 0.37 1.33 0.13 0.61
NICKEL 28.19  76.69 0.62  35.17
PHOSPHOROUS 1.36 0.50 0.03 0.63
SELENIUM 327.50 ND ND 327.50
SILVER 328.27  31.68 4.24 121.40
SODIUM : 5.92 1.84 0.32 2.69
SULFUR 3.02 5.23 0.88 3.05
TIN 5.78 _ 0.77  0.00 2.18
TITANIUM T L3EEET 044 10,205 03
VANADIUM 4.67 6.27 0.69 3.88
ZINC 4.15 9.30 I3k - -¥792
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TABLE 29. TRACE METALS REMOVAL EFFICIENCIES FOR THE BAGHOUSE

BAGHOUSE

METAL RUN 6 RUN 7 RUN 8 AVERAGE
GOLD 100.000 100.000 91.776 97.259
TITANIUM 99.350 99.674 99.641 99.555
PHOSPHOROUS 97.788 97.817 98.298 97.968
MAGNESIUM 98.893 99.022 99.764 99.226
IRON 98.046 97.766 99.064 98.292
CALCIUM 98.912 98.680 99.782 99.125
MANGANESE 94.795 95.411 95.958 95.388
ARSENIC 97.601 97.997 98.638 98.079
CHROMIUM 84.050 90.981 86.442 87.158
SULFUR2 -- -- -- --
COPPER 99.606 99.837 99.959 99.801
NICKEL 90.766 93.992 90.064 91.607
VANADIUM 99.599 98.167 99.350 99.039
ANTIMONY 98.702 94.484 82.972 92.053
TIN 93.107 91.738 97.952 94.266
LEAD 98.942 99.574 99.624 99.380
ZINC 98.105 95.739 98.103 97.316
BARIUM 88.643 94.122 88.247 90.337
CADMIUM 98.520 98.231 98.838 98.530
SILVER 92.739 90.607 99.579 94.308
SODIUM 97.521 99.228 99.695 98.814
ALUMINUM@ -- -- -- ==
COBALT?® -~ -- -- --

aNegative removal efficiencies were calculated for sulfur,
aluminum and cobalt in at least one run.
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TABLE 31.

ALUMINUM
ANTIMONY
ARSENIC
BARIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
GOLD

IRON

LEAD
MAGNESIUM
MANGANESE
NICKEL
PHOSPHOROUS
SELENTUM
SILVER
SODIUM
SULFUR
TIN
TITANIUM
VANADIUM
ZINC

_— - e, - m . ---eo

AVERAGE TRACE METALS PARTICLE SIZE DISTRIBUTIONS FOR THE
CONTROLLED BAGHOUSE EMISSIONS

Percent of Metal in
Size Fraction

PROBE + FILTER IMPINGER
10 um CATCH CATCH

e e D
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The data show that as a whole, trace metal emissions from the baghouse
were more evenly distributed among the three SASS size fractions than were the
trace metal emissions from the scrubber. The major difference is that the
impinger catch was a much more significant contributor to trace metals
emissions from the baghouse than to trace metals emissions from the scrubber.

Sulfur, which was found to be the most abundant species analyzed for in
the scrubber emissions, was distributed almost exclusively in the impinger
fraction of the total SASS train catch. Less than 0.2 percent of the captured
sulfur was found in the probe rinse/10 micron cyclone catch; less than

0.03 percent was found in the filter catch; and greater than 99.8 percent was
found in the impinger catch.

As a whole, the trace metals (i.e., non-sulfur species) emitted by the
baghouse were distributed primarily in the probe rinse/10 micron cyclone catch
and the impinger catch. Excluding aluminum, approximately 32 percent of the
total trace metals concentration was found in the probe rinse/10 micron
cyclone catch; 8 percent was found in the filter catch; and 60 percent was
found in the impinger catch. This represents a significant difference from
the trace metals distribution of the scrubber emissions, which was skewed
towards the filter fraction.

The probe rinse/10 micron cyclone catch represented the largest fraction
of the SASS train catch for eight individual species. These were calcium,
zinc, magnesium, cadmium, sodium, copper, vanadium, and silver. The filter
catch represented the largest fraction of the SASS train catch for six
individual species: aluminum, titanium, lead, barium, arsenic, and gold. The
impinger catch represented the largest fraction of the SASS train catch for

ten individual species. These included the toxic metals chromium, nickel, and
selenium.

Figures 24 and 25 show the average SASS train particle size distribution
data for zinc, cadmium, nickel, and titanium in the baghouse emissions. These
data indicate the wide variability in particle size distributions for the
different elements.

COMPARISON OF SCRUBBER AND BAGHOUSE PERFORMANCE

In this section, the effectiveness of the scrubber and the baghouse in
reducing total particulate and trace metals emissions from the incinerator are
compared. It should be noted that absolute comparisons are not possible since

the scrubber inlet emissions). Also, since the scrubber and baghouse tests
were performed on different days, variations in sludge feed characteristics

and incinerator operating conditions could also obscure differences in
performance between the two units.

Total Particulaté Removal Capability

The total particulate emissions from the scrubber were higher than those
from the baghouse. The average total particulate removal efficiency of the
scrubber was 94.3 percent, while the baghouse averaged 99.1 percent. As
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discussed below, these differences were primarily attributed to the relative
performance of the two control devices on particulate matter in the filter
fraction of the SASS train catch.

Both the scrubber and the baghouse showed high removal efficiencies for
Targe particulate. Removal efficiencies for particulate matter in the probe
rinse/10 micron cyclone fraction of the SASS train catch were 97.7 percent for
the scrubber and 98.6 percent for the baghouse. No measurable particulate
matter was captured in the 3 micron and 1 micron SASS train cyclones at the
outlet from either control device. Thus, both the scrubber and the baghouse
exhibited nearly complete removal for particulate matter in these size
fractions. The difference in the overall particulate removal efficiencies of

filter fraction of the SASS train catch. The scrubber removed only 59 percent

of the particulate matter in the filter catch size fraction, while the baghouse
removed 98.6 percent. Removal efficiencies for particulate matter in the back

half of the SASS train (i.e., the impingers) were not measured. ‘

Trace Metals Removal Capability

The baghouse and the scrubber were both reasonably effective in
controlling trace metals emissions from the incinerator. As shown in Table 32,
control efficiencies for the toxic species cadmium, lead, nickel, chromium,
and arsenic exceeded 82 percent for both devices. Figure 26 shows that the
baghouse was more effective than the scrubber for controlling emissions of
arsenic, cadmium, lead, and nickel, while the scrubber was more effective for
controlling emission of chromium.

The distribution of trace metal emissions in the SASS train size
fractions was quite different for the two control devices. Trace metal
emissions from the scrubber were found primarily on the filter fraction, while

trace metal emissions from the baghouse were found primarily in the impinger
fraction.

Other Considerations

Other factors that should be considered in comparing the relative
performance of the baghouse and the scrubber are emissions of gas phase
species. The scrubber was clearly superior to the baghouse in reducing
emissions of sulfur-containing species, most of which are assumed to be
sulfur oxides. The scrubber had a removal efficiency greater than 99 percent
for sulfur-containing species, while the baghouse showed essentially no
removal capability for these species.

Controlled emissions of hydrocarbon species were not measured at the
baghouse outlet location. However, based on visual observations it appeared
that a significant amount of hydrocarbons were emitted by the baghouse. The

scrubber would be expected to be more effective than the baghouse in reducing
these emissions.

TRACE METALS CONTENT OF BOTTOM ASH AND BAGHOUSE DUST
The trace metals content of incinerator bottom ash and baghouse dust

samples from each test run are presented in Appendix A. The metals content
data are reported on a dry, volatile free basis. Table 33 shows the measured
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TABLE 32.
REMOVAL E

COMPARISON OF BAGHOUSE AND SCRUBBER
FFICIENCIES FOR SELECTED METALS

Removal Efficiency (%)

Species Baghouse Scrubber
Arsenic 98.1 96.5
Cadmium 98.5 82.0
Chromium 87.2 95.7
Lead 99.4 86.5
Nickel 91.6 89.8

Selenium

~
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TABLE 33. TOTAL SOLIDS AND VOLATILES CONTENT DATA
FOR THE PROCESS SAMPLES

Total Solids Volatiles
Content of Sample Content of Solids
Sample (wt.%) (wt.%)
Sludge Feed Samples
Sludge Feed, Run 03 14.3 62.0
Sludge Feed, Run 04 15.3 61.6
Sludge Feed, Run 05a 13.9 65.4
Sludge Feed, Run 06a 14.4 59.8
Sludge Feed, Run 06 14.7 60.9
Sludge Feed, Run 07 15.5 12.8
Sludge Feed, Run 08 16.3 13.5
Bottom Ash Samples
Bottom Ash, Run 02 99.9 0.2
Bottom Ash, Run 03a 99.7 0.3
Bottom Ash, Run 04a 99.4 0.3
Bottom Ash, Run 04 99.4 0.3
Bottom Ash, Run 06 100.0 0.1
Bottom Ash, Run 07 100.0 0.2
Bottom Ash, Run 08 100.0 0.3

Baghouse Dust Samples

Baghouse Dust, Run 06a 92.5 6.8
Baghouse Dust, Run 07a 93.1 6.7
Baghouse Dust, Run 07 92.8 6.8
Baghouse Dust, Run 08 92.6 6.4

aDuph‘cate analyses were performed on the following sample:

Sludge feed, Run 06; Bottom Ash, Run 04; and Baghouse Dust, Run 07.
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total solids and volatile solids contents of the bottom ash and baghouse catch
samples. Dry, volatile-free solids accounted for an average of 99.6 weight

percent of the bottom ash samples and 86.5 weight percent of the baghouse dust
samples.

The dry, volatile-free metals analyses of the bottom ash samples are
summarized in Table 34. The average trace metals contents of the bottom ash
samples were generally similar to that of the dry, volatiles free sludge. The
average trace metals concentrations of the bottom ash and sludge samples
agreed to within 20 percent except for 6 species. The non-volatile species
aluminum, gold, silver, and sodium were found to be significantly more
abundant in the bottom ash relative to the sludge. The bottom ash enrichment
ratio of these species ranged from 4.5 for silver to 1.3 for sodium. Cadmium
and sulfur, on the other hand, were significantly less abundant in the bottom
ash than in the sludge. The bottom ash enrichment ratios of these species
were 0.3 and 0.2, respectively.

The dry, volatile-free metals analyses of the baghouse dust samples are
summarized in Table 35. The metals content of the baghouse dust tended to
track that of the particulate captured by the SASS train at the baghouse inlet
location. The species that were most abundant in the baghouse dust relative
to the sludge were cadmium, lead, tin, aluminum, and nickel. The average
baghouse dust enrichment ratio was larger than 3 for each of these species.
Barium, which had a baghouse dust enrichment ratio of 0.7, was the least
abundant element in the baghouse dust relative to its abundance in the sludge.

CONTINUOUS MONITORING DATA

Mean concentrations of the combustion gases that were continuously
monitored at the incinerator outlet location are shown for each test run in
Table 36. The overall mean values of the valid data for each parameter are:
oxygen, 11.2 percent by volume (dry); carbon monoxide, 3500 ppmv (dry); carbon
dioxide, 8.1 percent by volume (dry); sulfur oxides, 500 ppmv (dry); nitrogen
oxides, 200 ppmv (dry); and total hydrocarbons, 88 ppmv (wet, as propane).

The continuous OXxygen monitoring data for Runs 03 and 07 were considered
invalid for several reasons: (i) the continuous monitoring data for these
runs did not agree with integrated bag sample data analyzed using a gas
chromatograph; (ii) the continuous oxygen monitoring data for these runs did
not check with the continuous carbon monoxide monitoring data (i.e., the data

excess air.

Five minute average values for the continuously monitored combustion
gases are tabulated in Appendix B and are shown graphically as functions of
time in Figures 26 through 37. These graphs show that there were significant
temporal variations in the concentration of each of the monitored species.

DISPERSION MODELING PARAMETERS

Dispersion modeling parameters for the existing wet scrubber system and a
hypothetical full scale baghouse system are Tisted in Table 37. Parameters
for the scrubber are based on measured data from Runs 02 to 04 (scrubber test
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TABLE 34. TRACE METALS CONTENT OF BOTTOM ASH

CONCENTRATION OF TRACE METALS IN BOTTON ASH

: PP

; RUN 2 RUN 3 RUN 4 RUN 6 RUN 7 RUN 8 AVERAGE
TALUMINUN 4,15e+03 2, 23E+03 2.06E+03 1.74E+03 7.78E+02 1.24E403 2,03E+03
1 ANTIMONY 2.48E+02 2.28E+02 2.31E+02 2.218+02 2. 16E+02 2.20E+02 2.27E+02
JARSENIC T.49E402 7,49E+02 7.67E+02 6.71E402 6.07E+02 7.07€402 7.08€+02
+BARIUN 2,83E+02 8. 90E+01 1.10E+02 7.56E+01 9.29E+01 1.99E+02 «27E402
'CADNIUM 1.06E+02 4, 14E+01 1.07e402 3.82E+04 6.00E+01 9. 54401 1.79E+01
1CALCIUN 4.95E+04 7. 84E+03 3.63E+04 3.39E+04 3.07E+04 3. S7E+04 3. 30E+04
+CHROMIUM 3. 276402 4, 44E+02 3.37E402 4.50E+402 4.14E+02 4.62E+402 4.73E+402
+COBALT S.07E+01 4. 14E+01 4. 44401 3. 44E+0] 3.26E+01 4.31E+01 4. 11E+01
COPPER 4.82E403 4.99E+403 3.37E+03 4.30€+03 4. 238403 3.08E+03 4,83E+03
160LD 1.02E+01 1.07E+04 8.31E400 7.02E+00 2.32E+00 b.87E+00 7.58E+00
+IRON S.T2E+04 4.99E+04 S.T7E+04 4.58E+04 3. 28E+04 3. 84E+04 3. 15E+04
‘LERD §,82E+02 6,22E+02 6. 43E402 4. 64402 4.34E402 7.16E402 6. 22E+02
iMABNESILN 1.84E+04 7.83E+03 1.23E+04 1.08E+04 1. 05E+04 1.52E+04 1. 256404
1 NANGANESE 4.37E+02 3.48E+02 4.27E+02 J.01E+02 2.92E+02 J.61E+02 3.81E402
+NICKEL 2.92E402 1.29E402 2.47E402 1.68E+02 1.37E+02 2.19E402 1.99E402
1 PHOSPHOROUS 7.50E+04 T.99E+04 8. 16E+04 8. 75E+04 6.2TE+04 5. 13E+04 7. 14E404
T SELENTUM 0.00E+00 0.00E+00 0.00E+00 0. 00E+00 0.00E+00 0.00E+00 0.00E+00
‘SILVER 3. 48E+01 6. 46E+01 3. 236401 3. 08E+01 1.4BE+08 1.20€+0¢ 3. 52E+01
+S0DIUM 3. 06E+03 3426403 5.33E403 4. 226403 J.61E+03 3 13E403 4.51E+03
1 SULFUR 4, I5E403 2.89E+03 4.17E+03 4,38E403 5. 0TE+03 6.05E403 4.61E+03
TIN 3.39E+02 2.89E+02 3. 14E+402 2.89E+02 2.37E+02 2.89E+402 2.93E+02
T TITANIUN 7.83E403 7.81E403 B8.06E+03 §.75E+03 5.20E+03 7.03E+03 7.28E403

VANADIUM 7. 14E402 3. 45E+02 3.21E402 4, 24E+02 3.63E+02 4.89E+02 3.09E+402
1 1INC 6.74E+03 6. 25E+03 6.37E403 3.85E+03 5.53E+03 6.57E+03 +22E+03
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TABLE 35.

TRACE METALS CONTENT OF BAGHOUSE DUST

TALUMINUN
| ANTINONY
VARSENIC

' BARIUN
iCADRtIUN
iCALCIUM
:CHROMIUM
+COBALT

i COPPER
160LD
+IRON
LEAD

1 HAGNESTUN
s WANGANESE
INICKEL

1 PHOSPHOROUS
+SELENTUN
‘SILVER
+SODIUN

1 SULFUR
iTIN
'TITANIUN
' VANADIUN
1 1INC

CONCENTRATION OF TRACE NETALS IN BAGHOUSE DUST

RUN &

2.94E403
1.38E402
8.20E+02
7.93E+01
4,96E+03
5. 64E+04
6. 71E+02
4.53E+01
4.88E+03
2428400
5.60E+04
§.1BE+03
6.20E+03
3.84E+02
J.97E+02
6.09E+04
1.356E+01
4,25E+00
6.96E+03
2. 60E+04
1.07E+03
6. 15E+03
9. 10E+02
7.99E403

PPN

1.54E+03
1. ASE+04
3.77€402
3.38E+02
S.97E+04
§,38E+01
1.50E+00
2.79E403
2.26E+04
8.45€402
S.BIE+03
1.47E402
7.22E403

RUN 8

5.03E+03
2.47€+02
9.13E+02
7.90E+00
3.06E+03
+24E404
4.62E+02
3.63E+0!
4. 756403
0.00E+00
6.36E+04
8.82E+01
3438402
3.06E402
1. 45E+02
s, L1E+04
0.00E+00
1.51E+00
2.57€+03
2.11E+04
9.10E+02
6.31E+03
8.73E+02
6. 24E+03

AVERAGE

3. 158403
2.06E+02
3.32E+402
4.95E+01
4.04E+03
4, 94E+04
3.82E402
4, 17E+0L
4,91E+03
1. JOE+00
6.41E+04
§.94E+03
7.01E+03
3, S8E+02
2.93E+02
6.06E+04
2. 64E+0!
. 49E400
14E+03
« S2E+04
9.4{E+02
5.49E+03
1.76E402
7.13E403

ra = o
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TABLE 2-37. Dispersion Modeling Parameters for the
Scrubber and a Full Scale Baghouse

Scrubber?® Baghouseb
Stack Height 22.0 m 22.0m
(above ground Tevel)
Stack Diameter 1.2 m 1.2 m
(inside)
Stack Temperature 75%C 112%
(outlet)
Stack Moisture 2.5 % 14.7 %
(outlet)
Stack Gas Flow 234 dscmm 234 dscmm
(dry standard)
Stack Gas Flow 285 acmm 353 acmm
(actual conditions)
% 02 (dry) 17.8 % 17.8 %
Sludge Feed Rate 1680 kg/hr 1680 kg/hr
(wet basis)
Sludge Feed Rate 280 kg/hr 280 kg/hr

(dry basis)

aModeh’ng parameters for the scrubber system were developed from data
measured during Runs 02-04, adjusted by the slipstream volume.

bModeh‘ng parameters for the full scale baghouse system were calculated as
discussed in the text.
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runs), adjusted slightly for the presence of the slipstreanm during the test
runs. Parameters for the hypothetical full scale baghouse were based on the
following assumptions:

(1)

(i1)

(i)

(iv)

(v)

(vi)

The baghouse stack height and diameter were assumed identical to
that of the existing scrubber stack.

The baghouse stack temperature was calculated based on a heat 0
balance. The outlet baghouse temperature was assumed to be 408 F,
the shaft cooling air outlet temperature was assumed to be 260°F
(i.e., average for Runs 02 to 04) and the incinerator: shaft cooling
air flow ratio was assumed identical to that of Figure 6.

The baghouse stack moisture was calculated based on the average
incinerator outlet moisture for Runs 02 to 04 (31.2% HZO) and the
incinerator: shaft cooling air flow ratio of Figure 6¢

The dry standard baghouse stack gas flow rate was assumed to be
equal to that of the scrubber. The actual baghouse stack gas flow

rate was calculated using the temperature and moisture values from
(i1) and (iii) above.

The percent oxygen at the baghouse stack (dry basis) was assumed to
be equal to that of the scrubber.

Sludge feed rates were assumed to be equal to that of the scrubber.
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SECTION 4
SAMPLING PROCEDURES
This section describes the flue gas sampling and process sampling methods
used during the scrubber and baghouse tests.

SASS TRAIN SAMPLING PROCEDURE

This section contains the SASS train sampling description that was
originally included in the site specific test plan. The procedures specified
in the test plan were carefully followed during the scrubber and baghouse test
runs. For additional details on the sampling train, see the Operating and

Service Manual: Source Assessment Sampling System. A schematic diagram of
the SASS train is shown in Figure 38.

Equipment Preparation for Sample Collection

The first stage in preparing a new sampling train and new sample
containers for sample collection is prepassivation with a nitric acid
solution. A1l metal and glass surfaces in the sampling train that come in
contact with the sample will be prepassivated by a 30-min contact with 15
percent (v/v) aqueous nitric acid. Use a stiff nylon brush or hard Teflon
scraper to aid in cleaning the surfaces if necessary. Agitate the parts
initially to remove trapped air bubbles. Rinse in a second solution of 15
percent (v/v) HNO,, then rinse with distilled water. Next, rerinse by
spraying thorough?y with alcohol (taking care to cover all surfaces) or dip in
alcohol and agitate for 10 seconds. Finally, dry in clean air. If the
impingers are to be used immediately after cleaning, they should be thoroughly
dried or rerinsed with distilled water to prevent foaming.

A different approach is used for subsequent cleanings of SASS train
components and the sample bottles for the baghouse test program. In the 1lab,
the sampling train components and sample bottles are cleaned in three
successive stages using a different solvent in each stage. The solvents are
hot soapy water, distilled water, 0.1 normal nitric acid, and acetone in the
order listed. This will remove all extraneous particulate matter and produce
a clean, dry surface. A contaminated train component may not be used in a

sampling run. AN equipment treated in the above fashion must be placed in a
clean area to await the test.

be as clean as possible under existing field conditions. An enclosed space is
required in which reasonable precaution has been taken to remove spurious
dust, dirt, or particutate contaminants. Reasonable precaution is intended to
mean that the area has been swept clean, doors or other significant

draft-inducing sources have been closed, and all work bench areas have been
wiped down.
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Apparatus Checkout - SASS Test

The following tasks will be performed in the home base laboratory prior
to testing:

a. Assemble all components required for the complete system.

b. Clean components in accordance with the procedures described in
reference manual.

c. Obtain a sufficient quantity of solvents to maintain adequate
reserves during the elapsed time in the field.

d. Accumulate an inventory of Swagelok fittings for each SASS train.

e. Examine all SASS train parts closely for defects that might induce
down-time problems in the field.

f. Leak-check the entire system.

Next to the cleaning procedures, leak-checking the train prior to field
use is one of the most important pretest tasks to be performed. This
procedure can save many hours in the field. The leak-checking procedure
involves assembling the entire train, sealing the probe tip, opening the
isolation ball valve, turning on the pumping system, and observing flow meter
gauges for the existence of any appreciable flow. Evacuate the train to3127
mm Hg (53in Hg). The allowable leak rate for the SASS train is 0.0014 m /min
(0.05 ft/min) at this pressure. Close the isolation ball valve and leak
check the remainder of the train a§ 508 mm Hg (29 in Hg). The leak rate
should again be less than 0.0014 m”/min (0.05 ft°/min). If this criterion is
not easily achievable using Teflon gaskets in the system, Viton A gasket
substition may facilitate meeting this standard. The instructions

accompanying the train present in detail the steps involved in leak-checking
the system.

SASS Train Sampling Procedure

The SASS sample is normally acquired at a point of average velocity near
the center of the duct (the average velocity being determined by a velocity
traverse). During the baghouse test program the sample will be drawn from
single points. Sample point location will be determined either by EPA Method
1 specifications or in the center of the duct depending on velocity
stratification, access and sample time. The sample will be withdrawn at a
constant flow rate using a nozzle that is specifically selected for near
isokinetic conditions (+ 20%) when the test is initiated. Nozzle selection
will be determined from preliminary measurements at each location.

The steps involved in using the train to acquire this sample are

described in detail in the manuals provided with the SASS train. An outline
of the procedure follows:

I. Test Site

A. Prepare sampling port on duct, flue, or stack.

B. Secure electrical power.
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IT.

III.

Iv.

SASS Train Assembly

A.
B.

E.
F.

Attach probe to oven.

Place the three cyclones and filter assembly in the oven and
connect the 10 um cyclone to the probe. (Note that to

achieve the proper size fractionation, the vortex breakers for
the ">10 um" and for the "10- to 3-um" cyclones should not be
used.)

. Assemble impinger train.

. Fill impinger bottles with the reagents listed in Table 38.
Place the impingers in the tray in impinger case, cap
bottles, and make appropriate connections.

Transport to sampling location.

Fill impinger case with ice and water.

W N —

. Connect oven outlet (i.e., filter housing outlet) to the first

impinger.
Connect vacuum pumps (in parallel) to the last impinger outlet.

Connect all temperature sensors and power lines to control unit.

Checkout and Inspection

A.
B.

Run gas flow leak check.

Check temperature indicators with all thermocouples at ambient
temperature.

. Heat oven and probe to 204° (400°F).
. Note operation of vacuum pumps and gas meter.

. Inspect pitot tube; also, compare results of volume measured with

orifice meter and dry gas meter. Calibrate each as necessary.

Operation

A. Measure stack temperature, moisture content, and velocity

profile.

. Calculate size of probe nozzle needed for isokinetic sampling and

select and attach appropriate size nozzle. The stack
temperature, gas velocity, and effluent water vapor content must
be considered when choosing the proper nozzle size (preliminary
measurement).

. Calculate train gauge reading to achieve train flow rate of

0.184 ACMM (6.5 ACFM) in the cyclones. (This flow rate is
necessary for proper operation of the cyclones.)
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TABLE 38. SASS TRAIN IMPINGER SYSTEM REAGENTS
Impinger Reagents Quantity Purpose
#1 Nitric acid 500 mL Condense moisture and metals
(0.1N HN03)
#2 Nitric acid 500 mL Condense moisture and metals
(0.1IN HN03)
#3 Empty Empty Prevent carryover
#4 Silica gel 1500 grams Condense moisture and protect

pump/dry gas meter
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D. Install probe in stream at desired point and turn on vacuum
pumps; adjust train flow rate to the calculated desired rate.

E. If the flow rate cannot be maintained at greater than 75 percent
of the desired rate, the filter must be changed.

F. Collect sample. Monitor all temperatures and flow rates, and
adjust as necessary.

V.  Shutdown
A. Close valves at pumps.
B. Remove the sampling nozzle train from inside the stack.
C. Turn off pumps.
D. Switch off main power.

Replacement of a clogged filter is a time-consuming process that could
require as much as 2 hours, depending on the sampling location and the
possible difficulties that can be encountered in exchanging the filter
housings. Once removed, the housing should be carried intact to a clean area
for filter removal. A second, preloaded filter housing should be available
for use when the first filter housing is removed for unloading, cleaning, adn
reloading. Check this assembled replacement filter assembly for leaks before
placing it in service, then make a final check of the pressure drop of the
whole SASS system when the unit is again reassaembled. The 1 um cyclone
reservoir should be checked for remaining capacity whenever the filter is
replaced. Take care not to contaminate the contents during this inspection.

Sample Handling and Shipment

A modular approach will expedite the explanation of the procedures
involved in sample transfer and handling. For this reason, the SASS train is
considered in terms of the following sections:

a. Nozzle and probe

b. Cyclone system interconnect tubing
c. Cyclones

d. Filter

e. Impingers

At the conclusion of the sampling run, the train is disassembled and
transported to the mobile lab unit or prepared work area as follows:

a. Open the cyclone oven to expedite cooling, disconnect the probe, and
cap off both ends.

b. Disconnect the line joining the cyclone oven to impinger assembly at
the exit side of the filter and cap off (1) the entrance to the 10-um cyclone,
(2) the filter holder exit, and (3) the entrance to the Joining line, which

-105-



c. Cap off the entrance line to the impinger system.

d. Disconnect the line leaving the silica gel impinger at its exit point
and cap off the impinger exit. Discard ice and water from the
impinger box to facilitate carrying.

At the completion of all sample transfer activities, all SASS train
components must be completely clean in preparation for the next sampling run.

SASS Sample Recovery

Figure 39 is a flowchart of the sample handling for those SASS fractions
containing particulate matter. Fach glass container with the individual
cyclone catches will be dessicated and weighed separately. A1l front half
components of the SASS sampling train, including the probe, cyclone(s) and
filter assembly will be rinsed with acetone after cyclone sample recovery. A
second rinse with 0.IN nitric acid will be used to insure removal of residual
metal species. Both rinses will be retained for analysis. The acetone rinses
for all stages will be combined and evaporated to dryness, dessicated and
weighed. The four (4) individual stage weights will be summed with the

combined acetone evaporate and totaled for the front half mass particulate
determination.

Figure 40 is a flowchart of the sample handling for the impinger
contents. The impinger catch will be used to determine moi§ture and condensed

Continuous Monitoring of Combustion Gases

Continuous monitoring was performed at the incinerator outlet (scrubber
inlet) sampling location for O , COZ’ €0, NO_, SO,, and THC. The continuous
monitoring was performed throushout the 6-hollr period that SASS train sampling
was being conducted each test day. Sample acquisition was accomplished using
an in-stack filter probe and 24 m (80 ft) of heat-traced Teflon sample line
connected to a mobile laborato Y. The heat traced sample Tine was maintained
at a temperature of 150Y¢C (300°F) to prevent condensation in the sample line.
The stack gas sample was drawn through the filter and heated sample line using
pumps located in the mobile laboratory. Sample gas to be analyzed for CO,
€o,, 0,, NO_ and SO, was then pumped through a sample gas conditioner,
coasisging 8f an icg bath and knockout trap, to remove moisture and thus
provide a dry gas stream for analysis. A separate unconditioned gas slip
stream was supplied to the THC analyzer for analysis on a wet basis.

An Anarad Model 412 nondispersive infrared (NDIR) analyzer was used to
measure CO and CQg; a Beckman Model 755 paramagnetic analyzer was used to
measure 0,; a Techd Model 10 chemiluminescent analyzer was used to measure NO H
a Teco Mogel 40 pulsed fluorescence analyzer was used to measure SO y and a
Beckman Model 402 flame ionization was used to measure THC. The ca?ibration
procedures for the continuous monitors included a three point (two upscale
Plus zero} linearity check on the first test day, single point and zero

calibration checks daily, and single point drift check at the end of each test
day.
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STATIONARY GAS SAMPLING AND MOISTURE DETERMINATION

The integrated sampling technique described in EPA Method 3 was used at
the SASS sampling locations to obtain a composite flue gas sample for fixed
gas (0,, CO,, N,) analysis. The fixed gas analysis was used to determine the
molecutar w ighg of the gas stream and to correct the measured particulate and
trace metal concentrations to 12% 0,. A small diaphragm pump and a stainless
steel probe were used to eﬁtract siﬁg]e point flue gas samples. The samples
were collected in a Tedlar bag. Moisture was removed from the gas sample by
a water-cooled condenser so that the fixed gas analysis.was on a dry basis.

The moisture content of the flue gas was determined at the SASS sampling
locations using EPA Method 4. Based on this method, a measured volume of
particulate-free gas was pulled through a chilled impinger train. The
quantity of condensed water was determined gravimetrically and then related to
the volume of gas sampled to determine the moisture content.

PROCESS SAMPLES

Three types of process samples were obtained: incinerator sludge feed,
incinerator bottom ash, and baghouse dust. Sampling locations and procedures
are discussed below.

Sludge Feed Sampling

Sludge feed samples were obtained directly from the belt feeder
immediately prior to the incinerator. The host plant routinely samples the
sludge on an hourly basis and analyzes the 24-hour sample composites for tota]
solids and volatile solids. Plant personnel were asked to take additional
samples for the test Program at the same time they took samples for
solids/volatiles analyses. Each hourly test sample consisted of approximately
500g (1.1 1b) of sludge. The hourly samples were composited in a large clear

glass jar. The composite sample from each run was analyzed for metals content
using ICAP spectroscopy.

Incinerator Bottom Ash Sampling

Incinerator bottom ash was sampled at the point of discharge from the
Screw conveyor that transports the ash from the bottom hearth of the
incinerator. The ash was sampled as it was discharged into a large hopper. A
pre-cleaned metal bucket attached to a long handle was used for the sampling.

Thﬁ bucket was held directly below the spout to capture the falling bottom
ash.

AR 1 liter camposite bottom ash sample was developed for each test run.
The composite samples were prepared from two 250 m] samples taken at the
beginning and end of each run. The composite bottom ash sample from each run
was analyzed for metals content using ICAP spectroscopy.
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Baghouse Dust Samplin

Particulate matter captured by the baghouse was recovered at the end of
each test run by manually brushing the exterior surface of the bags with a
soft brush. The particulate matter then fell to the bottom of the baghouse
and settled in a glass collection jar. The contents of the collection jar
were removed at the end of each test run. The baghouse particulate matter

catch from each of the baghouse test runs (Runs 04-06) was analyzed for metals
content using ICAP spectroscopy.
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SECTION 5
ANALYTICAL PROCEDURES

SAMPLES PREPARATION FOR ICAP ANALYSIS

Samples collected in the SASS sampling train were analyzed for total
particulate concentration, particle size distribution, and metals content.
Metals were analyzed by ICAP after weighing the samples on a 5-place
analytical balance. Sludge feed, bottom ash, and hopper catch samples were
analyzed for metals after the sample preparation desribed below. Daily
composites of one-hour increments of sludge were analyzed by the host sites
laboratory for moisture and volatiles content. The same procedures were used
for both the baghouse and the ESP evaluations.

Three types of samples were generated: (i) liquid, (ii) particulate and
(iii) filter with particulate. The individual samples taken are as follows:
probe rinse, ten micron cyclone catch, 3 micron cyclone catch, 1 micron
cyclone catch, filter, impinger contents, incinerator bottom ash, hopper
catch, and sludge feed.

Aliquots of the impinger contents were analyzed by ICAP as is. Aliquots
were removed from a well mixed sample. Prior to ana]yais the sludge feed,
bottom ash, and hopper catch samples were dried at 100°C until a constant 0
weight was achieved. Following the drying, these samples were ashed at 600°C
to drive off any vo]atile organics. Aliquots for further sampies preparation
were taken from the 100°C dried samples for the bottgm ash and hopper catch,
while the sludge feed aliquot was taken from the 600 C ashed sample.

A1l particulate samples were digested in acid using a Parr bomb having a
Teflon container, prior to analysis by ICAP. The particulate 8amp1es include
the filter, 1 micron cyclone catch, 3 gicron cyclone catch, 100°C dried bottom
ash, 1007C dried hopper catch, and 600°C ashed sludge feed. 1In all possible
cases, the dried probe rinse was added to the 10 micron cyclone catch and well
mixed, from which an aliquot was taken and digested. After either a filter
sample was folded and placed in a Teflon container, or 0.5 g to 1 g of a
particulate sample was weighed into a teflon container, 5 ml of concentrated
HF was added. This was followed by 5 ml of concentrated HNO,. The container
was then placed into the bomb casing, sealed, and put in an 8ven at 150°C for
4 to 6 hours. After digestion, the bombs were cooled and opened. The liquid
solution was poured into a 50 ml Nalgene volumetric flask and brought to
volume with deionized water. The 50 m} samples were then ready for analysis.

If any residue remained, the liquid was carefully decanted and the
residue was filtered through glass wool and rebombed with 5 ml of HF and 5 ml
of HNO,. This ensured that all metals were leached into solution from the
particalate. Almost all the filter samples had residue remaining after the
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first bombing, while the other samples did not. This is Tikely due to the
greater amount of material which was to be digested: Not only was 0.5 g to
1.5 g of sample present, but also 1.0 g to 2.0 of glass fiber filter. After
redigestion, the rebombed residue samples were analyzed as separate samples,
but the results were combined with that from the first bombing.

METALS ANALYSIS BY ICAP

A1l metals analyses were performed on an Instrumentation Laboratory
inductively coupled Argon Plasma 200 (ICAP), having a vacuum monochrometer.
Samples are analyzed by aspirating a sample into the ICAP’s plasma or torch.
The torch destroys any compounds, leaving all metals present in their atomic
or ionic state. The metal atoms or ions absorb energy from the torch, which
is given off by the atom or ion as Tight. This 1ight then passes through both
a vacuum monochrometer and an airpath monochrometer, and is detected by
photomultiplier tubes. Each metal atom or ion emits certain characteristic
wavelengths of 1light, which identify whether or not the metal is present in a
sample. The concentrations of the metals present are found by aspirating

at certain wavelengths is measured at each concentration level. By comparing
the intensities of light generated by the sample at certain wavelengths with
the intensities generated by the standards, the concentration of the metals in

The IL ICAP 200 is a sequential reader: it proceeds from the lowest
wavelengths to the highest, measuring each programmed wavelength individually.
For these analyses, the ICAP was programmed to measure or read each emission
line four (4) times, and then continue to the next wavelegth. The four
readings were averaged to find the sample’s concentration for that metal. For
some metals, such as lead and calcium, two emission lines were measured,
rather than one. This was used to either double check the analysis or to
increase the calibration concentration range. For example, the 393.37 nanometer
calcium emission line has a calibration range of 0 to 1.0 ppm, while the
317.93 nanometer emission line has a range up to 50.0 ppm. By measuring both
lines, an increased sensitivity is achieved by the 393.37 nm line, while the
317.93 nm line provides a reasonable calibration range. A1l metal lines were
programmed to automatically correct the intensity measurement for background
emissions. The vacuum monochrometer was used for all wavelengths below 210
nm. In that range, air becomes a significant interference absorbing much of

the wavelength emissions. The vacuum monochrometer eliminates that
interference.

At the beginning of each analysis day, the program was recalibrated by
measuring the high and low standards. The ICAP automatically readjusts the
calibration curves in accordance with the recalibration. A 10 ppm standard
was then analyzed to ensure a correct calibration. Any metals calibration
having an analysis not within + 3% of 10 ppm was recalibrated and rechecked
until the analysis was within the range of 9.70 ppm to 10.30 ppm. After
recalibration, deionized water was analyzed as a background check. Samples
were than analyzed. After every high metals concentration sample, deionized
water was reanalyzed to ensure that there was no carry-over. The calibration
curves were checked every hour by analyzing the 10 ppm standard solution. The
response of the torch can change up to 10% hourly due to thermal drift. If

necessary, the metals lines were recalibrated and checked before continuing
with sample analyses.
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After finding the average metals’ concentrations in a sample, the known
volume of 50 ml was used to find the total micrograms of each metal present.
The total micrograms were divided by the original amount of sample weighed
into the Parr bombs to give the weight percent of each metal present. Minimum
detection limits for the 24 metals analyzed are shown in Table 39.
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TABLE 39. MINIMUM DETECTION LIMITS OF THE ICAP

Metal Detection Limit? (ppm)
Al 0.08
Sb 0.07
As 0.08
Ba 0.004
Cd 0.010
Ca 0.007
Cr 0.04
Co 0.01
Cu 0.005
Au 0.04
Fe 0.005
Pb 0.08
Mg 0.003
Mn 0.004
Ni 0.002
P 0.03
Se 0.08
Ag 0.004
Na 0.05
) 0.08
Sn 0.05
Ti 0.009
v 0.010
Zn 0.003"

Minimum liquid phase concentration (ug/ml) detectable by the ICAP.
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SECTION 6
QUALITY ASSURANCE/QUALITY CONTROL
This section summarizes results of quality assurance and quality control
(QA/QC) activities conducted during the baghouse test program. A discussion

of problems encountered during the program is included.

FIELD SAMPLING

Field sampling QA/QC activities included equipment calibration, SASS
train operational procedure checks and preparation of a SASS train field
blank. These activities are briefly summarized below.

Equipment Preparation and Calibration

The SASS sampling trains were inspected and prepared for field use as
specified in Section 4. Pretest calibrations or inspections were conducted on

pitot tubes, sampling nozzles, temperature sensors, analytical balances, and
dry gas meters.

Calibration of the continuous monitoring equipment included a three point
(two upscale plus zero) linearity check on on the first test day, single point
and zero calibration checks at the beginning of each test day, and single
point drift checks at the end of each test day.

SASS Train Operation

The SASS trains were operated to achieve target isokinetics of 100+ 20%.
The data in Appendix B show that the overall average isokinetics were 121.5
percent at the baghouse inlet location; 104.0 percent at the scrubber outlet
location; and 91.8 percent at the baghouse outlet location. One test run in
the scrubber test series (Run 01) was repeated because unacceptable
isokinetics were obtained at the scrubber outlet location. One test run in
the baghouse test series (Run 05) was repeated due to a power supply
interruption during sampling. The samples from these test runs were not
analyzed for metals content. The sample train leak check criteria of 0.05 cfm
was met for all sample runs except for Run 06 at the baghouse outlet location

(0.07 cfm leak rate). The sample train volume for that run was corrected
accordingly.

SASS Train Field Blank

A SASS train field blank was prepared using glassware that had been used
for a previous test run, a filter from the same lot as the test run filters,
and nitric acid impinger solution from the same batch as the test runs. The
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blank train clean-up procedures were identical to those of the test run sample
trains. The field blank samples were submitted to the laboratory for metals
analysis. The results of the field blank train analysis are discussed in

the following section.

Sample Shipment

The sludge feed sample for Run 02 was broken during sample shipment.
Therefore, trace metals data are not available for this sample.

LABORATORY ANALYSIS

Laboratory QA/QC activities for the baghouse test program included ICAP
calibration procedures. ICAP analysis of NBS Coal Fly Ash Standard 16334,
duplicate ICAP analyses of several samples from the test program, and ICAP

analysis of the SASS train field blank samples. These activities are briefly
discussed below.

ICAP Calibration Procedures

The initial programming procedures and the daily calibration procedures
for the ICAP instrument are discussed in Section 5.2 The daily calibrations

required + 3 percent accuracy for each metal at a solution concentration of
10 ppm per metal.

ICAP Analysis of NBS Coal Fly Ash

As an adjunct to the analyses performed for the test program samples of
NBS Coal Fly Ash 1633A were "ashed" at 3 different temperature conditions,
acid digested in a Parr bomb, and analyzed by ICAP. The purpose of the
investigation was to check the temperature effect of the ashing step on the
metals analysis, and to compare the ICAP results to the NBS-certified metals
content of the sample. Thg three different ashing cogditions were: (i) no
ashing; (ii) ashing at 110 C; and (iii) ashing at 600°C.

The results of this investigation are contained in Appendix D. The
metals content data Bhow some variability between samples ashed at 600°C and
samples ashed at 110°C. Nickel, selenium, and manganese were not detected by
the ICAP although the NBS data indicated that these species were present in

the sample. This may be indicative of matrix interference problems for the
coal fly ash sample.

Duplicate Analyses

Duplicate ICAP analyses were performed on the eight samples listed in
Table 40. These include all sample types that required ashing and/or Parr
bombing digestion except for the sample train filters. Duplicate filter

analyses could not be run because the entire sample is used in the analytical
procedure.

Two types of duplicates were run for sample types that required both
ashing and Parr bomb digestion in the analytical scheme (i.e., sludge feed,
bottom ash, baghouse dust). For samples listed as "ash duplicates,™ two
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TABLE 40. SAMPLES FOR WHICH DUPLICATE ANALYSES WERE PERFORMED

Sample Identification Duplicate Type

1. 10 micron cyclone/probe rinse Bomb
catch, Run 08 (baghouse inlet)

2. 3 micron cyclone, catch Run 06 Bomb
(baghouse inlet)

3. Sludge Feed, Run 06 Ash

4. Sludge Feed, Run 08 Bomb

5. Bottom Ash, Run 04 Ash

6. Bottom Ash, Run 03 Bomb

7. Baghouse Dust, Run 07 Ash

8. Baghouse Dust, Run 06 Bomb
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identical portions of the raw sample were subjected to the entire analytical
work-up outlined in Section 3.0 (i.e., ashing, Parr bomb digestion and ICAP
analysis). For samples listed as "bomb duplicates," two identical portions of
the ashed sample were subjected to the analytical work-up following the ashing
step (i.e. Parr bomb digestion and ICAP analysis).

In general, the data showed + 10 percent reproducibility between
duplicates for each metal. The "bomb" duplicates and the "ash" duplicates
showed comparable reproducibility. Average metals content data are presented
in this report for the eight samples for which duplicate analyses were
performed.

Field Blank Analyses

ICAP analysis of the filter portion of the field blank SASS train is
contained in Appendix E.

The data show that the common metals aluminum, calcium, iron, magnesium,
and sodium were the most prevalent species in the filter blank. The filter
metals analyses for the test runs were blank-corrected by subtracting the
filter blank values from the as-measured values. Because of the relative
amounts of particulate matter collected, the filter blank correction had a
more significant impact on the data from the scrubber outlet and the baghouse
outlet than it did on the data from the inlet location, Appendix F contains
sample analysis sheets that show as-measured and blank-corrected filter data
for Run 02 (inlet and locations). At the inlet Tocation, the filter blank
correction significantly affected the reported value for five metals: calcium,
cobalt, gold, magnesium, and titanium. At the outlet Tocation, the filter
blank correction significantly affected the reported value for nine metals:
calcium, chromium, cobalt, gold, iron, magnesium, manganese, nickel, and
sodium. It is advised that filters with Tower metals content be obtained for
any future studies of this type.

The impinger blank was found to be relatively metal-free, with the most
prevalent species being arsenic and phosphorus. With the exception of
arsenic, field blank correction of the impinger analyses resulted in very
little impact on the reported data for the various metals.
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APPENDIX A
RAW METALS DATA

Appendix A contains four tables per test run: a table of raw analytical
data for the SASS train catches (ug/g); a table of corresponding gas phase
metals concentration (g/dscm, as measured % 0 ); a table of fractional metals

distribution data; and a table of sludge, botgom ash, and baghouse dust
analytical data.
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TRELE 3. 1B fa) TRACE METALS CONTENT oOF PARTIZULATE ATTER 3Y PARTICLLATE SIIE FRACTIIN (5SS SIZE FRACTION 543[3)
SUN:
T '-""""'"""""§£éiébéé'5§[é?'""""°"""""""""""""""'éBEQFGEE'SG?TEI """""""""""
i SASS SIIE FRACTIONS a : 5485 SI1IE FRACTIONS a
i 3 3 3 3 TiTALT ! 2 3 4 3 TaTAL
T T e wi wn Tign T

7.G5E0] s
ATESLT SUTIESDT UL 6E+04 3, 48E+0A 4, 205-00
14
)

PLTZESNT TL1aBe0T TUO9E40T 2,TIE404 . 05E00 SOUTESDT 12080E404 0, 006450 9, D0B+G) 2 JAGE408 1, 7.
<o DEeD2 TU4SEDD £L30F+02 S.855407 . GUE+OQ ZAZE402 10, 00E+490 0. 00E+40 9, 00E+00 1. JeE+03 Q.OUE?A“ s
ToAERID FL03E402 1L 1TEDT S.81E402 0, 00E+30 7 2BECI2 D1 81ES0T 2. 00E400 (. 90E+00 8. L4E+T 0,008+ 3,
-33E+01 BLSBE+(! 4.SUE+02 9,90€<00 1.16E¢) 2.

1

[
e,

(69E4DT 0.00E<50 0, J0E#D0 4, Z4E)T 9. GO~
ABECOT 0, 90E400 5. 00E400 1LSBEw4 1, 13-

foa0Ev04 GO50E+04 5. TIECD4 3, {0E404 [, BE-01 LABECGS 0, O0E+00 0. 00E400 0,00E+50 I, 778-41
CoIBED2 4.8TEGZ §.SBED2 3,20B407 7.98E+0) 2.SaE+4 006400 0, 00E+00 0. 00E+A0 &, 74E-01
TOIIERD] 441E-01 3.B5E401 5, 89E401 -3, BE+03 0.C0E«00 0. 00E+00 0, JOE+00 7, 3SE-1
319803 5.39E-03 7,47E403 1L 19E<04 0, J0E 01 S.39E-03 13.2E403 0.00E400 . 00E€00 4.89E+03 LOU0E+D) 3.95E493
3.51E400 §.64E+00 {L5TE401 1,99E40¢ 0. 00E400 9,87E-00 '0.D0E4D0 0, [OE+00 0006400 0,00E#40 9, D0E+00 0, 90F«0) !
JOESDE 5 B0 5386404 (226454 {, T9E+0( (1 29E00T 0. 00E+00 0, 00E430 &, ME404 2. 536490
PLOIES0T TUSBEX03 TLAZE+0T TLJ0E04 0. GQES00 4.TRESOS 1T.TBESOT L0064 0. 00E400 2,24E+04 U O0E4QQ 9,328407
J.UTE4)8 TUSRECT 9.9760F 4, 456403 4,308-02 (2.83E4DR DLQ0E+30 1,00E400 7,945 +04 2.60€-02
‘T 25E4GT T, UBE402 4.55E402 1L44E+CT 3. S0E-0] '0.C0ER00 0L O0E+00 0. G0E400 2.83E+02 8.70E-02 .
LoSAEROT TOA4ERDD 4 F4E40 1. 1TESGT 200600 P4, Z3E+03 0.00E+00 0,00E400 1.37E+03 S19E-0 :
C:PHUFJ.: S.B9E-04 TUIBESM T ASES0M [, 89E404 [, 41E+00 (3 A9E+04 0. 00E#00 0,00E+00 1. 55E+05 3. TIE+00 ,
:EL:N’UH i HES00 0.99E%00 0.90E400 0, 00E+00 4, 14E-91 P8, JLE+OT 0. J0E+00 0. 00E+00 4, 28E+93 . 90E 40y S.88ER)3
(ZILVER PLUL4E+0] 4,8SE0L 2,32E402 3.87E407 1. G0E+0D 8. 24E401 {1, 11E+0T 0.Q0E400 0. 00E«00 2. 48E+07 0. 00EeQ) 3 428407
I0LIuM S 92EeT 4.78E49T 3. 3ZE403 5.25E+03 0. 00E400 3.86E403 17.77€403 0.00E+00 9.00E+00 3. 98E+04 2. U0E+00 1. TEE-04
SALFUR LLEZE-08 2T0E404 T.94E404 6, 4TE404 7, 97E402 15, 90E+04 0.00E+00 3.00E+00 7.28E-04 1. 14E403
TN PT40E002 9. 136402 1L30E+D3 1. 3SE04 1, 7TE-01 (0. COE+00 0.00E#00 4. 0SE#00 4,94E¢03 ¢, J5E-01
TITANIGN 05 S8E0T 7,918403 7.33Ee03 ¢, 64E+0T 0. 20E+00 6.62E+03 16, 31E+OT 0, 00400 0. Q0E+00 1. ITE+04 0, 00E+50 3,01E+03
cNADIUN 15312402 S 486403 1728403 4 TAE4(] 3 40E-02 ‘2.00E403 0.00E+00 0, 20400 1.35E+03 4.9 3 1L30E-3T
: 2 L.

PSL A - 30E+DT 2, 426407 1L 06E+04 1,52E404 I.30E-92 12, 98E+04 2,00E+00 9, 00E+00 S.TBE*U~ 3.7

SAS3 SIZE FRACTIGNS

= FROBE RINSE + 10 NICRON CYCLONE CATCH (SOLID SANPLE)

TERCTION 2 = 7 MICSON CYCLONE CATCH (SOLID SAMPLE}

FEACTION I = ! WICRON CYCLONE CATCH (SOLID SAMPLE}

SRLCTIIN 4 = FILTER LATCH (SOLID SAMPLE)

SE2ITION 5 = [MPINGER CATCH + NITRIC IMPINGER RINSE {LIQUID SAMPLE)
FITAL = SuM OF FRACTIONS (-5 (see note a)

a7otals for each metal concentration in micrograms per gram could be determined
only for the dry sample, as follows:

Tota]i {ug/gm) = tota]1 (gm/dscm) x 1E+06 ug/gm / total mass (gm dscm)
For Al,

Tuta'li_1 =1.02 x 1073 am_ x lQ uq X—Ld.i.ﬁm.l_
dscm 3.31 x 10

gm gam
Data in gm/dscm is from Table 6.28B.
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TAELE 5.12 12l TPACE METALS AND TOTAL PARTICULATE <INCENTRATIONS IN FLUE 345

BY ARTICULATE SIZE cracT:on

RNy 3
T ‘"'_""""""""éiéiéﬁéé'iiié?”””””"”""'7 """""" SAGHOUSE DLTLET
SRES SITE FRACTIONS . 3AS3 SIIE FRACTIONS
' 2 7 3 ST ! : 3 s S roTaL
T IR R T R R T {EA5 CONC. OF SETAL 1 IN 311E FRATTION i tamidaca)
SN D008 - ste0a 507402 8.63E-04 0006400 1LO2E-3T 12, 45E-05 0. 00E+90 3. 30E+00 LLOE-03 000640 1. 30613
W : HHEUS L7TE-08 1L45E-05 0.00E000 3.00E-05 [0.006400 3.00E+09 . 00Er00 B01E-07 9, 0400 8,012y
FEEETD P USE-03 L2205 1L HAE-05 0.00E900 2.S1E-04 11, 3IE-08 0. 00E-0 1. 00E+() 3.598-46
BAR 1 281800 9, 366-07 1LS1E-05 0.00B+00 T.35E~05 1. 90E-06 0. 0Ewdg 0266400 1. 36E-16
2 25E08 L JSE-04 3. 64E-04 433635 1.31E-03 17, 04E-05 2.00E00 5. J0E00 5. 196 ;.
5 ZE0T 720604 709604 84160 1L4TE-07 11, 12E-08 . COBw00 0. 506400 0. G0feis .
- AE0S 4 4E-03 7L LIE-D6 1LOAE-0S SL10E-04 4,404 12 41E-05 0.006400 0. S0Ee0 3. 00E+09 3.,
TE ATGE0 S 2E-07 14sE-Db 9,59E-06 2.39E-G5 16, 10E-06 9006400 0. 20E00 0, 09E-00 §
32604 3. = T4E-04 0, JUER00 1. 79E-0T 13, 326-06 0,000 0.3GE 00 2. {E-06 1. GoEed) 5.42-05
s i g, 7 4.9TE-07 . I0E400 T.27-06 10, 006430 0, 006400 0. 00E+00 3. 0 -4 S UED0 0,00+
i L 307604 1ITE-07 2.09E-02 [1.2IE-08 0,000 0.00E400 2. 4E-05 L S5E-04 5. 146054 |
e, T 5.02E-03 3. 198-04 0.30E600 1.57E-03 (3. 19E-08 0.00E+00 3, D0ES0D 9. 6-E-14 00600 1. 28E-i5
COEIY b oa S L OTE-04 1 S0E-04 TT4E-08 7,106-07 12, 49E-35 0. 0000 . 30800 3 AZE-05 1. 84E-0 $.08E-05
CINZINESE 4, TE- ,LW%mmmzmﬁnmmmwwwmmwwwmxgwﬁ@mm@?
NI e 5024608 29UE-05 |LSTE-04 2 GE-04 13, 99E-06 0.00E40) 4. GOE+00 £ 20E-07 136805 1L94E-i€
5ENORGLS 7 14E-07 8 §.47E-04 1L 10E-04 2.00E-02 1330605 0. 60Ew00 3, 00+00 7.99-38 2. 13604 3. 425k
3 2, - 008405 3, 26-05 T 20-G5 15, FAE-08 006400 000600 1.345-35 . J0E400 7. 30F s
'z, 5.22-64 P90 J.00EHI0 2.08E-05 [1.05E-D 0,50Ee30 3. 0AES00 107607 0.00E430
s, 8.7:8-04 129604 0.50E400 1. 29E-03 (7.TAE-06 3908400 0, J0E+09 1. 710-08 3,906 2,48
I 2.496-33 1.S9E-07 §.UTE-02 6.88E-02 14.526-05 0. 08400 9. 00£~09 3. 176-c 7. 20802
s, 3. 14E-35 337804 1LSTESUS 5.20E-00 D3.00E000 £.50E00 . GOE4GR o 126w 255445 2.7
e 305 TLETED 790605 4, 0E-05 0.00E00 2. 19E-03 15, 9E-0b 9. 30400 3. 30Ee00 5.056-0¢ 9.00E+20 |
14E-34 5. 45E-34 L1784 2.85E-06 79904 {1.39E-08 .00E00 0. 09E=00 5. 73¢-07 2.098000
‘1L 14E-07 8, 356-04 T 7SE-0 T.04E-06 24TE-03 12,B2E-05 0.008+00 0,00E+00 2. 43E-08 S, 46505
Tot.MassP 2 1121 S HEID TA9E-03 5,903 8. T76-07 L4601 4.B5E-34 0.J0ES00 5. 00Ee79 1. <SEoge - RS WL
jasdsne
Metals® it 09560 1. agE-a TABE0Z - LIIE-OL 9.ME-0H 0.00E400 000E00 4.30E-4 - 1 ovos

Imozszay

-5 AT FiE waTE 2.77E«00 FLUE SAS
Y
25038 {dscae!

3Total of metals as determined by ICAP analysis (Table 6.18),
fraction j, and gas sampled volume:

i=n
Total Metals J = ¥ metal
i=]

i (ug/gm) x total mass J (gm/dscm) x

For Al,

Total Metals , = 1.02 x 103 yg x 1.9 x 101
J=1 gm

bTotal mass of each fraction and of total as determined by
sampled volumes.

-gm_ x 1E-06
dscm ug
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TRBLE 4,38 (a) DISTRIBUTION OF TRACE METALS AND TOTAL PARTICULATE BY PARTICULATE SIIE FRACTION (5855 3IZE 243

(n

AUNT b

: ' BAGHOUSE INLET ; BAGHOUSE OUTLET
: : 3485 SIZE FRACTIONS ' SASS SIZE FRACTIONS

: : 2 3 4 5 TOTAL ! 1 2 3 4 S TOTAL
METAL ! FRACTION OF METAL 1 IN SIIE FRACTION 3 d FRACTION OF METAL i IN SIIE FRACTION ;
ALJMINUM 1.95E-01 LL14E-O1 3.28E-02 &.5TE-D1 0.00E400 1.OUE<0D {2.32€-02 0.COE400 0.00E+00 9.77E-2L 0.00E+00 1.0CE+00
CANTINONY  C4.9TE-01 DL0SE-O1 2018E-02 1.8LE-91 0.00E-00 1,00E+00 0. CO‘+00 0. 00E+00 0,90E+00 1.206+00 0.20E420 1.30E+C0 |
4RSENIC SOTIE-D1 TOASE-L 4L89E-02 5,528-02 0,00E¢00 1.00E+400 12.7SE-31 0.00E+00 0.30E+00 7.25E-01 0.0CE+00 1. O0E400

3.95E-01 10772401 2075602 4L09E-01 D.00E+00 1.90E400 [4.51E- 31 0.00E+00 0,00E+00 5.29€-01 0.00E+90 1.90E~2( |

L S1E-0) 2090E-01 6.91E-07 4. T6E-01 Z.88E-03 1.GOE+00 12.41E-01 0.00E+00 0.COE~00 S.28E-91 3.I2€-01 1.00E+30 !

3esTE-D1 TLMME-DL 4.47E-02 4.7SE-52 S.19E-04 (L00E+00 19,25E-01 3.00E400 0.00E+00 0.00E+00 1.7SE-G1 1,008-00
SeRONIUN TIOASE-S1 1U10E-0D 1.826-02 2.T7E-02 T.04E-01 {LG0E+00 14.45E-01 0.00E+00 0.00E+d0 0.00E+00 S.S4E-O1 1, 2400
DIBALT 23, 20E-00 1.838-01 2.19E-02 6.10E-02 4.13E-41 1.00E+00 !3,26E-01 9.00E+00 C.00E+00 0.00E<00 &.73E-01 1.°
(JGPRER P S1E-O1 3LI8E-01 4,628-02 LSSE-01 0.90E+00 1.00E+00 '4.tIE-01 0.00E400 0.COE+00 3.37E-01 0.GOE+d !, I
13LD S.TEE-20 T.83E-01 S.17E-02 1LSLE-01 2.00E400 1.00E+00 ¢ XD ND L1 ND ND !
CIEIN PS.E7E-0 3296401 5.97E-02 1.4%E-02 6.37E-52 1.00E+00 13.88E-01 0.C0E+00 0.00E+00 B,28E-02 S, 29E-01 1,00E+00
LIAD PI00LE-DD 2,78E-01 S.ILE-02 S.22E-00 CL00E400 1.00E+00 :12,49E-01 0.00E+00 0.00E+0Q 7.S1E-01 0,00E+00 {,20E+00
MANESIUM  :D.39E-01 3.83E-01 1.50E-02 2.25E-02 §.28E-04 1.00E+00 |4.09E-01 0.00E+00 0.00E+00 5.54E-01 2.70E-02 1.00E+0¢ !
'MANGANESE  14.STE-0! 2.34E-01 3,S2E-92 2.92E-02 {.95E-01 1.00E+00 [0.00E+00 0.00E+00 0.00E+00 2.17€-02 9.78E-01 1, 00E00 !
NITVEL 11 24E-01 1L33E-04 2.07E-02 1LISE-01 5.10E-01 1.00E+00 12.17E-01 0,00E+00 0.00E+00 3I.2(E-02 7.5LE-0t 1.00E+30
(PHDSPHEROUS I S.76E-01 Z.I7E-01 4,03E-02 2,10E-92 S.48E-03 1.00E+00 9.55€-02 0.00E+00 0.00E+00 2.9BE-01 4.94E-01 1.G0E00 |
EELENIUM 0 ND ND ND ND ND ND  17.54E-01 0.00E+00 0.00E+00 2.36E-01 0.90E+00 1.(0E+0Q
'SILVER (1 OBE-O1 I.30E-01 1.21E-01 4.40E-01 0.00E400 1.00E+00 19.08E-01 0.00E+00 0.00E+00 9.21E-02 0.00E+00 1.00E+00
15031 ‘A.47E-01 3.7IE-01 7.87E-02 1.02E-0F 0.00E+00 1.00E+00 !3.0CE-01 0.00E400 0,00E+00 7.00E-01 0.COE+00 1.00E+00
(SULFUR 12 ATE-02 T.91E-02 5.18E-03 2.32E-02 9.97E-01 1,00E+00 19.04E-04 0.00E+00 0.00E+00 4.33E-04 3.99E-01 1.30E+0
TN 11.29E-91 1L SBE-01 3.T4E-02 6.49E-01 2,95E-02 1.00E+00 :0.00E+00 0.C0E+00 0.COE+D0 7.87E-02 9.23E-01 1.G0E+d)
TITANIUM 1S, 36E-0t 3.59E-01 I.41E-92 1.35E-92 0.00E+00 1.00E+00 iS.41E-01 0.00E+00 0.00E+00 4.59E-91 0,30E+90 !
CVANRDIUM  1.43E-01 5.84E-01 2.3IE-02 1.47E-01 I.I2E-03 1.00E+00 !7.55E-01 0.00E+00 0.00€+00 2,ISE-01 9.30E«(d 1.
“UIN (4,808-01 3.39E-01 4.54E-02 1.5CE-01 1.23E-03 1.00E+00 !7.79E-D! 0.00E+00 0.00E+00 6.38E-92 !.525-9! !

FZACTION ; = WASS DF ELEMENT 1 [N 5ASS SIIE FRACTION j
ENT 1 [N ALL 5ASS 3IIE FRACTIONS

N 3
.""L 'ACC JFE

5ASS SIIE FRACTIONS

SRACTICN ! = PRCEE RINSE + 10 MICRON CYCLONE CATCH (SELID SAMPLE)

FREZTION = 7 mTRON CYCLONE CATCH (SOLID SAMPLE)

FRRITION T = | MICRCN CYCLONE CATCH (SOLID SAMPLE)

TSA0TICN 4 = FILTER CATCM (SDLID SAMPLE)

TEACTION T = IMPINGER CATCHM ¢ NITRIC IMPINGER RINSE (LIQUID SAMPLE)
TITAL = UM OF FRACTIONS (-3
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TABLE 3.5 TRACE METALS CONTENT OF SLUDSE, BOTTON ASH AND
BAGHOUSE 30TTON DusT
WK &

T ! FERZ T T gAgROLEE
; ! SLUDGE 254 T
IMETAL e opy Thew T
PALUMINUN  15.79E402 1. 74E+03 298403
TANTIMONY  11.98E452 221E402 1.59€492
LARSENIC  !S.I4E-02 5. TIE402 8. 20E402
'BARIUN  '3.38E+01 7. S8E+01 7. 95E 401
ICADMIUN  11.99F+02 5. 82E401 4.95E403
'CALCIUN  'S.53E+04 3. 59E+04 5. 46E+04
'CHROMIUN  [7.8%E402 4,50E+02 §.71E+02
'CIBALT  12.94E401 T HME40L 4.53E401
ICIPPER  14.08F+03 4.50E+03 4.336403
GOLD . i3.a0E+0) 7.92E+00 2428400
: IRON 'S, 25E+ 04 4.54E+04 b.40E+04
'LEAD 14, 026402 4. 64E402 4, 18E+03
‘MAGNESIUN !1.99E+04 1,0BE+04 8. 20403
'MANGANESE !2.37E+02 3. 018402 MLV
'NICKEL !, 18E42 1. $8E402 3.97E402
! PHOSPHORDUS ! 5. 57E+04 4.75E+04 8. 09E+04
(SELENIUN  11.738+01 0. 00E+00 1.36E401
'SILVER  12.57E+00 2. 0BE+01 4.25E+00
'SODIUN  !3.01E+03 4,320403 5.96E+03
ISULFUR  !12.32E«08 4.78E+03 2. 50E<04
TTIN 1287402 2396402 1. 47E+03
ITITANIUN  !5.B7E+93 5.7SE403 $. {5€+03
VANADIUM . 3.85E+02 4248402 9, 10E+02
'IINC 15, 786403 5. 4SE403 7.9943
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SLE TUUB Cab TRACE METALS ZONTENT OF PARTICULATE “ATTER BY PARTICULATE :7

IZE FRACTIONS

FOHESDD 2598408 TL38E402 9 LTE+GS
JIREND L 4E402 5 16E40D .94t
$.13E+07 9,438407 5, 15E02 (TR
7.I8Ee0] DUS1E407 20108407 G, 00E00 2.7 6. T4E¢
2. 09E407 LL2IEed 23MER00 T A0E-0T il {
0. tIE#04 T 4TE404 5736404 |, T9F-0) (1 03ES0S
8§, 125+00 5,52E402 2.39E+02 1.78E+01 2.93E404
1 4,54E+01 5.72E+01 T.25Ee] I,50E-41 10, JOE«9
T 9 TIEHET 3LZEENT 136403 4.50E-02 1,53E+03
..... 0 LU3EedD 1LISE40! (LTIES0L 0L00E+00 3.91E-A0 |0, JGE+00
3.7HEe 3956404 3, 35E03 7. 35E40] 1. 36E+08
DI AGERDT B.83E403 ZLBLES0 AUDDE400 4.255403 (9. 00E400
NESTLM J.CAESDE 2, TSE04 0.00E<D0 5, 00E-92 T2.S8E04
TANIANESE (D) 4.535007 DUTEE402 9U8TESOL 1L TTESDD 4,818.00
M 4.70E+00 TU49E402 1. 53E407 3,04800 [1.I3E404 0
T.I9Ee4 7TRE04 {05404 T, 0500 12, 82E404

Eeil J030E«0) TLS4ECOL 2, STE00 18, 726003
JATESQL 122E40Y TLITESD] 1 OCEH0D 2.5BE4d) 13, 3GE-02

0o D.30E400 9, Q08e0) 4, 11E4p]

4
JEFEC0T F.8UH0T LL2TCHO4 3, 008400 4518407 1T, 48E4D3
JOE0EeCE 8 00E-04 5 ISE404 9. IBE+(2 A L1
8.FTE40D 1LSBESOT 1L 1TE404 0. 0IE4D0 1.IBE403 (0. 90E+00 )
8. FUEL)T 3,32E-0T LLE25403 0.00E+00 7.48E+03 1. 54E+03

< JUSIES02 1LTSEedT 2,I7EH0T L 258401 13.37E03

LUPES04 1 TTESC | 1TECA 4, 40E-02 17 ITE04

:“’)Ufom) { 1,17 EQ.‘ JO0E=0) 4, ShE«GE
0 3.28E+52 Q.L?E‘“O 2o823%03
f.loeedd OE+‘” LFTEeS
1 JEE+04 HIUEAERT
JE+G) {L20E+04 ¢ {.758

3.00E+30 9, HE-30 0, 0E00 2.4 £-
3. J0E400 9. J0E0) 0, 00E+00
§.90E400 8. 00E#00 0. 10E+00
J3.00E400 0.90E<00 2.02Ee37 §

Q. 0CE+00 £, JUE+00 9, 00E+0D

JOUDE#S0 O, 0E#00 §,29Ew54 ]

D, C0E00 DL Q0Ee00 2. L0804
3 GE#20 0, 50E+5) 3, 38E+0d 3

JLA0E4D0 2, 00F+00 2, 478407
§.0CE*0D J.00E+00 7 GCESOD 1,91Ee0¢ !
0.00Eed0 3, 00E+30 0,90E+0% 3, 4a3E+00
Q.00E+3) D,00E+00 2,22E402 3, 0UE400 4, 35802
0. 9CE+0) 1 O0E+D) §.00E+00 0. J0E) &, 3(E+aT
D.C0E+00 2, J0E+00 4. LoE+(4 8,57E402
9.00E+00 0, J0E+00 1.528403 4. 00E-01
0. J0E+00 0. J0E+00 1,7BE+04 9, J0E+00
0. 00E+00 7, 30E+00 3.24E+32 0, WEed) I,
G008+ ), 00E+0) 4,028+07 7

“9CBE RINSE + 10 WICRON CYCLONE CATCH (SOLID SANPLE)

T MICSON CYCLONE CATCH (SOLID SAMPLE)

N QPN CYCLONE CATCH SOLID SAMPLE)

= FILTER CATCH (SOLID SAMPLE)

= .HP.&GER CATCH + NITRIC IMPINGER RINSE (LIQUID CAMPLE)
<TAL = IUMOOF FRACTIONS |-S

oo

o e N T
0

3See note a in Table 6.1B.
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TAILE TUIB {a TRACE METALS AND TOTAL SaRTICULATE CONCENTRATIONS (N FLUE 345 BY

4t L

CUSE INLET

H4E-05
. 4E-04

LAIE-08

I TR L N B
r
4

PRt |
—cRD

R S T R SR R
P

ez _an
SRS

3283 SIIE FRACTIINS

LJ3E-04 170808

8 44E-04 1, 20E-03
TLUOIE-04 2,17E-04
TO82E-03 133807
TLIIE-05 9.38E-06
S.59E-08 1L0ZE-D6

[ I R A

[* < I %0 )

!
3
{

. SJE-04 |
J2LE-08 2,
M

1

|

3

9

L48E-34
11E-07
LA0E-DZ

(S5E-04

3, 595-04
L3208
L 39E-03

LO0E+GY 0. 00E+00
17896 2.19E-407
JBE-)4 LL72E-04
LOBE-0T 7L aE-04
JOSE-04 2,33E-08
OSE-03 1.E0E-04
1.o0E-24 2

aNC.

i

s
[y}

SARTICULATE

ofte
Si.8

FRACTICN - 22

L
L38E-04
.n

4L 32E-05

J2E-04 9,

i

LILE-05
LJ9E-35
L15E-74
LITE-03

4QE-97
12E-74
17E-04
Q0E+09
LA5E-08
.38E-0
JIE-94
D4E-07
CISE-07

L 4E-04

Q. G0E -0
0. 00E+00
2. 00E+20
G 00E+30
4,92E-%%
3. L4E-06
¥, 70E-04
3.33E-04
G, E+0D
T.33E-02

'l
87 1.50E-93

3.57E-4
9. 87E-05
J.O1E-04
8.79E-05
2.026-93
1.E7E-02
1 18E-03
3, 80E-05
2.08E-03
3. 29E-06

2. 58E-92

0.0CE+00 1,57E-93

2.72E-06 5.82E-03

9.82E-0F 2. 44E-04

4.918-04 5, 77E-04

{,68E-04 1, 20€-02
41

L 40E-04
GoJ0E«00
3, Q0E+00
SJ10E-02

G, 40EQ0 5,903
. 00E+)
35 9.30E-15

J.4BE-98

3 19.59E-45

{1.576-05
17,5466 1

(K]
1da

18,58E-07 0

11.47E-04

99e-96 0.

LO0E$00 000809 [, ¢
LO0E400 9, 00E09
JOE+09 0. SOE+D0
LGOEH00 0. 00E+00
i2.50E-05 3.00E+00 1, 00E+00 3.01E-34 §
LDOE+30 0. J0E+00 0, 0IE+3D

a
2.T8E-06
3.21E-08

‘3. 95E-05 9, 008400 0,00E+00 9, 90€+09

0. 00E«00 9

LD0E#(0 0.20E+00 0, GCE+00

‘2. 14E-26 0.00E+00 0,006490 5.05E-07
10, 00E+00 0,00E+00 9, 00E+G0

L BAE-U4 0, 00E+00 2, 008400 2

0. 002400 0,00E+00 9. 00E+09
13, 46803 0.00E400 9. 00E+00
16.63E-07 0.00E+00 0.00£+00
1.86E~05 0. O0E+D0 0.00E+00

ey

1 15 18E-05 0,

GOE+00 0.00E+00

0, 09E+00

"n

—-mm

JZE-93
5. Z8E-06
7.71E-04
1. ¢3E-08
5. 17897
9. JDE+)0

19, 07E-06 9, 00E+00 0. 00E+00 9, 90E400
4, 9BE-07 O, 00E-00 0.00E400 2,06E-07

3 ML 01E-0F 0.00E+00 0, 00E+G0 2. 00E+50
12,04E-04 O, 20E+00 0,00E-00 |,
10.C0E+00 0. 20E+00 9. 00E+00 3.
12,002E-06 9.00E+0 0. 00E+00 4,
T4 Z4E-06 0L00E+D0 0. 00E+00 9,
0. 0CE+00 0. 50E+00

AE-0S
30E-07

Tot.MassaL'ﬁwm

SIS T

Meta'lsa

- 1
.3%:35Ca)

2.18E-01

aSee notes a

.

T8E-02 7.19€-)7
18E-01 !.79E-02

336490

ceuwd

-
&

LO7E-03

. 35E-02

3.87E-92

and b in Table 6.2B.

{.33E-01

3. 69E-01

-125-

3.53E-04

1CISE-0

de

G0E400 0.0E+00

FLUE BAS FLOW RATE

{dscaa)

2,505-04

J.60E+00

h)

Al
Ve

i}

0,00

L

0

-
é

0
1
5

i
da s

'
4,
3

-
“~
g
1
i
!

Y
LG

LIESD0
P COE-0s
E-da
L ME-GS
LSAE-D4

2.93E-04

0+

TN e oD GO Gl v g e P bm -
-1

~d 4 PO rD X)) e

CIECDE LE

LPE-2

-

23E-3

43E-08 0.0
SIE-08 4.
R H LI

0. 00E+00 £, 30E+00 L,

........



TRELE 7,18 {a) DISTRIBUTION OF TRACE METALS AND TOTAL PARTICULATE BY PARTICULATE SIIZ FRACTION :SASS S1IE 34515)
RUN: 7
: ' BAGHOUSE INLET 1 BAGHOUSE DUTLET
: H SASS SI1IE FRACTIONS { SASS SIZE FRACTIONS '
: L 2 M 4 ] TATAL : 2 3 4 3 TOTAL
MITAL : FRACTION OF METAL @ IN SIZE FRACTION ] h FRACTION OF METAL 1 IN SIZE CRACTION j
CALUMINUN 02,978-01 1L29E-01 3.83E-01 1 13E-02 4,00E+00 1.90E+30 1 1.30E-02 0,00E+00 0,00E+00 9.85E-01 0, 00E400 1, 3€+90
ANTIMONY  SV2TE-00 DLUSE-91 2.36E-07 ¢ LSTE-DL 0LGOE4D0 1. 00Ee) (9.45E-01 0.00E+90 0.30E+00 5.518-92 0.00E+00 1, G0E+00 !
VS 42E-0! ILSBE-01 S.53E-92 4.3I5E-02 0.G0E+20 1, 00E+00 4. 19E-41 0.00E400 0, 90E+00 S.B1E-01 0, 00F+ag L, 30E«50 !
VLL3LE-OL FLS1E-0Z 1L 1HE-CL 4.0%E-01 0.00E+00 LL00E+00 12,10E-01 0.00E+00 . 00E+00 T.99E-01 0.00E090 {, (0B« !
"Le8FE-3T ZL87E-01 1L0BE-01 I,55E-01 2.00E-03 1.06E+00 (3. 93E-01 0. 00E+00 0.00E+00 1.97E-3L §.00E+30 13500 |
S.IIE-01 4.97E-01 8.44E-07 8.752-02 S.50E-04 1.00E+00 '§.00E-01 2. I0E+00 0. 00E+00 0.90E+00 LOOGE-21 1L 00Eete
TCHROMIUM [1LGTE-0! 6. 18E-02 §.75E-03 7.I0E-03 S.20E-01 LLOGES00 4.72E-01 0.00E+00 0.90E+00 9. 00E+00 3.28E-01 1L 30Ee0
(CCEALT i2092E-00 1, S3E-1 2.34E-02 2.3GE-02 S.20E-01 {L00E+00 !0.00E+00 0. 006400 0.00E400 0.00E+30 1.33E-09 FON TN
LGFRER VU29E-01 I.84E-01 7. LTE-02 LOISE-01 1.728-03 LL00E+00 15, (9E-t 3. 00E+00 0,00B+00 1,31E-31 9.00E+00 FENE T
L33 4.33E-91 T.58E-01 4.43E-02 1.ZAE-01 9.30E+00 1.00E¢00 ! N ND ND \D \D
CIRON AL0ZE-0! I.79E-91 $.20E-02 8.278-03 LOAPE-01 1LO0E-30 14.57E-01 0.00E+00 0.00E400 S.1TE-92 S.426-01 1 nuCans
(EA -4, 33E-0t 2.97E-0Y 9,98E-07 4.57E-01 0.00E+00 1, 90E+00 !10.00E+00 0, 0CE+00 0.00E400 1,00E+09 &.0GE+00 .o
JMAENESTUM 14 GME-01 5, 14E-01 8.45E-07 0.CUE-0C 4.8TE-04 1.00E+00 7.728-01 3.00E+00 0.00E+00 1,72E-31 5.588-92 {.38 SR
(MANBANESE  iI.TsE-G1 2.218-01 3.92E-02 {.00E-02 3 FAE-D1 1LO0E+00 17.52E-02 9,90E+00 0.00E+00 LOI7E-03 9, 24E-01 {,00E-00 @
NIZREL P1.C4E-01 8.08E-07 1L57E-07 . S0E-02 T.34E-01 1.00E+3D [8.28E-01 0.00E+00 0.00E+00 2,08E-02 I.S2E-01 {.0GE+n¢
VFHOZPHORGUS: L I7E-01 7.I5E-01 1. 18- 2.75E-42 1.38E-02 1.0E+09 !2.SLE-01 0.00E400 0.00E+00 0.00E+0) 7.49€-91 1. CUE+00
VSELENIUN ! %D ND ND ND ND ND (3. 01E-02 0,00E+00 0,00E+00 0.00E+00 9.70E-01 {.00E+00
3ILVER ‘3. 4BE-91 5.43E-01 2.I0E-02 8.77E-02 9.90E+00 1.00E+00 ©7.G8E-01 0.00E+00 0.90E+00 2.92E-01 0.00E+00 1.00E+00
S, 4.27E-08 2TSE-01 1.03E-01 1.95E-01 0.00E+00 1.00E+00 |1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+30 1,90E+Go
LSULFUR +3.398-07 S.24E-02 1.23E-92 2.356-92 3.73E-01 1. 00E+00 12.94E-03 0.00E400 0.008¢00 2.27E-04 9,97E-01 1.00E+00
TN V1LAZE-0E 2,09E-01 5,4828- 0’ S.72E-01 0.00E+00 1,00E+90 9. S0E+00 0.00E¢Q0 0.00E+00 1.17E-07 9, 88E-01 {.00E+90
CTITANIUM S.STE-01 I.79E-01 5.43E-9 2 1.40E-02 0.00E400 1.00E+00 !3.71E- =01 0.00E+00 0.C0E+00 &.26E-01 0. Q0E+00 1. 00E+00
CUANRDILM  4.05E-91 3.11E-01 7.S0E-02 1.BBE-0i 2.11E-02 1,008400 19,79E-01 0.00E+00 0.0CE+00 2,07E-G2 0,00E+50 1,00+
(IINC 14.28E-01 J.92E-00 7.29E-02 9.41E-07 1.16E-03 1.00E+00 (9.50E-01 0.00E+00 0.00E+00 9.97E-93 2.94E-97 1, 3E+00
FIACTION OF ;;E"ENT N SIZE FRACTION j = mASS OF ELEMENT i IN 5ASS SIIE FRACTION j
SIVIDED BY TITAL MASS OF ELEMENT : IN nLL SASS SIIE FRACTIONS

FRRCTION |
FRACTION
FRACTICN
FEACTION
FRACTION

-
~
4
3
TaTAL

PRIBE FINSE + 10 NICRON CYCLONE CATCH (SOLID SAMPLE)

-
e
1
i
£1
v

Y
1%
-
k1Y

MICRON CYCLONE CATCH (SOLID SAMPLE)
MICRON CYCLONE CATCH (SOLID SAMPLE)
ILTER CATCH (SOLID SAMPLE)
MPINGER CATCH + NITRIC INPINSER RINSE (LIQUID SAMPLE)
UM OF FRACTIONS 1-5
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TABLE 7.5 TRACE METAL

EAGHOUSE BOTTSM DUST

NTENT CF SLUDGE, S0TTOM ASH AND

RUN 7

: i+ FEED EOTTOM SABHOUSE
: i SLUDGE ASH bust

TMETAL T pom PEN

CALUMINUR  12,39E403 7.78E+02 1. 4BE+03
RNTIMONY  12,24E+02 2 18E402 2.13E402
'ARSENIC  i5.80E+02 6.07E+(2 7.82E402
i BARTUN 18.30E+51 9.29E+01 S.82E+01
CADMIUM  12.38E+02 5.50E40! 4.10E+03
ICALCIUM 1,726+ J.OTE+04 S.92E+04
CHROMIUN (3 71E+(2 4, 16E+02 S.O3E+02
(COBALT 13, 95E+04 3.26E+81 4,35E+1
(LOPRER 14.37E+03 4, 2TE+03 S.10E+03
‘50LD 13.33E+00 2.32E400 2.68E+00
: (RON 13.33E+04 4, 26E+04 5.28E+04
LERD 177402 4, 34E+02 1. S4E+03
"MAENESIUM 13,32E403 1.05E+04 1 4SE+04
i MANGANESE 3. 17E+02 2.92E402 3 T7E+02
INICKEL 1. 36E+02 1.37E+02 3.3BE+02
' PHOSPHOROYS ! 6. 44E+04 5.27E+04 3.97E+04
'SELENIUN  10.00E+00 0.00E+00 6. 36E+01
‘SILVER V1L 39RO 1. 48E+01 1.50E+00
SCDIUM 12438403 S.81E+03 2.79E403
3ULFUR 2.52E404 8.03E+03 2.25E404
it 13.08E+02 2.37E402 8.45E+02
TITANIUM 14, 948403 5, 20E403 6.81E+03
JVANADIUM  14.83E402 J.83E+02 7.47E+02
J1INC 18, 58E+03 Z.33E+03 7.22E403
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.....

ra) TRACE METALS CONTENT GF FARTICI

ULATE MATTER BY PARTICULATE SIZE FRACTION (5A85 317

23

E FRACTICN BASIS!

-

BAGHOGSE INLET BAGHTISE DUTLET
3A55 SIIE FRACTIONS SASS SIJE FRACTICNS ‘
! b 3 4 5 oL : 3 4 5 Tored
1g/g 490 ug/ai ug/g ' ugig 49/g SLED) G/ g ug/al  ugin
1,S0E07 2.7SE+04 5, 50E+00 I, SaE+03 7 48402 0, 30E400 9, 008400 S, 03840y ECD) 1, T8RS
. LL2TESQ2 T.TREC02 O, G0E400 2, D4Een) 13.93E+02 ¢ 0 0,00E+00 { 49E«)T 1, 18E-0 2,278403
‘5. g, L J9E4DT SLH0E-02 DL00E«0) 3.38E402 T, D400 0, 2IE400 0, 0E-00 2.33E4M D 90EeG) T 20600
LZEACT FOBSESN] 7,S4E401 2, 1BE4D3 0, 0DE) 2.BLE+02 1T.94E4D] 0, 00E 00 D G0E+00 &, 838408 0, J0E#)0 2,063407
LoeTERGT 4 4SE40T 9536407 2,10E608 2, 19E-01 I3CTIESOT 0000E€00 9, 00E400 2,30E+03 0,008400 T, 138007 ¢
"3 43E4T4 TUTGESNE &, 108404 4, 32E+04 5. 55E-01 i 5.33E40T (L0CE4O0 0, GQE+0Q 0,008490 2,078-01
A, ESTT 3 456402 5.55E407 1436402 2,55E-51 (7.20E€02 1L00E400 0, 008400 D GES00 2,39E-01
4.15E40] 4 ITER01 4, TOE40! L 6aE¢0¢ 2.F4E+00 10, 0CE+00 0. 00E400 0,00E+00 9, G0F«9; 9, QUE+I) O, 0CEsND
4.CIE4T 4, 98E407 3,20€+03 7, 8184003 1L 73E-0 11.09E+07 3.00E+00 0. 00E+00 |, 15E+03 0. 90E+00 1, 42E402
PALOSEw & 120D LUITESOL LSCESRL 0, 00400 6. 02E+00 10, 00E400 0, 00E+00 0, 00E400 1,9(E+01 G, 00800 I 13ES0L
TOEIERIA T.S2E404 7 GAE+08 1, I2Ee04 3 TIE+) 13 A2E+0T 0.00E+00 9, 0OE+00 2. 54E405 |, 31Ew00 :
i TITHESDT S.51E403 LLTAE+04 9, G040 JL23E403 1L ISESN2 0008400 0, 098400 JOITE+04 000ER00 T, 898600
G SOTOEHOA 296404 1058408 1, 12601 12,35E+02 G.u”EvOU 0,00E+00 5,00E400 3, 90E-92
I C4 8B40 4336402 1.40E+02 {.51E-01 ‘2.3TEeDL 4,0 0.00E+00 5, 48E+02 &, 29E-97
L. 2375402 3.79E402 9, 436402 4, 47E-01 "1.00E400 3.0E+00 0. 30E+00 I.S7E.DT 1 S3E-0t
e, TLIIECDA TO3TE404 1UI2E404 5, T4E+0) TLBIESOT DLH0E#00 0, 206400 . 00F+00 4, SIE+00
" OB GL0Ee0 1. a2E+07 9, 00E+00 L4001 (9. 458402 0.00E+20 0, Q0F+09 0. 00E+00 2, 74E+00
:1. 2OI0E402 4.TAES0D 1, AAE01 0. 00E400 9.82E401 1 1.79E401 0, GOE+G0 0.00E+00 2,Z5E+32 0, Q0E-00 2,42C+)1
4‘24E'JJ . Ee03 3. 1ZE#D3 2LA2E404 7. I8E-01 VLUIBE03 G, 00E+00 0, 00E+00 0. 006400 0. 10E+00 1,52E+32
3 D.O0E+04 2.F6E4CH 4, 24E404 [L49E402 12, 228404 0, 00E+00 0. 00E+00 9. 14E+04 1.58E+03
TOTIE-D2 TU25E02 1LJAE-QT 2316403 2. 40E-01 0. 00E+00 0.95E+00 9,00E+00 9. 00800 3. 40E-02
T 31E e TIET TLSEE#DT 1LOTEHOT O 00E+00 7 C2TEw0T 1. 16E#02 0,00E+00 § JOOE+00 4,9BE~04 0, 00E+00 1, £55e0]
LATE. ..,.éu‘ 3.39E+02 1.91F+(3 9.00E<0 7. SAE€RD 13.04E+02 3. 00E+00 0, JOE+00 2.93E402 0. INE4DY 304842
L 8.27E+03 1. 40E-01 13.0TE403 3, 00E+00 0,00E+00 1, 22E+04 7. IHE=2

PRCBE RINSE + 10 MICRON CYCLONE CATCH (SOLID SAMPLE)
> MICRON CYCLONE CATCH (SOLID SAMPLE)
i MICRON CYCLONE CATCH (SOLID SAMPLE)

FILTER CATCH {SOLID SAMPLE)

INPINGER CATCH + NITRIC IMPINGER RINSE (LIBUID SAMPLE!

SLM OF FRACTIONS. {-5

4see note a in Table 6.18.
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TRACE METALS AND TOTAL PARTICULATE CONCENTRATIONS !N FLUE

LALE-04 TL00E-05 91504 9, 2000 1.O8E-03 12.29E-08 0.00E+02 9,00E+50 7,378-14 0,J0E+3D 7. 40E-j4
g 8.95E-00 2.54E-06 1.: T GOE+00 T 92E-05 1ML TBE-06 0. 00E+GD §. GOE0Y I1EE-07 §.82E-08 1,280
L 94 1LOME-04 2198405 1, SGIEQ0 TLT2E-04 10.00Ew0) 0,30E+00 G, J0E+0 3.38E-08 4, 09E+00 T,738-0¢
12 ITE-U5 140E-D5 1,59E-08 7,26E-05 0.GOE+00 1.08E-04 11,79E-07 9, 09E400 . QOE+00 F.81E-05 . LUEeDD 8,708y
"3.3FE-04 493604 1,326-04 §,55E-04 {.S6E-05 1.72E-03 11.50E-05 0.00E+00 0. J0E400 3.33E-07 . J0E+00 1, S48-35
1 42E-02 8.09E-5T 1.22E-07 1, 44E-03 4. 14E~05 2.50E-02 12, 44E-05 0.90E+iC V. 0UE+DD 0. Q0E+00 |, ESE-05 4, 198405
“FAZSE-O5 4,%4E-05 1,1iE-95 1. 14E-05 TOUE-08 2.785-04 13.27E-04 0.006+00 9. 00E+30 0, 00E+00 2, 18E-05 2,49E-95
. 15E-06 4,69E-0¢ 9,40E-07 1.89E-04 2. 19E-08 2,35E-04 10, 00E+00 2,00E+00 0 00E+00 9. C0E+#00 2. 00E40G 9, GIE4(0
(RL9UE-34 5, TIE-DH 1L 34E-04 2, 8084 1.29E-03 2.10E-03 14.97E-07 0, 00E+00 0.30E+00 {.87E-0T7 9.008400 5, 44E-7
SLUIE-OT 8, TTE-0T 2.35E-07 4.99E-97 G OCE+(0 2,31E-08 10, 00E+00 0. 00E+00 9.00E«00 1, 47E-07 0.90E+06 1.478-07
LoSoE-0T 8.3TE-D7 LLSTE-)3 4L 40E-04 2.74E-04 2.72E-02 11,55E-05 2.00E¢00 9, 00E+(0 3.83E-05 1. 43E-04 1, 97E-34
_EAD ‘2. 30E-04 1 93E-04 1,12E-04 5,80E-04 0.00E400 1.24€-03 15.236-07 0. I0E i 0. 00E+0G 3.08E-05 9, 00E+GU I, s0E-s
SAGNEIILM 4 48E-93 2.99E-37 4,78E-04 3.49E-04 3.37E-06 B.31E-03 i1.298-05 0.00E409 9,00E+58 9. 00E+30 2, 246-33 1.828-33
YANGANESE (1§, 21E-05 4,75E-05 §,B6E-04 4. 73808 1,12E-05 1.54E-04 11,07E-07 D.O0E400 0. 00E+00 7.94E-08 4,53E-34 4,328-79
NICEEL 4. 44E-35 2.526-05 7.58E-06 3. 14E-05 4,31E-05 1.5BE-04 10,00E+00 3.00E+00 1. 90E+00 3. BE-07 1L 14E-95 1.2:5-95
! U2 8.57E-07 1LESE-0T 4,41E-04 4,72E-04 2.63E-02 18.22E-04 0,008+00 D, D0E+00 U D0E+00 3,73E-04 3.48E-04 ¢
E¢50 0.00E400 9.00E+00 5.33E-04 7, 00E+00 3.38E-06 14.29€-06 0.00E+00 0, )0E+00 0.00E+00 2.95E-94 2,098-04 !
E-lb I.J4E-0S 9.08E-06 4.78E-07 0.00E+00 J.77E-03 18.13E-08 0.00E+C0 0,00E+30 4. 14E-08 0.0GE+00 1,22E-¢7
AE-04 9.97E-04 1.53E-M4 §.73E-04 5. 42E-05 3.G1E-07 17, 10E-06 0.00E+00 2, J0E+00 0.00E+00 9, 20E+09 7,10E-05
03 1L.99E-03 5.91E-04 1,42E-03 1, 11E-01 1I7E-01 [1.01E-04 0.00E+30 0,00€400 1, 3IIE-05 1.18E-61 1. 18E-51 !
33 B.04E-08 2,72E-05 1.97E-04 {,7FE-05 3.97E-04 10.00E+00 0.90E+00 0. 90E+H0 0.00E400 8. 29€-08 &, 29E-94
..... 13 8.ZE-04 LLS1E-04 6,55E-05 9. J0E+09 2.79€-03 15.26E-07 9.00E+00 0. C0E+00 721806 0,C0E4D0 7,7aE-4s
CINADIUM 1 20E-04 9,T4E-05 1.98E-05 8. 01E-05 0. 00B+00 2. 34E-04 {1, 38E-06 9.00E+00 0. 0E+00 4.32E-08 0, 90E+00 1, 428-g8
JIINC PL.Z8E-03 9.45E-04 Z.01E-04 2, THE-04 L 19E-08 2.99E-03 13.60E-05 0.50E+0d 0. 00E+00 L77E-05 5.28E-Ce 4,738-05
Tot.MassaS.’AE-:Z S49E-07 5.S4E-03 8. 14E-03 1, 126-01 22E-01 2.IBE-04 9.00E#00 0,30E+00 . {SE-04 LA9E-9L s 3IE-0
3T 9503
Meta]sa LICESGE LLIE-GL 2L00E-02 3.33E-02 = T.BAE-01 4.S4E-03 0.00E+00 0,208400 1.45E-04 - 4,9%E-43
gasizza
LoD 3AB FLIW RATE 2. 78E+00 FLUE GAS SLON RATE 3.50E400

35ee notes a and b in Table 6.2B.
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TABLE 8.3B {a) DISTRIBUTION OF TRACE METALS AND TOTAL PARTICULATE 3Y PARTICULATE S:IE FRACTION (SASS SIIE BAS[S)
RUN: 3
: T BABHOUSE INLET ; 9ABHOUSE JUTLET
: ; 3ASS SI1ZE FRACTIONS ; SASS SIIE FRACTIONS
2 M 4 s TITAL { 2 3 4§ S TOTAL

ETAL : FRACTION OF METAL 1 IN SIIE FRACTION : FRACTION OF METAL 1 IN SIZE FRACTION ;

233801 2.21E-02 6.7ZE-D1 0.00E+00 1.00E+00 .4 ME-03 0.00E400 0.99E+00 9.96E-01 0.00E+00 1. 0JEd0 |
A3E-01 SLTIE-02 1L59E-01 0,00E+00 1, 00E-D0 [1.32E-01 0.00E+00 0.9CE+09 2.07E-02 8.47E-01 1,00E400
(2CE-01 5.79E-97 5.Z9E-02 0.00E400 1.00E+00 2. 00E+00 0.00E+60 0.GOE+)0 Loo0B+00 0, 00E+00 1.00E+90
S02E-01 LLATE-02 £.77E-01 0.00E-00 1.00E+00 !1.33E-02 9.00E+00 0.00F+00 9.82E-91 0.2CE#00 {L00Ee0
-888-01 1.06E-01 3.BBE-0! 5.11E-03 {,G0E+0 1: TOE-Q1 9.00E+00 0.00E+00 2, 1TE-22 0,3CE+00 1. 5CE~30

Z4E-01 4.39E-02 5.76E-02 1.6E-03 1.00E400 !4, 3iE-1 0.COE+00 0.80E+00 0.90E+0G0 J.59E-01 1,99E+00 ¢
-0BE-01 4.88E-02 4.81£-02 2.99E-01 1.G0E+00 !1.326-01 0.00E+00 0.00E+00 0.00E+00 8.58E-01 1, 30E+3C

TALZMINUS 1L TIE-0L
NTIMONG

.

s
CamENTR ‘& gmz_Ag
4RSENIC BRSO

-

P13 Ca by m= (g oe— e
N

~I () L

Y Mo Y gy g0y
]
s e

-99E-02 3.392-03 3,01€-03 9.295-01 1.00£+00 ND ND ND ND D 2
21E-01 T.BIE-0Z 1.24E-01 6.13E-03 1.00E+00 !7.48E-01 9.00E+00 0.00E+00 2 S2E-01 9.00E+00 1, 90E+00
S9CE-01 1LO2E-01 2.18E-01 0.0CE+00 1.00E+00 :0.00E+00 0.00E+00 0.90E+00 1.00E+00 0.00E+0 !.JCE+m
-06E-01 3.78E-02 1.526-02 1,02E-02 1.GOE+00 !7.91E-02 0.00E+00 0.00E+00 1.95E-01 TUIE-01 LLCCERD0
A1E-0L 9.04E-02 4.67E-01 0.00E+00 1.00E400 |1, 45E-01 0.00E+00 0.00E+00 8.55E-01 0.00E400 |, 00E+n0)
-40E-01 3.76E~02 4.20€-02 1.00E-03 1.GOE+00 :8.52E-01 0.50E+00 0.00E+00 0.00E+00 1.48E-01 1.00E+09
OTE-01 5.74E-02 I.07E-02 7.29E-02 1.00E+00 !2.23E-02 0.00E+00 0.00E+00 {.8SE-07 9.61E-01 1,00E+00
X -56E-01 4.B0E-02 1.99E-01 3.0SE-01 1.00E+00 :0.00E+00 0.00E+00 {.00E+00 4.28E-02 9.57€-01 1.90E-00
1PROSFHOROUS IS, 31E-01 3.25E-01 5.94E-02 1,87E-02 1,79E-02 1.00E+00 :2.3I8E-02 0.00E+00 0.00E+00 0.00E+00 9,74E-01 1.0GE+00
(SELENILU®  © ND ND N NB ND KD 12.99E-02 0.00E+00 0.COE+00 0.00E+00 9,79E-01 1.J0E+00

-1 € 4 CF-

¥
]

] :

ZOI0E-0

§.098-31

2. 01E-3L
MAGNESIUM :5,I5E-0t

3

14

——

MANGANESE  15.328-0

NITKEL

2BLE-0

Cd v el (A P G D g e
. N

SILVER 8.48E-02 8.73E-01 2.70E-01 1.27€-02 0.00E+00 1.00E+00 !6.82E-01 0.00E+00 0.00E+00 3.38E-0L 0.00E+00 1, 00E+80

.SOLIUN PIOTE-G1 2LTIE-01 5.80E-02 2.90E-01 1.80E-02 1.00E00 :1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E400 1.00E+00

P SULFLR +i.38E-97 1LTOE-02 S.04€-03 1.21E~02 9.47E-01 1.00E+00 |B.S2E-04 0.00E+00 0.00E+00 1.17E-04 9.99€-01 1.00E+00

TIN 1.83E-01 2.03E-01 5.8SE-02 4.94E-01 4.50E-02 1.00E+00 '0.0DE+00 0.00E+00 9.00E+00 0, 00E+D0 1.00E+00 1.00E+00

'TITANIUM - (0. 1SE-21 3.07E-01 S.41E-02 2,34E-02 0.00E+00 1.00£+00 :4.79E-02 0. 00E+00 0,00E+00 9.32E-01 9.20E+00 1,00E+00 !

VANADIUN  IALTHE-OD 2.94E-01 4.97E-02 2.126-01 0.00E+00 1.00E+00 19.70E-91 0.00E+00 0.00E+00 3.03E-02 0.00E+00 {.00E+00
3L 18E-08 6.T4E-02 9.17E-02 3.98E-03 1.00E+00 {8.37E-01 0.00E+00 0.00E+00 4.05E-02 [.27C- 01 1I0E-D0

IN SIZIE FRACTION ; = MASS OF ELEMENT i IN SASS SIIE FRACTION j
OTAL MASS OF ELEMENT i IN ALL SASS SIZE FRACTIONS

SASS SIIE FRACTIONS

FRACTION ! = PROBE RINSE + 10 NICRON CYCLONE CATCH (SOLID SAMPLE)

FRACTIIN 2 = T MICRON CYCLONE CATCH (SOLID SAMPLE)

FRACTION 3 = | MICRON CYCLONE CATCH (SOLID SAMPLE)

FRACTICN 4 = FILTER CATCH (SOLID SAMPLE)

RACTION § = IMPINGER CATCH + NITRIC IMPINSER RINSE (LIQUID SAMPLE)
TOTAL = 5uM OF FRACTIONS (-5
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TRELE §.3 TRACE NETALS CONTENT OF 3LUDSE, BOTTOM ASH AND
BAGHOUSE BOTTI2™ ZysT

RN 8
! ' FEED BOTTOM BAGHOUSE
! : SLUDGE ASH DUST
METAL - “ppa Teew T
CALUMINUM 1L 1TES0D 1. 4E+03 5. 036402
ANTIMONY  12.29E+02 2208402 1478402
'ARSENIC  !S.93E+i2 7078402 9, 13E+02
' ZAR UM 1L 1AE+02 1.09E+02 7.90E400
ICADMIUN  13.93E+02 §.54E40] I.06E403
'CALCIUN  :3.220+04 2.57E+04 5. 24E+04
'CHROMIUM 14, 11E402 4,52E402 4.526402
(COBALT 13 55E401 4,31E+01 3.63E40!
:COPPER 14,4363 5. 08E+03 4. 756403
'50LD 10, 35E+00 8. B7E+00 0. 00E+09
 IRON 1S, S9E+04 <. L4E+04 5. 36E+04
‘LEAD 16, T4E+02 7. 186402 8.92E+01
‘MAGNESTUM 11, 27E+04 1.52E404 3438402
IMANGANESE  !3.49E+02 I.61E+02 3.08E+02
'NICKEL 11.78E+02 2156402 1. 45E+02
' PHOSPHOROUS ! 4. 3FE+04 6. 1SE+04 8. 11E+04
'SELENIUM 10, 00E+0D 0. 00E+00 9.00E+00
'SILVER 16, 136400 1.20E+01 1816400
:SaDIUM (4, 78E+03 5. 136403 2.87E+03
iSULFUR (2. TSE404 6. 05E+03 2 L1E+04
iTIN [2.31E402 2.89E402 9. 108402
CTITANIUN 17, 04E+03 7038403 8.51E+¢3
CYANADIUM  14,39E+02 4,89E+02 8. 7IE+02
I1INC 18.25€403 8.57E+03 b, 24E+03

-131-



TABLE 1.5 fa) TRACE METALS

CONTENT OF *ARTICULATE MATTER BY PARTICULATE SIZE FRACTION !

SASS SIZE FRACTION 5ASIS)

RUN: 2
SCEUBBER INLET SCRUB3ER QUTLET
3A35 SIIT SRACTIONS - SASS SIZE FRACTIONS
: : 1 $ 0 oy z 3 : R S
H
T 28wy wig uglg 469 ue/g ugle ugie ugial ugeg

+

+

¢

V3 e a2 b on s (]

PRSI

JOOE=0D &, 148402
0,30E+00 9, 3TE+02 1

QEeG0 L GIE+3E 0,

i oLn o G

T ! ; LS J.BEEOZ 1 1LSIE4R1 0L 00E+00 0, 00E-00 5.58E+02
SHERT L +(i4 M 3. 45E€0T TL21ERG4 9, 00E490 0, G0E+00 2, 90E-04 2.0

- SEEe0d4 L “d 2, SIIESO4 0,00E+00 0.00E400 0.90S400 9.0
4, TIEe32 L, 03 D,I5E402 5L 34Ee0t 23840 0. 00E+00 0, 50E+00 9.53E<01 4.7
3 FIE+0L T,518401 4,46E401 3, 70E-01 0, 00E+00 4, 00EX00 0. 0UE+00 0. 0CE+00 1.23E+00

2. JLE+HT T.S1E«QT 1L 158408 7,T0E-02 PILTIE#02 9, 00E+00 0.09E+00 [, G4E+04 1, 7OE-0] :

: 225400 1 U000 1. 1CE-01 0.00E+0 1, 48540 (0. G0EC00 0. 0E+D0 8. 00E400 0. 008400 0.00E+30 0,008400 |
L 03B+ 9 ZBEG4 1, 27E404 2, (18402 PLUTESO4 Q.G0E+D0 0.90E400 §.31E+03 4.78E-01
CLSTERRY TORIE403 QABE40T 203104 (.00E400 4,84E+03 13, 406407 0. 30E4G0 3.00E+00 1. G0E+04 0,00E400 1, 10E+04 ¢

co$7E-id ZUTIESNN 2L95Ee04 T, ZO0S0T 0, 00E-00 2, 4SEe04 11, 13E404 3, 00E+00 3. 00E+00 0,00E+00 &, 00E-03

P4, ITE€DD 4.78ER0D TLF2E0D 1, 4TES0] 4058400 (5. ZAESOD LOQE+0D 0, L9E400 1908401 7, 00E-03
CIUTEHOZ AU1IE-02 TUTIECOZ 1548403 2,53E40) PICSAE0T 0, 008400 0. 00E+00 §, T4E4D] 3, SOE-]

3. ATESG & SOE404 TUSeE+0R 1 ZTE408 7, 27E 00 1 LOER04 000800 0, GUE#Q 1,3IE404 3. 00E+00 1, 7SEid
PIOCED0 00036400 9.006400 2, 00B40) 6, JOE€I0 0.00E+00 |2, 156403 . 00E+00 5. 09E+00 1. JOESG0 5, D0ErQ0 §,972+2 !
LLTAE40D 4 2TE40T T 9TE#(2 5.28E¢02 0.00E+G0 2, 326407 11.55€404 0.00E+00 0. 0E+00 4,90E402 9, 00E400 2.92E+07
IUIGES0F T.OSE€RT LLIBENM T, Jo00E#00 §.93E+03 11 58E404 9, 00E400 0.00E+20 9.94E+03 2. 12601
JLITESM DUTEEHDA 5 G6E408 5,9 {31E+0T P9, TAESO4 0, 008400 §.00E+00 L, 3SE45 3,02E-01
P2 B TASEROD [LQ2E40T 9.30E403 0, 00400 1. 47403 3. 85E+0! 0. 00E+00 4. 00E400 &, 46E+03 0. ACE+0 3,792
TLSAER0T TU27E40T BL7SEH0T S.90E-02 (L O0E400 6.328403 *3.9BE#02 0.00E+DQ 9, 00E+00 6, 58E+02 0, 00E+00 3, 875402 |
P7.75EQ2 LAGE40T 2L50E+03 7.SSE403 0. 00E<00 1.47E+G3 |1, SAE403 D.0%E+00 0.00€+00 4,35E+03 0, 00E+00 T EE-T ¢
$.32E+03 3L TAEHOT 1L11E404 1, 596404 9, 00E-02 $5.07E+04 0, 002400 D, 0UE+00 1. 24E+04 2. 5BE-91

. = FRIBE CINSE + 10 MICRON CYCLONE CATCH (SOLID SANPLE)
= T MICFON CYCLONE CATCH (SOLID SAMPLE)

= 1 MICRON CYCLONE CATCH (SOLID SAMPLE)

ER CATCH (SOLID SAMPLE)

““PINGER CATCH - NITRIC IMPINGER RINSE {LIQUID SANPLE)
= ZyM OF FRACTIONS 1-5

= £

35ee note a in Table 6.1B.
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TABLE 1.2§ 1a) TRACE METALS AND TOTAL SARTICULATE CONCENTRATIONS IN FLLE 5AS BY PARTICULATE SIZE FRACTION SASS S1If feerTisw:
RN 2

tTaL AT CONC. OF METAL @ IN SIZE “RACTION ; igm-dscat | BAS IONC. OF METAL i+ IN SIZE FRAZTION ; g

SLMINGM 12D LTIE-M DUSAE-0T 0.01E400 2.00E-03 19.4EE-08 0.00E+00 0.00E+0) 4, 75E-34 g, 4,
SNTIMONY 4 5ef 3.762-07 1.08E-05 0.00E+00 B.IFE-05 12.38E-08 9.00E400 9, 00E+00 2. EeE-05 §,00E+00 &,

=R3ENIC BEEEIT 4.44E-0¢ 1.48E-05 S.72E-05 2,926-04 1T.37E-07 9.90E+00 0.00E+09 4 4,38E-08 0.00E+00 4

FraliN 1. 3.72E-0s §.82E-05 0.00E+00 §.1sE-04 (8.38E-08 9.00E+00 0.00E+00 2.T4E-06 0, 008400 2,82E-08
SADMIUN 3. 429600 1L20E-03 9.005400 1.94E-07 !4.03E-05 0.00€+00 0.G0E+00 1.3SE-04 1OIJE-06 177E-04
DEARE .27 Z.4BE-04 2,39E-03 1.97E-05 1.I1E-01 14.37E-05 .00E=00 9. 00E+00 0. “OE*“O 3.098-08 4, ‘
DHRCHTUN 17, 72840 8.1%E-06 [.73E-05 5.19€-07 S,33E-03 15.88E-04 0.00E+00 0, GOE+30 4. 49E-07 2, 86E-08

ZIBALT CRERISD 1.95E-07 1.38E-96 9.1(E-05 1,03E-04 10.00E400 0.00E+00 0.00E+00 0.90E¢00 7,31E-75

LIPTER 8, 3% 2.04E-05 J.CEE-04 7.22E-04 1.64E-03 i5.45E-97 0.00E+00 0.00E400 4.83E-05 F.52E-07

0L 3.5 2E-0 7 0.00E400 3. 06E-17 0.00E+00 5.00E-04 (0. 00E+00 0.00E+G0 0. 00E+00 0. 09E+00 . 00E+00 &, (0E+00
IRON 1,E2E-02 4 J.I2E-08 179E-04 1.98E-02 4.05E-92 3.55E-05 0.00E+00 0.00E+00 4. LIE-05 2.48E-05 1, 01E-74
.LEAD 2.81E-14 7L 24E-08 T.9TE-95 9.65E-04 G.O0E400 1.44E-D3 11, (2E-06 0.00E+00 0,00E+00 8.33E-35 0, 00E~00 3.73E-0S
MEIMESTUM 1S, {.95E-03 9. 19E-05 2.25E-04 0.00E+00 7.31E-03 !3.92E-95 0. 00E+00 0.00E+20 0.00E«00 3,I9E-G7 3.985-0F
ANGANESE  '3,12E-05 3.47E-05 1.38E-06 4.55E-07 5.87E-04 5.83E-04 12.07E-06 0.00E+00 9,00E+00 §.83E-08 I.94E-07 7.S6E-16 .
NITREL v4.14E-03 2.99E-99 2.54E-06 S.14E-05 2.426-03 2.S4E-03 15.1;E-06 0.00E+00 0,00E+00 3,89€-07 1, 38E-04 7,48E-3s
'PUOSPROROUS 1, 24E-02 4.80E-23 2.52E-04 3.93E-04 5. 776-04 1.B3E-02 !3.84E-05 0.00E+00 0.00E+00 6. 15E-05 0.00E+00 9.59E-05
CSECENIUM 3L O0B«00 0, 00E+00 0.70E+00 0.00E+00 3. J0E€D0 U O0E+00 (7. 12E-04 0.00E+00 G.00E+00 0,00E+00 §.905+00 7, 1IE-06
SILVER SLHE-0E L.27E-06 1.93E-08 G.00E+00 7.80E-05 !5, 18E-08 0.00E+00 0,00E+00 2.2BE-06 0.00E400 2,I4E-08
sGoIuM LL28E-93 2 4.80E-00 1.0BE-03 9.90E+00 2.94E-03 :5.48E-05 0,00E+400 0.00E+00 4.39E-05 1.20E-05 {.17E-04
(TULFLR 4 132 3 210804 2018E-03 1.23E-01 1,326-01 :3.24E-04 0.00E+00 0.00E+00 5.09E-04 1.71E-07 1,S4E-93
iTIN (T 48E-05 S 4ME-05 6.31E-06 3.03E-04 0.G0E¢00 4. 3BE-04 : <Z9E-07 0.008+)) 0,00E+00 3.01E-05 0. UQE+00 3,2€-05
TUTINIUN 1L 46E-07 5.25E-04 T.04E-05 1.82E-95 0.00E+00 2.03E-03 11.32E-06 0.00E400 0. COE+D0 3.20E-06 0.00E+00 4,53E-5 :
COSNADIUN 1 4SE-04 1L08E-04 §.89E-06 2.I3E-04 .00E+00 4.98E-04 13.13E=06 0.00E¢00 0.00E+00 2, 26E~35 0.00E+00 2.77E-u8
LINC PLI2E-07 6. 06E-04 3.S5E-05 4.93E-04 B.44E-06 2.47E-03 {1.48E-04 0.00E+00 0.00E+00 §,79E-05 £, 44E-05 2.41E-08

a 1 s X 3 BRE-04 0. 11 Een 1 SvEt 1 g
Tot.Mass™ {.47E-1 2,23E-02 LS9E-03 1L19E-07 1.52E-01 3,5SE-01  7.BBE-04 0.00E+00 0. 00800 1, STE-)] {.85E-17 7. 13E-01
33:d5C8)

Metals? 1.51g-¢s

28:3504!

~-a

COTE-02 TLATE-03 3L09E-02 - 2.9BE-0! 3.32E-03 C.O0E400 0.00E+90 4, 84E-03 - TLEEE-02

7.578+01 FLUE GRS FLOW RATE 1.27E402

SLIE SRS FLOW RATE 7
sl idscae)

35ee notes a and b in Table 6.2B.
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TABLE 2.35 {a) DISTRIBUTION OF TRACE METALS AND TGTAL PARTICULATE 5Y PARTICULATE SIZE FRACTION (SASS SIZE 385IS)
RUN: 2
SCRUBBER INLET : SCRUBBER OUTLET
f SASS SIIE FRACTIONS : SASS SIIE FRACTICONS
! 2 3 4 3 TOTAL ! 1 2 3 4 3 TOTAL
(METAL : FEACTION OF METAL 1 IN 3IIE FRACTION ; : FRACTION OF METAL i IN SIZE FRACTION j :
CALUMINGN 5. 1BE-02 8.07E-92 8.SEE-0Z 7.72E-01 0.0GE-00 1.00E+00 !1.94E-02 9.00E+00 0.00E+00 9.91E-31 0.G0E+00 1.GOE+G0 !
ANTIMONY 1S,TBE-91 2.34E-01 8.90E-03 Z.01E-01 0.00E+00 1.U0E+00 14,7IE-01 0.00E+00 0.00E+00 S.29E-01 0.00E+00 1.00E+00 |
CARZENIL SL12E-01 2.27E-00 LLS2E-02 S.OSE-02 1.95E-01 1.00E+G0 (8.17E-02 0.00E¢00 0.00E+00 9.18E-01 0.G0E+00 1.30E+d0
ARIUM JLITE-D1 7408702 4050E-02 T.62E-01 0.00E+00 1, 00E+00 12,97E-02 0.00E+00 0.00E+00 9.70E-01 0,J0E+00 1.00£409
(nIMIUN 11.65E-01 1.85E-91 2.226-02 4,25E-01 0.00E+00 £.00E+00 12.28E-01 0.00E+GO 0.00E+00 7.86E-0L 6. 4:E-03 1.00E+30
eALTiu 3.33E-01 4.19E-92 2.04E-03 1.82E-02 1.SOE-04 1.00£+00 :3.94E-01 0.00E+00 0.00E+00 0,00E+00 1.04E-G1 {,J0E09
‘CHROMIUN D1.45E-02 5.89E-93 1L 16E-03 3,Z4E-0T 9.7SE-01 {.O0E¢00 !7.41E-01 0.00E+00 0.00E+00 I.7HE-D2 I.22E-01 1.G0E~00
CaEaLT 6. 7IE-0T T.ASE-02 1.39E-03 1.I4E-02 3.3TE-01 1.00E+00 10.00E+00 0,00E+00 0.00E+00 0.0E+00 {,00E+¢0 1. 0GE~D0
LCIPPER (SLH1E-01 T.CZE-00 LLS1E-02 2L17E-01 4.39E-03 1.00E+00 11.13E-02 0.00E+00 0.00E+00 9.49E-01 1.3IE-02 1,C0Ew00
LEOLD PTOIIE-01 LU4AE-DY 0.00E+00 T.IZE-02 9.00E+00 1.00E+00 ! ND ND N ND ND ND .
CIREN '.TSE-9L 1L20E-01 8.20E-03 9.38E-03 4.88E-0! 1.00E+00 !3.SIE-01 0.00E+00 0.00E+00 4.05E-01 2, 44E-01 1.(IE~3%
LESD P1.95E-01 1.83E-01 2.03E-02 6.02E-01 0.00E400 1.00E+00 11.29E-02 9,00E+00 0,00E400 9.87E-01 0.00E+00 1, 30E+d0
MASNEZIUM  15.38E-01 2.59E-01 1.28E-02 3.{2E-02 0.00E+00 1.00E+00 !9,91E-01 0.00E+00 0.00E+00 0,00E+0¢ 9.58E-03 1.00E+9) !
TMANGANESE  11.1BE-01 5,978-02 [.99E-07 £.S3E-04 8.29E-01 1.00E+00 18.10E-01 0.00E+00 0.0CE+00 I.44E-02 {.95E-01 1.90E+50 |
NIZEEL +1.53E-02 1.18E-02 1.00E-03 21.92E-02 9.51E-01 1.0CE+00 16.83E-01 0.00E+00 0.00E+00 5.19E-02 Z.4SE-01 1.00E~20
(FROSFHOROUS s, 88E-11 2.80E-01 LL42€-02 2.12E-02 J.46E-02 1.00E+00 i3.84E-01 0.00E+00 0,00E+00 4.18E-01 0,00E+0 1.00E+00 !
SSELENILM WD ND N ND ND ND 11.00E+00 0.00E+00 0,00E+00 0.00E+30 0.00E+00 },00E+0C
C3ILVER 3.7TE-2L Z.38E-01 1L83E-02 2.09E-01 0.00E490 1.00E+00 12.71E-02 0.00E+00 0.00E+00 9,78E-01 0.00E+00 1.00E+09 !
23014M (S ZZE-01 9.59E-07 1L52E-02 T.53E-01 0.00E+00 1.00E400 :4.35E-01 0.00E+00 0,00E+00 4,08E-0! 1,04E-01 1.COE+00
"SULFUR S.A1E-02 2.08E-07 1.39E-03 1.53E-02 9.27E-0f 1.00E4C0 11.27E-01 0.00E+00 0.00E+00 2,00E-01 4.72E-01 1.00E+00 !
TIN T1UTOE-01 1L24E-01 1L44E-02 5.91E-01 0.00E+00 1.00E+00 [4.26E-03 0.00E+00 0.00E+00 9.98E-01 0.00E+00 1.00E+00
TITANIUMTUIBE-O1 2.SBE-O1 1L49E-02 8.97E-03 0.00E+00 1.00E+00 12.9ZE-01 0.00E+00 0.00E+00 7.08E-01 0.00E+00 1.(OE+0C |
CORNRDIUM D2.97E-01 1017401 1.TAE-02 4.69E-01 0.00E+00 1.COE+00 [1.B5E-01 0.00E+00 0.00E+00 8.1SE-01 0.00E+00 1.0GE<30
SZINC C3.I5E-01 2.48E-01 1L.T6E-02 2.00E-01 3.42E-03 1.00E+00 [6.99E-01 0.00E+00 0.00E+00 2,40E-01 5.08E-02 1.50E+30 !

FRRLTION OF ELEMENT 1 IN SIZE FRACTION j = MASS OF ELEMENT : IN SASS SIIE FRACTION j
SIVIDED EY TUTAL MASS OF ELEMENT i IN ALL SASS SIZE FRACTIONS

SASS SIIE FRACTIONS
PROBE RINSE + 10 MICRON CYCLONE CATCH {SOLID SAMPLE)
3 MICRON CYCLONE CATCH (SOLID SAMPLE)
1 MICRON CYCLONE CATCH (SOLID SAMPLE)
I FILTER CATCH (SOLID SAMPLE)
! {NPINGER CATCH + NITRIC IMPINGER RINSE (LIQUID SAMPLE)
T2TaL = SUM CF FRACTICNS 1-5

LU TR [T}

AR It A I 4 |

T
-1
e~
w .
2L ¢
[E I S AR I
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TABLE 2.5 TRACE NETALS COMTENT

BAGHOUSE BOTTZN nusT

OF SLUDGE, BOTTOM ASH AND

RUN

: . FEED EJTTOM BAGHOUSE

i SLUIGE ASH BUsT
TMETAL I S PPM PrN
CIALUMINUM 1 NJR 4, 156403 N/A
(ANTIMONY ¢ N/ 2.48E+02 N/&
(ANSENIC L N/A T 49E+42 N/
SARIUM . 2.EIE+02 N7A
CRDMIUM P NR 1.05E+02 N/
(CALCIUN . 4.95E+04 /A
(CHROMIUN 0 NiA 3.278+G2 N/R
COEALT ¢ N/a 5.07E401 N/R
LOPPER N/A 4.82E+03 N/A
(GOLD P N/A 1.02E+01 N/
IRON . 3.72E+04 N/
LEAD TON/R 8.52E+02 N/A
‘MAGNESTIUM N/ 1.54E+04 N/A
JMANGANESE | N/A 4.27E402 N/R
‘NICKEL v NiA 2.92E+02 N/
'PHOSPHOROUS:  N/A T.50E+04 N/A
'SELENIUM ¢ N/A 3.00E+00 N/A
‘SILVER i N/A J.68E+01 N/A
1SODIUN PN/ 5.06E403 N/A
‘SULFUR i N/ 4, 15E+03 N/
iTIN ¢ ON/R 3.39E+02 N/A
ITITARIUN & N/A 7.83E+03 N/A
VANADIUM 1 /A 7. 148402 N/A
(IINC i NA 6. 7T4E+Q3 N/A
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TABLE 315 ra TRACE ETALS CONTENT OF FARTICULATE MATTER BY PARTICULATE SIZE FRACTION {SASS SIZE FRACTION 24518

5. 226403 0.00E+90 0.00E+00 1.36E+03 0. 00E<00 1. 05
1SE#04 0.00E+00 0.00E+00 3, 15E+03 7, Q0€-02

RN 2
: ! SCRUBBER INLET ST T R e T
SRES SIIE FRACTIONS : SASS SIIE “RACTIONS
: : 3 4 5 taraldy : 3 ' 5 ~3raL @
SETAL 20 /9 Q332 ug/g ug/al ug/g i ug/g 48/g ug/g ugie ug/ sl 4gie
ALSINGM 1 daZedT (UIZER0T 2,56E404 8, T5E403 0. J0E400 S U403 19.92E403 0.00E+00 0. 0GE00 1, T9E404 9. iEei [ 58E«04
SNTIMINY TU3EE0D 2032E492 2485402 1. 7HEe02 0.50B+00 2.89E402 [3.05E403 (.U0F+00 0.00E+00 1.51E+02 ). COE#00 8, TBE«0Z ¢
<R3ENIC PRLIIE02 LTIEDT 3L82E427 T.43E402 0.00E400 2. 59E402 10.00E¢00 0.90E409 1, 90E+00 2.93E402 0, 0E+d0 2.5484)2
VTLBIES01 3,3TEe01 1 40EH02 O, THE02 9. GOE+00 1.7TE%02 16.326+02 0, 00E+00 0, 00E+00 1. 27E+03 J. QUE+C0 1 TaEeT
LFIEED SLITE40T LLUTED4 2.98E+04 2. 10E~02 "2L03E404 0.00E400 0, J0E+00 T,92E403 5. 30E+00 §.3aEe)]
TEEw04 T.G3E+04 8.48E+04 .00E+00 5.32E-0) 19, 93E404 (. 00E400 0.00E400 £, (OE+GO 1. 05E-01
(4. TTER0Z 4,Z5E+02 5.55E497 4. 30E¢02 §.33€+00 (1. BBE+04 0.00E400 0. 00E+00 0,00E+00 2, 33651 ;
4.ABE40] 4,BTEL0 S.55E+0) 3.95E401 1.55E-01 10.00E400 0.002+00 0,0IE+00 9, JOES00 3, JGE+00 0. G0E0r
4418403 5.135603 §.02E+03 1. 128404 3.80E-)2 FLOOSE+0T 000000 0.00E+00 3, 11E+0T 1. T0E-01 .
P9TIEO0 SUIIEC0D 0.00E+00 1LO1E401 0.00E+00 8. 23E+00 i9.00E+00 0,90E+00 0, 00E+60 0, J0E+00 . 00E+00 9, C0E+n
? TOIAE404 5, F0E«04 7, 220403 2,55E+01 8. 77E404 0, 00E400 0,00E+00 3.30E+93 §. 70E-01
L 03 3.I0E403 2. 40E#03 1L93E+D4 0 00E+00 3. B3E+03 12, 11E403 0.00E+00 0,00E+00 4.89E+03 0, J0E+30 4288403
MRENESIUM  (DU47Ee04 2 40E+08 3,40E+07 0.90E400 {.S9E-0) 12, LAE+04 0,00E+00 9, 00E+00 0.00E400 1, 20E-07
MENGANESE 4, 40E40] 4.45E07 4.49E-02 ¢ 12E402 4.03E-01 {0.00E+00 0,00E+00 0.00E+00 9.98E+01 5. 3GE-02
LTELND 4000E40D 3L20E402 1036403 3.29E+41) 0. 00E400 0.00E400 0.00E400 2, 1IE+02 4.33E-01
S IIEe(d TUILECO4 TLI0E-04 1L 28E+04 5. D6E+00 TZ.00E+04 O.UDE+00 0.00E+00 7,33E+03 0.00E+00 9. JiF+03
DoMEI0 1LS8ESD 0.00E00 4.75E)) 0. 0E+00 B, B0E+00 i5.93E+03 0.00E+00 0.00E+00 0. J0E+00 0, 0E+0Q 9.13€+0)7 :
geEenl LTZEC0D LLS1E+02 0. 00E+00 2.00E400 5. 49E40) 12 SIE+02 0. 00E+Q0 0.00E+00 |.SIE+02 0.00E+50 1. s7E+02
SIE+UT I.90E403 3.S0E403 5.I2E+403 0.00E+00 5.83E+03 11.82E+04 Q.00E+00 0. J0E+00 1, 27E+05 4. 00E+00 5. [ JE+95 !
SEE4 TLASE04 4. T0E404 T.S0E04 5. 4TEQ2 t1.86E+05 U, 00E+00 0.00E+00 1,B4E+04 1, 52E+0]
IZEe02 T.00E€0D 1L4BESOT 5. I5E403 0.00Ee0 1. {16443 10, 00E+00 0.00E+00 0.00E+00 1.40E403 0.90E+30 1. (BE+NT
SPERDT 45407 T.49E+03 1L 226403 0.00E400 6.49E+03 15, 47E+02 0. 00E+00 0.00E+00 4,92E402 0, Gafed 5, G0EedT
02 1. 24E+QT LL6AEST 4.68E+03 0.00E+00 1.3I1E+03 (2. !
9.

1
<19E+DT 8. CBE+0T 9.19E407 1. I5E04 2,5SE-0f

ACTIIN | = PROBE RINSE + 1 NICRON CYCLONE CATCH (SOLID SANPLE)

3 = I MICRON CYCLONE CATCH (SOLID SAWPLE)

I 11CRON CYCLONE ZATCH (SOLID SAMPLE)

FILTER CATCH (SOLID SAMPLE)

IMPINGER CATCH + NITRIC IMPINGER RINSE (LIQUID SAMPLE)
TITAL = 3UM OF FRACTIONS 1-5

n
0
L.
1
—
e
[ 30 2 SPRN 3K )
’ 1)

aSee note a in Table 6.1B.
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TABLE 1,15 fal TRACE METALS AND TDTAL PART! CULATE CONCENTRATIONS TN FLUE 6AS BY PARTICULATE SIZE FRACTION SASS 211 “RACTICN)
AN 3
[ TTTSTRURBER INCET - : 5
' SASS SIZE FRACTIONS : SASS
! Z bt 4 N TOTAL 1 2
METAL 2n9 CONC, GF METAL 1 IN SIZE FRAZTION 5 ‘gn/dsca) 1 5AS CONC. OF METAL 1 IN SIZE FRACTION @ (qa/
LOLE-04 3UTIE-04 2,90E-04 0, 00E+00 {.08E-03 (7.3 {E-08 0, G0E+Q0 0.90E400 OE+00 §,318-95
JIIE-D8 3U8TE-08 1.JLE-0T A.G0EsG) 9.94E-05 12.54E-06 0. 00E+00 0., 00E+08 0.0uf*ou I.I6E-00
P 7,ISE-03 1L I8E-05 1L 19E-05 9.00E€00 2.99F-04 9. 006400 0,00E+30 0, 00E+H) ' {
R 8.37E-08 1.04E-0h I, 3I8E-G5 D.00E+00 2, 09E-05 {5, 25E-07 0.00E+30 2. 00E+0 3. 7
1.2 4 HE-04 LUTIE-04 1L 04E-93 2,00E-08 2. J8E-73 (1.09€-0F O.00E+00 0,90E+00 3,
VLZZE-02 4.FIE-03 1L4E-03 0, GEe00 SJOTE-U5 1. 94E-02 !B.25E-05 0.00E+00 0,00E+2¢ 2 00E400 8, 24
19.98E-95 T.53E-05 9,T1E-04 1.49E-05 5.02E-74 T, 32E-04 11.56E-95 0. J9Ee00 0,00E¢00 9, 00E+00
9 44E-08 4.10E-08 3. 10E-07 1.37E-03 1. 472-05 3. 05E-9% :0.0GE+OO 0. G0E+00 0,00E+00 0, 30E+00 0,0k 3
9.31E-04 4,23E-04 3,796-05 I.53E-04 J.62E-06 1.84E-03 18.STE-Q7 2.00E400 9. 00E+I0 1. 40803 e~
2LU8E-05 4, 29E-97 0.00E+00 1. 49E-907 0.C0E+00 2,B4E-08 0. GOE+00 0. 0GE+00 0. J0E+00 0.00E+00 Ry JOE+
L3 )7 5.428-33 1.08E-0F 2.5!E-08 2.7(E-07 2.55E-02 13.63E-05 0.00E+00 0.00E+00 1. 70E-95 S, 1L2%E-M
R - 9.35E-05 6.09E-04 0.50E€00 1. I2E-03 11, 7%E-04 (. 00450 0. 00E+00 2. 19E-05 O.)UE?“O 2,24E-08
. 2. 03 1.29E-04 5.00E+0) 1.S1E-05 7.3BE-43 1 2.B1E=05 0. 00E+00 0. 30E400 0.00E+00 7, 13E-07 7 s8E-98
(5.18E-05 3.7SE-5 6.S5E-08 I.98E-0s 5.T4E-G5 1.98E-04 10, 00E€00 9, 00E+00 9,00E+00 4,07E-07 3. 33E-04 3 TIE-3
: Z0ISE-05 IL3TE-08 1020E-95 I.S8E-95 3.13E-04 4. 74E-08 10, 30E+00 0. J0E+0D 9, J0E+00 §,58E-07 3.75E-05 3.36E-05
JPAOSPMORIUS 11, TAE-0D 5. $8E-03 1, 0TE-0F 4. 44E-04 S.00E-04 2.18E-02 (1, 56E-05 0.0CE+00 0, 00F+00 3.29B-18 3L 00E-00 8,95E-05
SSELENDM 205800 1L TIE-08 9.00E400 {.45E-05 9. 00E+00 Z.VSE-08 14.94E-05 0.00E+00 0.00E400 0. 395400 TOI0EE)) 8, 98E-04
e vEe 2.24E-06 1L 4ZE-05 2.20E-06 1.00E+00 0.00E+00 1.89E-05 i2.10E-07 0.00E+20 9, 30E+00 §.308-97 0, 0CE+0} 3,308
J5CDILN (1 44E-07 T.THE- 5. 11E-05 {L55E-04 0, 008400 LOUE-0T !1LS1E-05 0.00E+00 0,00E+00 S, 356-4 D, GGE-0) £, 348~
CULFUR 3.80E-03 I.GIE-DT 5.86E-04 2,40E-93 5.15E-02 TO12E-02 1155604 §.00E400 0,05E+00 8, ISE-¢S 3.38E-04 1, 14T-i7
JTIN +§.19E-05 £.59E-05 2, {4E-05 2.20E-08 0.J0E+00 < 33E-24 10.00E+00 0. 00E+DD 0, 0E+G0 3, 27E-06 QuuiEedd &, 27E-0s
TITANIUN 1 4SE-0T 4,28E-04 1.09E-(4 4,38E-05 0,00E+00 2.24E-03 !4.55E-07 ., 00E+00 J.00E+00 2.21E-73 0, QUE400 I, ssE-0s
SENRDIUM  1USAE-04 1 04E-04 2,42E6-05 1. 85E-04 0.00E+Q0 4,52E~4 ;2,53E-96 0.00E+00 0. G0E+0) §.99E-04 O, 0GE+H0 8,77E- s
LTS CLSIE-0T TUZTE-08 1 Z4E-D4 4,79E-04 2. 44E-05 2.8BE-0T 17.58E-05 0.00E+00 9.J0E+00 {,41E-JS 4 03E-0% 3. 48E-58
Tot.Massa- TeE-32 2.S3E-02 S.23E-03 £.59E-03 8.53E-92 L.50E-01 4.BIE-04 0.00E«30 0,00E+00 8,328-94 1,02E-03 3 k-
oY Jsoml
Meta]sa JOUIE-OY 342607 1 4BE-02 J.47E-9)2 - J.43E-01 R.IIE-04 Q.0DE+00 0. 00E+00 4.49E-03 - 523
it Bt V]
TLUT 3RS FLOW RATE B.48E+01 FLUE BAS FLOW RATE 2.34E+02

gecan)

35ee notes a and b in Table 6.2B.
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TRELE 3.35 ta) DISTRIBUTIGN OF TRACE METALS AND TOTAL PARTICULATE BY PARTI

CULATE SIZE FRACTION (SASS SIIE 2ASIS)

AUN: 3
' SCRLBBER INLET : SCRUBBER CUTLET
: SASS SIZE FRACTIONS H SASS SIIE FRACTIONS
2 3 4 3 TOTAL ¢ ! 2 3 4 b] TOTAL

METAL . FRACTION OF METAL 1 IN SIIE FRACTION j i FRACTION OF XETAL 1 [N SIIE FRACTION i ‘
ALLMINGY T, 1.0JE~01 3.45E-01 2.6BE-01 0.00E+00 1.00E+0Q 8 9BE-02 0.00E+00 0.00E+00 9.10E-01 0. J0E+00 {,00E400 !
ANTIMONY  lg, 2.CZE-01 S.odE-02 1.326-01 0.00E+00 1.00E¢00 !7.,48E- -01 0.00E+00 0.00E+00 2.52E-01 0.00E+00 {.00E+6C !
AFSENIC ‘8. 2.46E-01 4.20E-02 3.97E-02 0.00E+00 1.00E+00 .0.00E+00 0.00E+00 0.00E+00 1.00E+00 0.00E+60 1. J0E+(0 |
‘BARICM 2. 1.28E-9! 2.3ZE-02 5.54E-01 0,00E+00 1,90E+00 +7.39E-02 0.00E+00 0.00E+00 §.28E~01 0.00E+00 100E#00 !
(CROMIUN i, J.18E-01 8.33E-02 S.04E-01 9.71E-94 1.00E+00 13.226-01 0.006+00 0.00E+00 6.78E-01 0,00E400 1.J0E00
‘CALCIUM -8 ! 2.67€-01 6.726-02 0.00E+00 2.74E-93 1.00E+00 19.30E-01 0.00E+400 9.00E+00 0.00E+00 7.03E-92 1.00E400 |
CCHRDMIUM o, ! 4.69E-02 1.27E-02 1.95E-02 7,90E-01 1.00E+00 !S. Z4E-01 0.00E+00 0.00E+00 0.00E+00 4.76E-01 1.90E+i0
?CD:ﬁL. L 1 03E-01 2.86E-02 4.50E-02 4,84E-01 1.00E+00 ! ND ND ND ND ND ND

CIRRER ‘. ! 2.33E-01 ATBE-02 2.11E-01 1.97E-03 1.Q0E+d0 !3. 44E-07 0.00E+00 0.00E+00 S5.31E-01 4.05E-01 {,J0E+00
TSILJ [ LOIE-01 0.00E400 1.23E-01 0.00E+00 1.00E+00 ! N ND KD ND ND ND
(IRON 14, 2.I8E-91 T.94E-02 9.82E-03 1.06E-01 1.00E+00 !4.S50E-01 0.00E+00 0.00E+00 1,36E-01 4,13E-01 1, 00E+)
iLEA 2. L.28E-01 7.99€~02 5.07E-01 0.00E400 1.G0E+00 :7.47E-02 4. D0E+00 0.00E+00 9.23E-01 0.00E+00 {.J3E+00
'MAGNESIUM 7. 2. TAE-1 1.70E-02 0.00E+00 2.05€-03 {.00E+00 !9, 73E-01 0.00€+00 0.00E+00 0.00E+00 2,84E-02 §.00E+00
"MANGANESE 14.¢ {.8%-01 3.31E-02 1.95E-02 2.90€-01 1.00E+00 10.00€+00 0.00E+00 0.00E+00 1,09€-01 8, ?1E -01 1.00E400 |
INICKEL ‘3. 10E-02 T.TSE-02 2.THE-02 8.24E-02 7.21E-01 1.00E+00 10, 00E+00 0.00E+00 0.00E+00 2.48E-02 9,75E-01 1.)0E+00
-PHOSFHORCUS I8, Z1E-51 2,98E-51 4,94E-02 2,06E-07 2.32E-02 1.00E+00 13,3SE-01 0.00E+00 0.00E+00 6,83E-01 0.00E+00 1,00E+00 !
SELENIM 1N ND \D ND ND ND 11.00E400 0.00E+00 9.00E+00 0.00E+00 0.00E400 1.J0E+00
SILVER Pi.18E-01 7.83E-01 1.16E-01 0.00E+00 9.00E+00 1.00E+00 +2.36E-01 0.00E+00 0.00E+00 7.44E-01 0.COE+00 {.00E+00 !
BEBbRL! STOLTE-01 1L 50E-01 2.54E-02 9.19E-92 0. G0E+00 1.008+00 :2,59€-02 0.00E+00 0.00E+00 9.74E-01 0.00E490 {,00E+00
SULFY "4.71E-02 4,08E-02 9.82E-03 3.45€-07 3.54E-01 1.00E+00 i1.33E-01 0.00E400 0.00E+00 7,31E-92 7.92E-01 1.00E+00 !
TIN 120 14E-01 1LS4E-01 5.45E-92 5.74E-01 0.90E+00 1.00E+00 10.00E+00 0.00E+00 0.00E+00 1.00E+00 0.00E+00 1.00E+00
TITANIUM 13.SIE-01 2,81E-01 4.99E-02 1.94E-92 0.00E400 1.00E+00 i1.71E-01 0.00E+00 0.00E+00 8.29E-01 0.00E+00 1.00E+00 !
(VANADIUM  IT40E-01 2,31€-01 5.25€-02 3.75E-01 0.00E+00 1.00E+00 (3.05E-01 0.00E+00 9,00E+00 4.95E-91 0. 00E+00 1.00E+00 !
VIINC "S.2TE-01 1LSLE-01 A.66E-02 1.86E-01 5.4E-03 1.00E+00 18.02E-01 0.00E+00 0.00E+00 !.49E-01 4.90E-97 1, 00E+00

F ELEMENT 1 IN SIZE FRACTION j = MASS OF ELEMENT i IN SASS SIZE FRACTION j

FRACTION 1

FRALT

------

TION 2
N

N
‘
M S
L

T“‘A

SASS SIZE FRACTIONS

TOTAL NASS OF ELEMENT 1 IN ALL SASS SIZE FRACTIONS

PRCBE RINSE + 10 MICRON CYCLONE CATCH (SOLID SAMPLE)
- MICRGN CYCLONE CATCH (SDLID SAMPLE)
| MICRON CYCLONE CATCH (SOLID SAMPLE)
FILTER CATCH (SOLID SAMPLE)
“MPINGER CATCH + NITRIC IMPINBER RINSE (LIQUID SAMPLE)
SUM OF FRACTIONS !-5
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TABLE 3.5 TRACE METALS CONTENT OF SLUDSE, 30TTOM ASH AND
EAGHOUSE 50TTOM DUST

BN T

: ' FEED B0TTON YAGHOUSE
: ! SLUDBE ASH DUST
IMETAL Coeem T e T pew
IALUNINUN  15.92E+02 2.236+03 N/A
'ANTINONY  11.93E+02 2, 29E402 N
'ARSENIC  6.04E+02 7.49E402 N/A
[EARIUN  !5,B4E+01 8.90E+01 N/A
[CADMIUM  2.18E+02 4. 14E+01 474
'CALCIUM  1S.4BE+04 9.B4E+03 N/A
'CHROMIUN 13, 36E+02 4, 44E+02 N/A
ICOBALT  !3.57E+01 4. L4E+01 N/
ICOPPER  !4,73E+03 1,995403 N/A
'50LD 15, J4E400 1.97E+01 N/A
'IRON '5.48E+08 4.99E+04 N/
'LEAD 15.25E402 6. 226402 N/
IMAGNESTUN 11.90E+04 7.43€493 NJA
'MANSANESE !3.18E+02 3 BE+02 NiA
INICKEL 1. 43E+(02 1.29E402 N/A
{PUOSPHOROUS ! 6. SAE+04 7.95E+04 NiR
'SELENIUM  !7.81E+02 2., 00E+00 N/A
ISILVER 10, 00E+00 8. 45E+401 N/A
PSODIUN  16.73E40S 3426403 4/A
'SULFUR  12.70E+04 2,89€+03 Ni#
TTIN 12, 4SE+02 2.99E402 N/A
ITITANIUM 17376403 7.51E463 N/A
LUANADIUM  14.42E+02 5. 45E+02 N
VIING 16, 08E+03 6. 25403 Nif
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TRBLE 4,13 tal TRACE METALS CONTENT OF PARTICULATE “ATTER BY “ARTICULATE SIZE FRACTION 5455 5{7E FRACTION BASIS
BN 4

QiN:
. SCRUBRER INLET “SCRUBER QLT T
SUES SITE FRACTIONS SAS3S SIIE FRACTIONS
: 2 3 4 N e @ { 2 M L 5 orad

METAL 1007 i§/q ugsg ug/q ug/al ugrg b ugig ug/g /3 18/ ugal gy
ALUMINUN DC2TECGT LLISEHOT 1L 44E404 5, TIE404 Q. U0E400 3.5IE+0F 11, J8E 4] 0,30E+400 9,00E50 1, 88E+95 0.9 ) 1. '

J0T3ERZ 2UIEES0D LLOTESGD &, 75E402 0. 00E ) 2081402 11, 275403 . 00E€00 0., GUE#OD 5.39E+02 0, s,

3,T5E002 GLI2E40D 1L 1TESQT S, SEED? 0.00E+D0 8,21E502 10, 40E+00 Q. J0E+00 0, 506400 §,38E+92 0, 3.

TR T, 8E40L 5. F4E+02 L0 ITEQT 0L U0E+00 2.32E+02 1. I8E402 0.G0E+00 0, Q0E400 1702 5 3. ;

TIUITESDT A T2E4DT 9.426407 3, 356404 5. 30E-02 16.64E403 0. 00E#00 0, (OEeQ) 2. s5E+0d 3. HEs3 2

1SBTES04 8, TIEC04 5, 27E+04 D, COE+00 3,27E-01 [TO6BE+04 G D0E-00 O, 00E400 2 T2E+04 9, 50E-02

£.73E407 4, (3E402 1.32E403 6. G4E40D 2.15E+01 3 00E400 0,00E400 0,00E+00 7. 18E+01 2.57E-1

4.30E01 4. Z7EeGL . 00E400 6. 03Ee0] 4.95E-01 10, 00E+00 0.90E+00 0, 0gE+00 SLO0E400 0, GOE+u0 G, 00E 00

ALTIEDT S 126403 T.IAE#O3 1. 09E+0d 8. {0E-2 TLLIECOZ 0,00E400 0, 00E+00 5.44E+03 5. 90E-02 i

VLATESGL TUBZE400 0,00E+00 2, 0SE+01 0.00E+00 1,218+01 10, 0GE+0 0. 00E400 0.00E+D0 §, 00E+) FOOOE#00 0, 50E-00

4, 2zE+08 5 20E+04 9,238404 1, S0E+04 3.34E+01 COLODE+D D, 00E400 0. 00E+0Q 5.S8E403 1. 32E400 {72404
LEAD LIGEC0T ZU4BE€0T £, 56E+0T 2. 175404 0.0E+00 3,83E403 19, 2{E+02 0, H0E-50 0. 00E«00 1,24E+08 9,00E+00 1,50g+04
MEGNESIUN L L3Ee04 2, TIE+04 2. 4TE4Q4 379E+0Y 3.30E-02 (1LOAE+O8 0.00E+00 2.00E400 0, 00E+00 1. 20E-02 :
MENGANESE 14, TIEe0D 4, 00E€02 3. F4E07 [, 85452 1,928+0) 0. 00E+0% 0,00E+00 9, 20E+00 7, 728401 7.208-02
MICKEL 40098402 SL81EC02 7148400 1, JLE03 1. 18E+91 10.00E430 0.00E+00 0, 00E+00 3, 126407 5. 23E-0t i
(FAQSPSORGIS g, TIE04 5, Q4E404 4, D0 +04 1LOTE+04 8, 23E+00 4 860E+03 0,00E+00 0008400 7.356+03 0. 00E+00 7,118+
SELENIUN JORESG) O, J0E+G0 0, 00E+00 9.00E+00 D,00E+00 ., 49E+00 (3 AZE40T Q.00E+00 9, 00E+00 0. 00E+00 0, 00E+00 3. (56402
3lLvER P9.TECL 2, 936401 2,36E402 2, 396402 Q.00E«00 4.21E601 11, 54E+02 0, 20E 40 0. 00E4Q0 3.25E+02 0.00E+00 3. {1E-¢o
EPR| 4972007 4556403 5.92E433 4, 238407 2.00E+00 4.30E03 4, BOE+0T 0,00E400 0,00E+00 2.57E+04 3.00E+00 2,335-04
SHFUR 220EC04 T.TIEC04 4,39€+04 4.59€+04 [.0BE+)3 15, JOE+04 0,00E+00 0, 00E+00 L. L4E+05 2,85€+0)
TN "TOITERD 5 438407 1. 50E-03 9, 42E403 0.00E+00 1. 39E+03 (0. 00E+00 0. J0E+) 0.00E¢00 5, {1E+02 9,00E+00 3.85E+9)3
TITANDM TUGIE«0T 7, 438403 TLR4E40T 1,82E403 0. 00E400 6.58E+03 10.00E+00 0, 00E+00 0. 00E+00 5.99€+02 0,00E+00 5, 458407 :
CUANADIUN 5 S3ESND (13RS 2.06E+07 5. 24E+07 9. Q0E+00 1.39€€03 19.74E+02 (.00E+00 0.00E+00 4.41E+03 1, 00E-1? !
TIINC S.32E-0F 7, 126493 9.98E+3 1.38E+04 1.08E-01 12, S3E+04 0. 00E+00 0,00E+00 1. 00E+04 7. 20E-02
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e note a in Table 6.1B.
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TARLE 4,28 g}
RiN: 4

TRACE ETALS

nND TOTAL PARTICULATE CONCENTSA

TIONS IN FLUE GAS BY PARTICULATE SIIE RACTION 13335 SIZE FRACTIos

! 2 TATAL 1 z
e 322 CONC. 3F ™ETAL 1 IN SIZE Z3ACTION | {ga/dsca GAS CONC. OF wETaL 1 Iy 817
3.92E-4S T.95E-05 I.07E-03 9.00E€00 2L44E-03 15.TIE-07 GL50E¢00 0 COJEH) 9,25E-04 0,99
DonEE-0R 40876407 1L 45E-05 1L00E+0) 7 ABE-05 16,38E-D7 4. 30Ee(D 3, COE#IQ 2,98E-0n 0, k
5.83E-25 4,34E-04 1.34E-05 G.00E«d0 2 TSE-04 10, 00E+00 0,00Ee00 9.90E+00 4,375-38 9, E+D
5.0LE-Da 2.48E-08 4. 13E-05 0L00E+00 6.44E-05 ;7. 45E-08 0, C0E+00 0,00€+00 2,05E-~i6 9,00E+30 2,
JoU0E- DL90E-05 1L02E-03 4.94E-05 1.82E-)7 [T.59E-04 9. D0E+Q0 0.00E+00 1, 47E-94 . 50E+0
4,7:F LAdE-G 00 3.03E-05 1.2IE-02 !1.99E-05 9, Q0E+00 9, 00E+00 1.49E-04 5,296-08 ¢, 7
2,988 . 2.31E-03 2019E-93 10, 00E+0C 0, 00E+00 9,008+ 3.ISE-07 1.438-05 ¢,
213835 3.02E-08 0.00E«00 1. 4.628-05 5,97E-05 10.00E+00 0. 00E+00 0.00E400 0. GO0E+00 D 00Ee0D O, 0080
7, 54E-04 305805 2. S.89E-06 1.49E-3 iS.97E-08 0,00E+00 0. U0E+00 4.55E-05 3,54E-04 S.JJE-"
2.GBE-8 2] i, GOE+00 £-07 0 O0E+00 3. 48E-06 |0, 00E+00 0,00E+00 ,00E+00 D,Q0E+0D 0, J0E+00 9, 90F 5
LITE-0D 4,3 JA3E-N 7.96E-03 2.45E-92 {0.00E400 5, 00E+d0 0. 00E+00 3. JEE-05 7 CI3E-0T L. 94E-4
2 1,90E-04 3 7lE-3T 14 0L0CE+D0 1, 10E-03 14,97E-07 0.00E+:) 0.00E+00 9.03E-0F 0. 99E+00 9, 15E-u5
3 1.92E-93 1.92E-04 1, 15604 3. aJF-Oa SOUAE-03 15.63E-08 0.00E400 0.00E+00 0.00E+0 &, 8E-97 6. I0E-35
7 2032E-09 1L s2E-08 5.775-“: [.79E-04 2,93E-04 19, 00E+00 0.90E+00 2. G0E+00 4,24E-07 4,01E-0h 4,435-1p
7, 2.TSE-05 2.95E-04 4L 14E-05 1. 10E-03 1.25E-03 (0, 00E«00 §.00E+00 0. 00E+00 L72E-06 2,94E-95 I, (1E-98
30 $.71E-07 T.OTE-08 T, 25E-04 5.95E-04 1.82E-07 12, 49E-08 U 00E00 0, 00E+00 4.98E-05 ¢, 00E+00 4, 29€-0%
: SoJOESGY 3 O0ESN0 0, D0E4DD 3, 00E40 O 0.00E+00 11, B4E-08 0.30E~00 0., 90E+00 9, J0E+00 C.00E+D) 1, 59635
H J07E-0h 8.7TE-07 7,29E-05 0,006+00 1.21E-05 !5, 75E-08 J.00E+00 2,00E+00 1, 79E-06 0. 0GE+0G !.SBE-OS !
R TL22E-08 2,45E-05 1.29E-04 G, 508400 1,77E-03 12.59E-08 2.00E+00 0. 00E+G0 1 4LE-74 0, 00E+00 1,346~
1. 2.63E-03 2.02E-04 1.47E-03 [LO4E-01 1.09E-01 ;2.54E- 03 0.00E+00 0,20E+00 4,25E-04 {.S0E-03 2.15E€-03
I . 4,58E-95 3.20E-06 2.37E-04 J.50E00 S.97E-04 10.00E<00 0.00E+00 0, 0E+) SB1E-05 0. 00E+GG 2, 31E-05
TITANIGY oL, 5.29E-04 3.25E-5 4.94E-05 0,00E+00 1.B3E-03 :0.00E+00 0. 00E+00 0, 00E+00 3,29E-08 0, 00EeCh 1.298-"p
CARADTUM oty LsE T.I6E-05 3.53E-06 1.F0E-04 0. 00E+00 5.99E-14 15, 27E-07 9.00E+50 0. 00E+00 2.53E-05 S.53E-07 2.84E-o%
JINC LITE-AT SLIE-04 4, L4E-05 4.226-04 9,88E-06 2.04€-03 (1.7E-0F 1002400 0, 00E+00 5, 51E-05 2,89€-05 7, 1af-of
Tot. Mass $.098-07 ZUL2E-02 LL45E-03 7.83E-03 1 13E-01 1.86E-31 BLOSE-95 ). 90F+00 D080 JLTIE-03 LLATE-0T IL30E-01
Iv Iy
Meta]sa 1.31E-01 7.07E-02 4.14E-03 3.SE-07 = 2.86E-0! S5.40E-04 0,30E+0C 9. 00E+00 S.505-3 - 8 ME~T
BPER T
LUE SEE FLIW RATE 1L 10E+0? FLUE GAS FLOW RATE 2.722402

s

35ee notes a and b in Table 6.2B.
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TABLE 4.35 (a) DISTRISUTION OF TRACE NETALS AND TOTAL PARTICULATE BY PARTICULATE SIZE FRACTION (SASS SIIE 34518

RUN: 4
CTTTT T ) SCRUBBER INLET T e T
! : SASS SITE FRACTIONS ! 3ASS SIIE FRACTIONS

Lo 2 3 : R ) (R 2 3 ! 5 oL

""""""""""""" FRACTION OF NETAL 1 IN S11E FRACTIZR j

........... L= -

(7. 24E-02 I.85E-02 2,44E-02

FRACTION OF NETAL : IN SIZE FRACTION ]

47E-01 0.00E+00 1. 30E+00

-«

6.13E-04 . 00E+00 0.90E+00 9,99E-0] 0.00E+00 1.908+90
!

M 8.

FS.TIE-01 1L2EE-01 5.90E-03 1.F4E-01 0.00E+00 1.00E+00 {1.38E-01 9.00E+00 0.00E+00 B.12E-01 0.0E+00 1.(9E+g !

+8.2FE-00 2, 50E-01 2,04E-02 §.94E-02 0.00E400 1.00E+00 ;0. G0E+00 0.00E+00 0.00E+00 1,00E+00 0. 00E+d0 LL00E409
BRI +2.30E-91 T.63E-02 I.71E-02 8.31E-01 3.00E+00 1.00E+00 !3.51E-02 0.00E+00 0.00E+00 9.45E-01 0,00E+30 1. 0E+50
CAIMIIN  11STE-O1 1.99E-9¢ 2.41E-02 £.3LE-01 3.0%€-03 1.00E+00 12.3BE-02 0.00E+00 9.00E+00 F.T6E-01 0. COE+D0 1, 00E+50
CALCTUN -3.B1E-01 T.74E-01 2,102 9.00E400 2.53E-03 1.00E+00 !1.{4E-01 0.00E+00 0.00E+00 8.54E-01 3.03E-07 1 00E+0¢
TLHRONTUM  DS.28E-92 1.75E-02 2.32E-03 9.55E-03 9.22E-01 1.00E+00 :3,90E+00 0.90E+00 9.00E¢00 2.69€-02 9.73E-01 1.00E0( |
"LJBALT 1.38E-01 S.11E-02 0.00€+00 3. 14E-07 T.80E-01 1.00E+00 : N ND ND ND ND ND
LIFOLR "SVIZE-O1 2043E-01 2. 04E-02 2.21E-01 3.31E-03 1.00E+00 -1 18E-03 0.00E+00 0,00E+00 9. 23E-9] 7.61E-02 1,00E+00
-E0LD 7 ASE=1 TUTTE-22 0.00E400 1.BOE-01 0.00E+00 1.00E+00 ¢ WD ND ND ND ND ND
CIRON :4.63E-01 1.79E-01 1.40€-02 1.87E-02 3.25E-01 1.00E+00 10.00E+00 0. 00E+00 0.00E+00 2,94E-01 7.06E-01 1.00E+00
LEAD 1.93E-01 1,73E-01 Z,48E-92 &.04E-0} 0.00E+00 1,00E+00 !5.4BE-03 0.00E+00 0.00E+00 9.95E-01 0.00E+00 1.COE+00
‘MAGNESIUN  'Z.87E-01 I.74E-91 1.99E-92 2.24E-02 7,08E-04 1.00E+00 18.94E-01 0.00E+00 0.00E+00 0.00E+00 1.06E-01 1, 00E+09 |
"MANGANESE  12.47E-01 9,47E-02 §.S7E-03 L.97E-02 6.11E-01 1.00E+00 :0.00E+00 0.00E+00 0.00E+00 9.58E-07 9, J4E-01 1.00E+00 |
INIZKEL '5.08E-02 2.05€-02 2.37E-03 3.32E-02 8.83E~01 1.00E+00 :0.00E+00 0.00E+00 0.00€+00 5.52E-02 9, 45E-01 1.)0E+00
JFHOSPHORCUS | 5. 24E-01 2, 49E-01 L41E-02 1.79E-02 I.24E-02 1,00E+00 13.79E-02 0.00E+00 0.90E+00 9.42E-01 0.00E+00 1.00E+00 ;
CSELENIUN ¢ WD ND ND ND ND ND D1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.90E+00
(3ILVER 1.44E-01 1,TIE-01 B.10E-02 6.04E~9] 0.00E+00 1.00E+00 !4,77E-02 0.00E+00 0.00E+00 9.52E-01 0,00E+00 1,00E+00
agDium 5.S8E-01 2,74E-01 1,78E-02 9.39E-07 0.00E+00 1.00E+00 !1.80E-02 0,00E+00 0,00E+00 9.82E-31 0.00E+00 1, Q0E+00
(ZULFUR (3.03E-07 2.41E-02 1.85E-03 1.I4E-02 9. 24E-01 1.00E+00 !1.33E-02 0.00E+00 0.00E+00 2.90E-01 4,94E-01 1.00E+00
TIN 1.ATE-01 1L1SE-01 1.54E-02 7.23E-01 0.00E+00 1.00E+00 :0.90E+00 0.00E+00 0.00E+00 £.00E+20 0.00E+00 1.GOE+j0
TTITANILY  18.78E-01 2.81E-01 1.736~02 2.42E-02 0.00E+00 1.00E+00 10.00E+00 0.00E+00 0.00E+00 1.00E+00 0. 00E+90 1, 008409 ¢
VUANADIUN TL00E-01 2,00E-01 2. 1SE-02 4.79E-01 0.00E+00 1.00E+00 !1.99E-07 0.00E+00 0,00E+00 9,59E-01 2.:1E-07 1.00B+g0
DINC S.OIZE-0 Z.48E-01 2,01E-97 2 b LL00E«00

2.03E-01 4.81E-03 1.00E+00 '1.91E-0] 0.00E+00 0.00E+00 7.69E-01 4,04E-22

10N CF SLEMENT i@ IN SIIE FRACTION j = MASS OF ELEMENT i IN 5ASS SIZE FRACTION )
<T4IDED BY TOTAL MASS OF ELEMENT i IN ALL SASS SIIE FRACTIONS

SASS SIZE FRACTIONS

PROBE RINSE + 10 MICRON CYCLONE CATCH (SOLID SAMPLE)

< MICRON CYCLONE CATCH {SOLID SAMPLE)

! NICRON CYCLONE CATCH (SOLID SAMPLE)

FILTER CATCH (SOLID SAMPLE)

{MPINGER CATCH + NITRIC INPINGER RINSE (LIQUID SAMPLE;
3UM OF FRACTIONS 1-5

FRACTION
crapmen

CRACTION

TaTAL

Xy
o
—
—
f o I §
= p
LN Be (4 1) b=
1] 1] n " " "
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TABLE 4.5

TRACE METALS CONTENT OF SLUDGE, EOTTOM ASH AND
BABHOUSE BOTTOM DusST

KN 4
. . FEED BOTTON SAGHOUSE
: . SLUDGE AZH DusT
METAL ¢ PPN PPy Fer
TALUMINUM  15.93E+02 2.08E403 N/A
ANTIMONY  [2.17€+402 2OLEH02 N/A
CRRSENIC  i5.34E+02 7.87E+02 N/A
BARIUM 19, 04E401 L. 10E+02 N/A
CADRILR  (2.37E+02 1.07E+02 N/R
CALCTUN ‘5408404 3.53E+04 N/A
‘CHROMIUM  13.87E402 3.37E+02 N/R
‘COBALT 13.80E+0} 4. 44E+018 N/A
:COPPER 14.37E403 S.37€+03 N/A
«50LD 4. 3AE+00 8.31E+00 N/A
![RON 15, 29E404 5. T7E+04 N/A
LEAD 17.01E402 6 438402 N/A
‘MAGNESIUM 12.08E+04 1. 23E+04 N/A
IMANGANESE i3.26E+02 4.27+02 N/A
MICKEL (1.E8E+02 2.47E+02 N/A
1PHOSPHOROUS ! 3. BSE+04 8. 16E+04 N/A
(SELENIUM  i0.00E+00 0. 00E+00 N/&
tSILVER 1. 77E+08 3. 236401 N/A
1SIDIUN 2. 34E+03 5.53E+03 N/A
1 SULFUR 1 2. SHE+04 4.17E+03 N/A
;TIN 12.34E+02 3.14E402 N/A
(TITANIUM 14, 94E+03 9. 06E+03 N/R
TYANRDIUM  i4.71E+02 5.21E+02 N/A
(ZINC 18, 61E+0T 8.57E+03 N/R
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APPENDIX B
SASS TRAIN AND PARTICULATE EMISSIONS DATA

Appendix B contains SASS train operating summary sheets for each test run
(inlet and outlet location). Included in the summary sheets are particulate
emission data by SASS train size fraction.

RaDTI AN SAQURCE TEST
EFAa METHOD =5
(RAW DAaATaAa)
Fi.AaNT
FLANT SITE
SAMFLING LOCATION
TEST #
DATE
TEST FERIOD

NORFOLK , va

BAGHOUSE INLET

HR~C

09/28784

1345-1807 STOFFED 1615-1632 FOR SG CHANGE

FLEAMETER YALUE
Sampling time (min,) ]
Rarometric Fressura (in.Hg) 30.2
Sampling nozzle diameter (in.> 1,208
Meter Yolume (Cu. ft.,) &84, 7443
Meter Fressure tin.H2) 1,08
Meter Temperature (F) 79.17847
Stack dimension (sg.1n.) 53, 456209
Stack Static Fressure (in.H20) -5

Stack Moisture Collected tgm) db615.9
~hsolute stack pressure(in Hq) 29. 7882
Averane stack temperature (F) 32,547
Fercent <02 8.37
Fercent Q2 11.3
Fercent N2 ’ 80,33
Delps Subroutine result 4. 109%52
DGM Factor . 991
Fitot Constant .84
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FADIAN SOURCE TEgT
EFAa METHODS —_=
FINAL RESULTS

FLANT t o

FLANT SITE

SAMPILING L.OCATIOM

TE3T #
DATE
TEST FERIOD

FARAMETER

Vm(dsc )
Vmidscm)

Vw gas(scf)
(scm)
% moisture

Yw gas

Md

MWd

MW

Ys(fpm)

Vs (mpm)
Flow(actm)
Flow(acmm)

Flow(dscfm)
Flow(dscmm)

% 1
% EA

NORFOLK

« VA

BAGHOUSE IMLET

HR-C-2

09/23/84
1245-1807 STORFED 1613-1632 FUR SG CHANGE

673,318
19,09937
311.33%97
8.8341.32
31.6:5%53
- 68374342
£9.7912

L65.06217
538.8%97
194, 7863
237.173%
8.7146792
?9.8806

2.828619
120.1702

113,.05943
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FADIAN SOURCE TEST
EFA METHOD =
FARTICULATE LOADING
FLANT

: HRC-2-- “FILTER --TUTAL
FLANT SITE ! NORFOLK , uva
SAMFIING LOCATION @ BAGHOUSE I[NLET
TEST #. : HR-C-D
DATE 2 0?/78.84

TEST FERIOD 13451807 STOFFED 1613 -1432 FOR 36 CHANGE

FARAMETER

Total Grams
Grams /dscf
Grams/act
Brains/dscf
Grains/acé
Grams/dscm
Grams./acin
Founds/dsc
Founds/ac#
Founds H
Hilograms: 4

Fi]term

0. 5203001
O.0008753
0. 0007687
QLOLIS079
O, 0055885
O.03T091143
D.O130174

O, 0000019

N.0115481
O.0052473

Total

e 7123000
0, 0084808
Q. Q03F714
0. 12038
Q. OS5 H6S
O, 294337
D11 058
O, MG 137

0O.11.004839
0.0508219

Frogram Revision:1l. 1434



R&aD I ard
EFA METHIOD
FARTICULAaTE

FLLANT

FL.anT SITE

SHMPLING LOCATION

FEST
DATE
TEST

FREAMETER

Total G
Girams .
Srams.a
Grainms dscf
Grains s
Brams. dscm
Grams. acm
Faunds ds
Founds/ac
Founds / /Hr
Filograms. He

#

FERIOD

SOUIRCeE

—r

HRC- 2
MORFUL:

HR s~
0%, 728,24
1Z45-1807

3 Micron Cyclone

1.3877000
S.0020574
D.00D0BL6S
4.40073174393
D, O01IT705

L0 2aSER

O, 0705971
S DODON A4S
L, 0000019
D027 1901

.01 ATIES

-147-

TEST

L.OAD I G
o

11

1‘)"_'-1

BAGHOUSE THLET

1 Micron Cyclone

D, QEE2000
O, QUOOae
O, 000041 =
D151 44
O, 00083783
[ G S R
D, 001 459y
QO 000>
Qo O0000 L
0,08 971

0, 0005334

Frogram Revisicn:1/1a.84

STOFFED 1515153532 FOR SG LHRHGE



RADIAN SOouUuRrRcCe TEST
EFAa METHOD =
FARTICuLAaTE LLOAD I NG

FLANT : HRC"E————}1————PRQEE+1OM

FLANT SITE : NORFQULK « VA

SAMFLING LOCATION ¢ BAGHOQUSE INLET

TEST # : HR-C-2

DATE - : 0O9/28/84

TEST FERIOD s 1345-1807 STOFFED 1613--1632 FOR SG CHANGE
FARGMETER 10 Mtcron Cyclone
Total Grams 3. 6526000
Grams/dsc# 0.0054160
Gramssac# 0,0022808
Graims/dscé 0. 08354684
Graims/aceF

0, 0351929
Grams. dscm 0.17212380
Grams/acm 0.0805354
Founds. dsc¥ Q.0000119
Founds/acf 0. OQOONSO
Founds 7Hr Q.07154673
Kilograms/Hr Q. 03244629

Frogram Revision:1.14/84

-148-



RADIAN SOURCE TEST
=EFAa METHOD =2--5

(RAW
FLANT
FLLANT SITE

SAMFLING L.OCATION

TEST #
DATE -
TEST FERIOD

FAFRAMETER

DATA)D

MORFOLEKE , YA
SCURBERER OUTLET
HR-A-2

09/28/84
1345-13805

VAELUE
Sampling time (min.) 260
Rarometric Fressuwre (in.Hg) 30,2
Sampling nozzle diameter (in.) . 791
Meter Yolume (cu.ft.) 1023013
Meter Fressure (in.HZQ) 1,95
Meter Temperature (F) 81.05356
Stack dimension (sg.in.) 1733.949
Stack Static Fressure (in.H20) O3
Stack Moisture Collected (gm) 544,55
Absolute stack pressure(in Hg) I0.20221
fverage stack temperature (F) 168.6111
FPercent CO2 3

Fercent Q2

Fercent N2

Delps Subroutine result
DGM Factor

Fitot Constant

-149-

17.77
79.23001
S.S244684
.988

.84



RaDIAN

EFA METHODS
F I NALL

FLANT
FlANT
SAMFL ING
TEST #
GATE

=

SITE

LOCATION

TEST PERIOQD

FARAMETER

Ymidscf)
“Ym(dsam)

Vw gasiscf)
Yw o qgas f(scm)
% moisture
Md

Mud

M

Ysi(fpm)

Vs (mpm)
Flow{ac+tm?
Flow(acmm)
Flow(dscfim)
Flowi{dscmm)
%1

“OEA

SOURCE TEST
=2 -5
ESUIL. TS
2 MORFOLE , wa
: SCURBEEIR OQUTILET
: HR-A-2
: O9/28/84
: 1345-180%
FESULT

Program Revision:

-150-

1000, 32

28.3718%9
2S.e7318
L T2T064E
" SO20ORT
749727
LS. 108

28.31081
805,.5711
245, 8009
RO, 727
274.,8662
FO2I, 293
2272196
107,39347
SH4.714%

1/16/84



RADIAN SOURCE TES
EFa HMETHOD =
FARTICUN. . aTe
FANT
FLLANT SITE
SAMFLING LOCSTION
TEST 4
DATE
TEST FERIOD

HFA-Z = 1) FER -- - 1 UTAl
NORFOI E , wa
SCUREGER OUTI E1 0/
HF -8 -2

a9, 0g/34
174518085

FARAMETER

Tatal Grams
Grams/decf
Grams/acf
Grrains/dscf
Grains/ act
Grams/dscm
Grams/achn
Founds/ dsc
Fournds/ac#
Faunds /4
Eilagrams/ Hr

Filter

O, 13517000
Q.0001313
O OGOLOI0
0. 0000343
D 001a81y
O L0055,
0. 00184843
QL O00G00%
QL OOOOOO D
Ge 1 599507
O, 06834810

Program Revision:

-151-

Total

O, OO0 2D
Q. 001374
Q. 00.0%01 1
D00 E94 2
[S PRI TRE Y
LR S TR RNt
Qo QOOOOS
0. 2408557

QL 1owss] e

1/16/84



=

RaDIanN SOURCE: nMesrr
Fa METHOD =

FARTICIL & Ve LUOUAD LiNG

FLANT

FLAMNT
SAMFL
TEST
DATE
TEST

FARAMETER

FTetal Grams
Grams/sdsct
Grams. acf
Grains/dscé
Grains/acy
Grams/dsam
Grams/acm
Fournds dsc+
Founds, acy
Founds . Hr
i loagrams e

¥ BACE -

HEA-2 - -FRORE FINSE al.s0:
HORFOLE , VA

SCURBRER QUTILET

HF—f -

ND. 23,84

LI35 1305

SITE
ING luthrxun
#

FERTQD

10 M1cron Cyclone 10 Hicron Cyclone

QL 05730000 G, 0230000
0, O000T30 (SIS TS YN )'-74(')
QL. Q00077 Q.00 QOFT7
O,0014498 0, uu|44wH
.01 1985 ”.dULtv =
O, 0TI TT FF
Q. 0027424 O, 0027424
L, DOOCOOO 2 O, QOOOGONY

- QOOOOON D Q. 0000002
NPT ITS IS ST G
0.0452304 e D4 404

HALF 1MFINGER ANGLYSIS WhS HOT KEGNTRED

Program Revision: 1/16/84

-152-

1o



FRADIAN SOURCE T
EFAS METHOD A
(AW DartTa)d

FLUANT HRC -3

FLANT SITE MORFOQLE Y&

SEMPL NG LDCATION GRGHOVSE IMLET

TERT # IR -1 -8

DATE 0F/09..848

TEST FERIQD

LION—-1805 STOFFED 147014733 URESET 1328-146£0% FILTER ClIRHIGE

FosRGMETER allUE

Sampling time (nim. 255
Barometric Fressure (irm.HQ) Z0.1
Sampling nozzle diameteis (in.) ) O
Meter Yolume culrt.) Tl 08

Meter Presswu-a (in. H2U
Meter Temperature (F)
Stack dimensiaon (=g.in.

Btack Static Fressure in. bSO -5

Stack Moistwe Collected Enti ] oSl .3
Absolute stack pressuwreiin Hg ARSI ot~ 1= Dy
Arerage stack tenperature (F) 4. 111
Fercent COZ2 T.2
Fercent Q2 TR
Fercent N2 2. 61
Delps Subroutine result 4, 255107
DGM Factar e
Fitot Constant .23

-153-



1.

RINES

205

eI L enrd
= ey
LS N A P
BTN
FLANMT 3171E
SAEMFE IMG L DCATTON
TEST #
DATE
TEST
STOFFED

FERIAOD

14301470

VESET

FaRAMETER

VYmidsor

Vinldsome

Ve Qasised

Ve ges Lsamo
inci =t e

tid

bl

sl

Vs o

m o Cmpn

Fliow(aoim

F1ow{acmm)

Fluowi{dscfm:

Flow(dacimm)

A |

wEA

Program Revision:

-154-

I
M VO I s R

R AR E

ESStn.  5S

£y
" e

as 9% ap a3

P38 -1 405

FLLTOR

RESULT

14

TS
124,088

1/16/84

1



A T avkd SMIRCE TEST
EFa M TI—JDI’) =
FARTICU. . STE 1 COAD TG
FLaNT HRC—-Z~—-FIL_TER~~—-TOTAL
FLAMT 31TE NORFOLE WA
SAMPLING LOCATION BAGHOWUSE INLET
TEST # HRE-C~3
DATE OF29/84
TEST FERIQD
1300-180% STOFFED 1420-1437% URSET 1578-1405 FILVER CHANGE

FARAMETER " Filter Total

Total Grams 0, &802001 &.7’qcﬂﬂw
Grams ‘dsof 0, 0009833 QL0037 44

i 0, 0007240 0. 00585
oF !Z).O15171<‘: 1“11_.
Grailns s OnE”ﬁ=4 U.USGU
Grrams s d-w hi] 0. 7187 0, 34580 g
G. 150707
QL0002 1A
Fovimds U OO000E 4
Founds M ”1‘?Aq1 0 lT‘béé¢
i lograms  He U.UOF?Tf VLS 7E464

B ams /
Grains

Grams /7 acin
Faounds /

Program Revision: 1/16/84

-155-



FLAD Lard SO IRCE
EFAa METHOD =
FAaRT IEN ATE LOAaD TG
FLANT P HRC =S T {1
FILANT SITE POHORFOLYE , vy
SAMPLING LOCATION @ BAGHOUSE IMLET
FEST # '

INE ST

¢ LR -
OATE D 0702984
TEST FERIND :
1Z00--180% STOPFED 1320 -147T7 UFSET 1508-1605 FILTER CHAMGE

FARAMETER

3 Micron Cyclone 1 Micron Cyclone
Toatal Grams
Grams . dzaf

G- ames
Grains ‘dsof

Grains.

O, S@EH000
0, 0004133
(NS TSTRE JEN ]

[N IR Y '

— e
w0

e

EYuls

Grains/dsam

S R
ity

Fournds.
Frouwnds
Foundss Hr

Filograms e

AT

O, OO0 S

SIS TRIN TR |

O, DERNRFLE

D.014340138

Program Revision:

-156-

O, GONEFEG
G.1486528s8
0, 0057150

0, 108

1/16/84



13

-1 0%

FalD I atd

EEa

UM ST E

SOUIRCE
HME THOD

=
Py

.....

L.AaD I ING

=LAMT

FLAMT
SAMPLING LOCA
ST #

TE

DA

TESTY

STOFFED

FaRAMETER

SITE

TE
FERIND
1420- 1433

Total Gyrams
Grams/dsor
Grams &acf
Grains dsaf
Grains  act
rams T Asom
(3 &S ¢ SO
Founds /dscf
Founds ac¥
gl

FPounds s

i loarams/Hr

TION

UFSET

-157-

—

, 1 i o i

IIA

: HRGC=-5——

« HORFOLE

s BAGHOUSE HLET
s MR-

: OP/27/83

=B~ 1 605

Program Revision:

FILTEF

CHANGE

10 Micron Cyclone

3. 1
Q.

u4nuu

[ PRR IR
O
O,
£, 210

.08
e

17

Ci L OO
),
[ I

FROBE+1O0

1/16/84



FFAaD I anrd SOLIRCE TES T r
EFAa METHOD . =
{ AW DA T £ )
FLANT HRR-3
FLANT IITE MOFRFOLE , YA
SAMPLING | QURT TN \LHFb}th L ET V/
VEST #
DATE
TEST FERIGD

Bl as 88 a8 44 au

L300-173% 5TOFFED {315-1330 DUE 10 1IFESEY

FLARAMETER el UIE

Sampling time (minmu) Saed
Barametiric Preszure ISR ELE Il
Sampling riczzle dlameter Ciria) <P
Meter Yolune fou. () FHEY @S]
Meter Fressure ip. 430 1.%
Heter 1Pmperafure tF) SA
Stack dimension 181 IO B o T 17343949
Stack stabic Frezsure (s H2O0 P
Stack Hoisture caollected (gm)

sbsclute stack pressur edin o)

AVerage stack 19mﬁ&'afurw F)

Fercent 00

Fercent 07

Fercent N2

Delps Subroutine result
DGM Factor

Fitot Constant

-158-



aDITaAa
EFrFa METHODS
F LINALL

FL&ANT

FI.ANT STITE

SAMPLING LOCATION

TEST #
DATE
TEST FERIQD

FARAMETER

KESUIL

SOURCE

-
1S
s HRA-X

MORFOLE

HR /-3

SCUREBRER

T
=

- rsY

OPIL/84

RESULT

Ymidsc k)
Yintdscm;

Yw o gasf{sci)
Ywogqas
““ moisture
Md

MuWd

i

Ysfpin?
Cmpan )
Fliow{acfm)
Flow(acocmm)
Flowi(dsctm)
Flow(d=scmm)
oI

% EA

C=Cin )

[y
\tig

« a0 T00%
20330373
PEEY-1E0 B
29,192

S8.9311 X
3L5.0829

L5153

FF¥3G.311
L21.B2738
3247.0&8

oI I.EET
102, 8082

S7L.56843

-159-

EEST

OUTLET /

12001 725 STOFFED 1415-1330 DUE

1) HIFSE |

Frogram Revision:l /16789



RADIAN SOURCE
EFAa METHOD

FARTICUL. Aa1e

FLANT
FLANT

SAMFLING LOCATION

TEST
DATE
TEST

FARAMETER

fotal Grams
Gramssdsc f
Grams. act
Grains dscfF
Orains/act
Grams.dscim
Grams.: acm
Founds rdsc ¥
Founds/acs
Fownds - 4e
Kilograms Hr

SITE

#

FERIOD

Filter

O, 1242000
D.0001 270
QL 000105

QL 00196043
0,001862643
O, 00433451
Q. OOITRE?

. 1386216
Q,.0628784

rEsr

—~p

LLOAD L NG
HRA—X-~-
HORFOL
SCURBEBER QUILEY \/
HR-/-3
QR /29 /34

17300 -

~F L TER -~
I.‘l H

~TO V&L

and
LR

STOFFED 3131S-1430

Total

0. 1487000
Q.O00152

0, 0001 287
OO0 5471
Q0013372
Qo005 3710
0,004 4559

G, 16594505
O,075.81Y

Frogram Revision:l.la. 34

-160-

w2

o

DUE

HY UFRSE |



RAaDTI
EFaA

AN SOURCE TEST
HMETHHOD S

FARTICULATE LOADIMNG
FL.aMT
FLAMNT SITE

SAMFLING LOCATION

TEST #
DATE
TEST FERICD

FARAMETER

Taotal Grams

Grams/Sdscf
Grams/acf
Grains. /dsc
Grains/acf
Grams /dscm
Grams. acm
Founds ‘d=sc
Founds ac¥f
Founds /Hr

F

F

F1lograms/ Hr

HRA-3 -FROBE RINSE AL 505 Lo

NORFAOLE , Vg

SCURBEER UUTIEFN/

HR-& -3

OF529/.84

1Z00-173% STORFED L41S-1430 DUE TO UFSET

10 Micron Cyclone 10 Micron Cyclone

0, OO DTS (SR RTRTHT 8 Pald
LIRS IR el O, QUOOLIS
L, OOOILT0 0, 0003870
O, OUOHI0NL o 1. QGOITOY 2
O, 0003308 U, Q03308
L. O004LGIE TN PO TIIReE= L= B
), 00000 | £, 0000
Q. DOOOOO0 ), 0000
0, 0286707 O D206 707
d.0115441 D.01 154481

¥ BACE-HALF IMFINGER ANALYSIS WeS MOT REQUIRED

Frogram Revision:1/16.34
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1200 — |

Y34 STORFED

ealD T &by
EF &y
CHRAW DaTa)
FLANT :
FLANT SITE :
SAMPLING LOCATION
TEST # :
DATE :
TEST FERICD :
15T36~150% FOR FILT

MORFOLE

HR--C 4
1071784

FARAMETER

Dampling time (min.)
Garometiric Presswe (in.Hg)
Gampling nozzle diameter (in.)
Fleter “Yolume (culft.)

Meter Mreszure (in.H20)

Meter Temperature (F)

Btack dimension (sg.in.)

Stack Static Pressure (in.H2)
Stack Maoisture Lol lected
Absclute stack pressuarelin iig)
Averaqe stack temperature &)
Fercent C0O2

Fercent Q2

Fercent N2

Delps Subroutine result

O0GM Factor

Fitot Constant

L3 )

-162-

OV RS
METTIHOD 2

=R ANMD 356

R
[
« MR

BAGHOWSE INLET

CHANGE

VaLLIE

1.1708388

a1.777Ta

s e
BR.4580Y

- &

&GO,
29 . 50888

47 IEEE




FRAaDIAN SOURCE TEST
EFa METHODS ==
FINAL. RESWUL TS

FLANT

10/7,1/784

FLAMT SITE : MORFOLE ., Véa
SAMFILING LOCATION @ BAGHOUSE IMLET
TEST # : HR-C~-4

DATE :

TEST FERICD :
LZ00-1754 STOFFED 1536-1609 FOR FILTER aMD SG CHAMGE

FARAMETER RESULT

Yinidzcf) &90, 37495
Ymi{dscm) 12.35198
Ye gas(sci 3111994
Vuw gas (scm) 2.9131463
% omoisture F1.07042
Md
Muld
o]

Vs Fpm)

Vs (mpm)
Flowtiactm)
Flow(acmm)
Flowidscfm)
Flow(dscmm)
. I

“ EA

Program Revision: 1/16/84

-163-



HADITARN SOUIROCE
=S METHOD =
F e T LU &S T E L OaD D Rdes

TEIEST

FLENT : HRC -4 FILTER= - T T
FLANT STTE T MORFOLE , VA

SAMPLENG LOCATION @ BAGHOUSE [NLET

FES) # 2 OHR -4

DA TE 2 1071784

TEST FERIOD :

LIO0O-1753 STOFFED 193481409 FOR FILTER &MD 56 CHAMNGE

Pl RnE TER

Tind o d
Grams . dzof

Gr ams e s

i@l 3
Grainms  aof

G ams s

3 S S 2 i
Founds /dsef
Foowmds s act
Faunds s Hre
ol ograms st ie

Filter

figt)f AEE
R NTHLS BN )
L1, 0 R04 T M0

D011

3,004 C 74

) O FT YT

Program

-164-

Total

Sodhdt FOto
D, 0081717
[ ST IR

. L l&0RS:

iy, L

0, 000

D). MO AT
L, LO3EG YT
9,047 osT

Revision: 1/16/84



FKaalD rant
EFao

FLANT

Fl s
SAMFL THG LOCATTON

S1lE

TEST #

0 TE

TEST FERIQD :
G3A-140% FOR FILTER aND 3G CHANGE

1300-17%4 STORFED

Toatal

Grams. dse§
e f
Grains /dzcf 0,0

Grams.,

Graims

Gram

Girzns & ac
Fourds ‘d=sc+
&Cf
Foundszs  Hr
Eiloarams/ He

Founds.

ARAMETER

Vi son s

HMETIHIOD
FaE U roen._ oare

SOLIIRCE

Ll
fa—

HORF QL K
BAGHGUSE
HR -3
10,1784

3 Micron Cyclone

1. 387

QO

0, 0020013
O, 0007433

08871

D.,0113787
O, DH706319

DL.O271333

0, OMIGO03 3

O, Q000017
D.02547379]

-165-

O.01 15391

Program Revision:

.

T

'—""i

1

EST

LOAD L ING
HR - g ceee SM o | o

INLET

Micron Cyclone

QL 081 G000
D000 7%
000045 |
.00t KR1OS
041407
ISR B
O 20000037
O 00000
.0014910

O, 000G TS

1/16/84



{3001 7=4

RAaDIAarg
EFA METHOD
FARTICUL arse
FLANT
FEANT
SAMFLINMNG LOCATION
FEST #
DATE
TEST FERIGD

]»l-—

361809 FOR FLLTER AND 56 CHANGE

ATOFFED

FaRAMETER

Taotal
Grams dscr

Grams: acf

Grains. .dscf

Grains . acf
Grams dsocm

Grams: acm

Founds. /dscf

Founds - acd
Founds Hir

Lt ains

SOURCE

8

HRC =4~ -
SIVE MORFOLE
HR-C- 4
10,/1,83

Kiloagrains Hire

Program Revision:

-166-

10 Micron Cyclone

TEST

L.OAD I NG

. , l USSR

[y
<1

DARGHOUSE INMLET

FLSBTRO0O
Q,0031245
O, 001%,;08
Q. 0720704
O, Q304033
0, 18uI447
Q, 0&5¥5338
O, QOOO0OL X
D, 0651236

O, 005399

1/16/84

~FROBE + 1 OM



RAaDIan

(RAaw DaTa)
FLANT :
FLANT SITE : NORFOLE
SAMPLING 1LOCATION
TEST # : HR-A-4
DATE : 10:01/848
TEST FERIOD :

FARAMETER

Sampling time (min.)
Harometric Fressure (in.Hg?
Sampling rnozzle diameter f(in.)
Mater Yolume f(cu.ft.)

Meter Fressure (in.H2)

Meter Temperature (F)

Stack dimension (sq.in.)

Stack Static Fressure (in.H2O)
Stack Moisture Collected (am)
Absolute stack pressure(in Hg)
Average stack temperature (F)
Fercent C0O2

Fercent 02

Fercent N2

Delps Subroutine result

DGM Factor

Fitot Constant

«

-167-

.‘«’ g

SOURCE TEST
EFAa METHOD 22—

SCRUBBER OUTLET V/

1300-1770 3TOFFED 1318-1328 0OUE

YALUE

260
29.95

. 991
FR.ET01
1.9
85.431575
1734.939
O3
450 . %
29,9522
166.8947
2.98
17.82

77.5

D. 63879

. 588
. 84

Fo HFsEY



FRADITarn

SOlIRCE

EFa METHIODS =

FINnar

FLAMNT
FLANT SITE

SAMFL TG LOCATION

TEST #
DATE
TEST FERIOD

FARAMETER

Ymidscf)
Ymidscm)

Yw o gas(scf)
(som)
.« Mclsture

Yw o gas
Md

Mg

MW

Vs (fom)

Ys  (mpm)
Flow{acfm)
Flowi(acmm)

Flowidscfm)
Flow{dscmm)

w I
v EA

RESUL TS

MNORFOL.K

TEST
—=

SCRUREER OUTIET vd

HR-A-3
10/,01./34

LZ00-1730 STOFFED 1318--1223 DUE T LRSIy

R

ESULT

60,7395
27.20814
21.24108
- 5015477
2. 163085
- F78F6F4
2901774

28. 93580
a5, 277y
251. 6091
Y943, 159
281.5903
8202.264
232. 2881
101,392

S08. 1505

-168-

Frogram Revision:1/14/54



RADIAN SOURCE
EFAa METHOD =
FARTICULaTE

FLLANT

FLANT SITE
SAMFLING LOCATION
TEST #

DATE

TEST FERIOD

FAFRAMETER

Total Grams
Grams/dscf
Grams/ac+
Grains/dsc#
Grains/ac#
Grams/dscm
Grams/acm
Pounds/dscf
Pounds/ac#
Founds /Hr
Kilograms/Hr

M

H

Filter

0. 1490000
0.0001551
0.0001279

TES T

LOADING
: HRA 3--FILTER---TOTAL

ORFOLE

R~A-4

10/01.,84
1300-1730 STOFPED 1318-1328 DUE TO UFSET

0,0023930

0. 0019740
0.0054742
0.004%174
0. 0000003
0. 0000003
0.1682962
0.0763386

-169-

“a, A
SCRUBBER QUTLET v/

0.1670000
Q.0001738
0.0001434
Q.0026821
0.002212%
0.0061377
0.0050631
Q. 0000004
0. 0000003
0.1886272
Q. 0855607

Program Revision:ii/14/84

W/J

~

¥



RADIAaN SOoOurRcCeE TEST

EFa METHOD =
FARTICULATE LLOAD ING

FLANT ! HRA-4-- FROBE R INSE AL S0 10M

FLANT SITE : MNORFOLE , vy
SAMFLING LLOCATION : SCRIUREER QUTLET V/
TEST # : HRE-A-4
DATE P 10s01..84
TEST FERIOQD 0 1300-1730 STOFFED 1318-13°3 ODUE TO WFRET

FARAME TER 10 Micron Cyclone 10 Micron Cyclone
Total Gr ans .01 37500 O, 0147000
Grams/dsc# QL0001 S3 QL UO001S3
GBrams/acf Qu00001 s Q. 0000128
Grains/dsct Q0002745 D,0002741]
Grains/acf O,.0001948 0. 0001748
Brams/dscm O, 0053073 ' QL. OOS303
Grams/acm O, 0003457 O, 0004357
Founds,/dscf 0, Q000000 L, QOOQO0O00
Foundssact 0. 0000000 QL DO00000
Fanmds/Hr 0, 0168037 Q. 0186037
Filagrams/ Hr Q.0075314 O, 0075314

¥ RACK -HAIF IMFINGER ANGLYSIS WAS NOT REQUIRED

Frogram Reviston:s 1. 16/84
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FADTAN SOURCE FEST
EFA METHOD 4=
CRAW DaTtTa)s

FLANT

: HRC-6
FLAMT SITE 2 NORFOLE | Uy
SAMFEING LOCATION BACGHUUSE IMLET
TEST # : HR--&
DATE 2 10s03/83

TEST FERIOD

LZ00-2040 ITOFFED 1408-1448 FOR UFSET STOFFED 17101755 Fugr FILIER AHD S0
HANGE

FARAMETER VALUE
Sampling time tmin.) 7S
Rarometric Presswre (in.Hg) 30,05
Sampling rozzle diameter (in.) 1,225
Meter Volume f(cu.ft.) 1lo13,.5849
Meter Fressure (in.HZ20) 1.011539
Meter Temperaturae F) a3, 28001
Stack dimension (s3.1m.) SR 45809
Stack Static Fressure (in.HZ0) -

Stack Moisture Collected igm gIn2. 01
Absolute stack pressure(in Hq) 29.4608870
Average stack temperature (F) 4846, 1539
Fercent CO2 T.28
Fercent 02 i3.86
Fercent N2 73,86
Delps Subroutine result 4. 350064
DGM Factar -991
Fitot Constant .34
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RADITAN SOuUuRCcCE TEST

EFA METHODS =5
FINAL RESUL.TS
FLANT 1 HRC-&
FLANT IITE ¢ MNORFOLYE , Wy
SAMFLING LOCATION @ e4GHOUSE DHLET
TEST # PR
DRTE :
TEST FERIQD :
13002030 STOFFED 1405-14348 FOR UFESET
FIRNGE

lOosor, ag

STURFED 1710 175 ¢ ui UL TER sl LG

FaRAME TER ~ESUNLT

YmldscE
YUmidscm
YVw Yasise )

Ve &

ECAPL= HE
T

{=cm)
owmisture
Md
Muid
Muj
Ysifpm)

Vs impm)
Flowiac fm)
Flowiacnmm

Flowtdscim)
Flow(dsamm

EA |
v EA

AL

Program Revision: 1/16/84
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HANGE

FXaAD I AR
EFa

DATE

-TEST FERIQD H
L3G0O-2040 STOFFED 1408-1448 FOR UFSET STOFFED 1710 -17VSS FOR

FARAMETER

Total Grams
Grans. dscf

rams/acf

Grains dsct
Grainms zc+

Grams dsom
3 &ins 7 &cm
Founds dscf
Founds acf
Founds ~Hre

Lilagrams. Hre

LOCATION

HRE -
MORFOL.E

Filter

3. HBFR000
D,D007T0L8a
O, 0002711
D.0108271
D.00416372
O, 0747314

DLO0RS7C8

O GODOO0 S
O, D0B9HOEA
G. 0030635

Program Revision:

-173-

SOUIRCCE
METHIOD
FARTICULH AaTE
FAanNT
FLANT SITE
SRMFL TG
TEST #

TES T

LOAD T NG
~e FILFER -
. VA
BRAGHOUSE LHLET
HR-C -6

10,0384

Total

P D2IEFO00

D, 00972

-

0O, 00THTRT

. 1153201
D.05470°%3

1/16/84

[T rL

FILIER

i

3



FARAMETER

Grams/dscm
Grams/acm
Founds/dscf
Founds/act
Founds 7 Hi-
Killograms/ Hr

FARAMETER

Tatal Grams
Grams/dsct
Grams/act
Grains/dect
Grains/acs
Grams/dscm
Grams/acm
Founde/dscf
Founds/act
Founds ./ Hr
Kilograms/Hr

3 Micron Cyclone

2. 7AH0000

0.0028171
0., 0010837

C0.083487

D, 0167710
Q. 0994704
0.038424%

O . OO0 062

D, OIRLT7I

0.0163147

1 Micron Cvclone

Qw0 TO4000
Cry QOO N0OS7
QL0001 181

QL0471 7x
0.0018227
0,.01079%

Q. 00417018

QL QQOO0OO0T

O, 003034
O 0017704

10 Micron Cyclone

S.4421000
0. 00357384
(O RIR IS =1
0.038544601
. 1955448
O, 0755455

Q. 0G001 22

Program Revision: 1/16/84
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FRAaD I AN SOURCE TEST

EFra METHOD =

CIREAW DAaTED
FLAMT HRD-&
FLANT SITE
SAMFLING LOCATION
TEST #

DATE
TEST FERIOD

FARGMETER

Sampling time (min.)
Barometric Fressure (in.Hg)
Bampling nozzle diameter (in.?
Meter “olume {cu.ft.)

Meter Fressure (in.H2O)

Meter Temperature (F)

Stack dimension (sq.im.)

Stack Static Pressuwre (in.HZ2O

Stack Moisture Collected (gm
Absalute stack pressurs(in Hg)

Average stack temperature (F)
Fercent QT

Ferocent 02

Fercent N2

Delps Subroutine result

DGHM Factar

Fitot Constant

-175-

NORFOLE
BAGHOUSE QUTLET
HRD—-&-CORRECTED FOR .07 |EAK
10/03/34

YALUE

JH0
30,05
1.232
FTILVHS
.7

4. 268841
. 7833
.24

ReTE



FADIAN SOURCE TEST
EFa METHODS Z2—5

FINAL rRESsULLTS
FLANT : HRD-&
FLANT SITE 3 NORFOLLE |, wa
SAMPLING | QOCSTION 1 BAGHOUSE QUTLET
TEST # : HRD~5--CORRECTED FUOR .07 | Eal FRLE FOURL 4
D&TE : 1003843

TEST FERIND
1200-1940 STOFFED 1312-1452

3 FLANT UFSET FORT CaF AT THLET ILEFT OFF 1730
AY NOT EE » GOOD TEST

FRRAMETER

RESULT

Ymidscf)
Vmidscm)
YW gas(scf)

f88.1758
26.285%3
IT9.7478

Yw 988 iscm) 1O, 19372
% moil1sture L7.941358
r1d . 72054642
Muld L9.5S

Ml 26,2282
Vs (fnm) &HE2. T0SS
vs (mpm) 2001 ,922

Flowtacfm
Flow(acmm)
Flow(dsctm)
Flaowd(dscmm)
oI

A

-176-

245,8639
6.762864
2S5, G333
3.33094
YLLE2201

24,6297

Frogram Revision:1/16.84



RAD I AN SOuRcCE
EFA METHOD =
FARTICULATE

FLANT

FILANT SITE
SAMFL ING LLOCATION

TEST
DATE

TEST FERICD
1300-1930 STOFFED 1412-14
=Y NOT BE A&

FARAMETER

Total Grams
Grams./dsc+
Grams/ac+F
Grains/dscf
Grains/acf
Grams/dscm
Grams/acm
Founds/dsc¥F
Founds/acf
Founds /Hr
Eiloarams/Hr

GOOD TEST

#

Filter

0,01 13000
Q0000122

Q.0001879
0, QO0N9SSs
0. 0004299
Q.0002188

Q0002013
Q. Q0009173

-177-

r

VA

EST

LOADING
HRD~6~ - FILTER=—-——~ TOTAL.
NORFQLE
EBAGHOUSE QUTLET
HRD-6-CORRECTED FOR
1070384

.07

O, OF32000
0L, 0000573
0, OOOO29 1
G, 003844
Q. a004498
Q. 0020239
Q0010292

Q. 09431
Q00043011

LEARK FATE FOUIMG T

52 FLANT UFSET FORT CAF AT INLET LEFT OFF 1744

Frogram Revision:1/1s8/54



FADIAN SOURCE TEST
EFa METHOD S

FARTICULATE LOADING
FLLAMT

10,0333

TEST FERIOD
1300-1230 3TOFFED 1412-1452 FLANT UFSET FORT (nF AT [HLET
AY NOT BE A GOOD TEST

: HRD-&- --FROBE RINSE ALS0710M
FLLANT SITE = NORFOLE , “a
SAMPLING LOCATION : BRAGHOUSE QUIILET
TEST # ? HRD-45-CORRECTED FOR .07 LLERK KnlE FOurn =)
DRTE H

FOFT OFF 1730

FPARAMETER 10 Micron Cyclone
Total Grams 0. 0248000
Brams/dscf GL 0000247
Grams. /acf O.00001 38
Grains/dscfF O, Q00312D
Graims,/ sc¥F O, OO0 2097
Grems/dscm Q. 00047
Brrams/acm O.0004793
Founds. /desc¥ QL 000000 ]
Founds ., acf O, DQOQCO00
Founds “Hr O, 00084320
Kilcarams., Hr O, QOOZ2005

¥ BRCK-HALF IMPINGER ANALYSIS WaS MOT REQUILRED

Frogram Revisicon:l. 16,54
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HRADITAaN SOURCE TEST
EFA METHOD 22—
CFA DaTaAa>d

FLANT

FLANT IITE

SAMFILING LOCATION

NORFOLE o YA
BAGHOUSE IMLET

TEST # HR-C-7
DATE 10/,04/724

TEST FERIQD )
1315-2002 STOFFED 1715-1747 FOR FILTER A&ND 56 CHANGE

FARAGMETER VALUE
Sampling time (min.) 73
Barometric Fressure (in.Hg) 0. 248
Sampling nozzle diameter (in.) 1.225
Meter “Yolume (cu.ft.) FPR, 457X
Meter Fressure (in.H2Q) . 788
Meter Temperatw e (F) 86,58
Stack dimension {(sqg.in.? BELA4S629
Stack Static FPressure (im.H20D) ~&

Stack Haistur Callected (gm) 517,301
Absolute sta pressuwrelin Hg) 2079880
Average :tach temperature (F) 448,74
Fercent CQ2 Y |

Fercent 02

Fercent N2

Delps Subroutine result
DGM Factor

Fitot Constant

-179-



RADIar

SOURCE TE S T

EfFa METHODS =2 -5
FINal. e SN Ts

FLANT : HRC-7

FLANT SITE P ONORFOLE , va

SAMFL ING 1.QCATION : BRAGHOUSE IMLET

TEST # : HR-C--7

RATE T 19.,04/,84

TEST FERIQD H

13152007 STOFFED 1715-1743 FOR FILLTER AND SG CHANGE

FARAMETER RESULT
Ymidscf) PEF . IT0L

Ymldsem)

Y gas(scE)
Vi gas (scm)
% moisture
Md

Mid

M

Vs (fpm)

Vs (mpm)
Flow{ac+fm)
Flow(acmm)
Flow(dscfm;
Flow(dscmm)
%I

L EA

-180-

Program Revision:

27.451449
401, 5955
11.37318
29,29374
s TOT70OHT7
286218

- -

L LA B don)
LI v U

Ho7.1928
SO0 TART
243,659
H. 202114
29.81809
L.826848
116,288
283.59a81

1/16/84



17152002

FaDIa SO E TES T
EFAa METIHOD =
FAaRT ICUL ATE (_OabD I NG

FILANT
FLANT

S1TE

SAMFLING LocaT

TEST #

DATE

TEST FERIID
STOFFED 171%-1743 FOR FILTER AND SG THANGE

FARA HETFF

Tatal Grams
Grams/dsc¥
3rams/act
Grains/dsc+t
Srains/ acf
Grams/dsoam
Brams/acm
Founds/dsct
Founds., arf
Founde 7 Hy
A lograms, e

¢t HRC -7 e F L TER = TUTAL
T MORFOLE g
10N ¢ HHhHuHTt [NLET
: HR - 7
: 10!04!84

leter Total

0,.7012000 1O, 1393000

Q.0007234 Q. 0104709

O, O00TDH0 Q. Q0 2142

Q.0111618 Q. lalfBans
- 00354468 ,H\ﬂ‘“4ﬁ

QO,02553472 -

0.0104%508

D 0000016

00000007

O 0095530 1 38273=

L, D04 ITID WdR G TR

Program Revision: 1/16/84
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RADTAN SOUIRCE TEST
EFAa METHOD =
FARTICULATE LOADING
FLANT

: HRC=7-——-3M—ewmm M
FLLANT SITE : NORFOLE , va
SAMPLING LOCATION : EAGHOUSE [MLET
TEST # : HR-C-7
DATE 1 10/04/34

TEST FERIOD :
13152002 STOFFED 17151733 FOR FILTER AND SG CHANGE

FARAMETER 3 Micron Cyclone 1 Micron Cyclone
Total Grams 3.2277000 QL 3922000

Grams/dscf
Grams/acf
Grains/dscf
Grains/acf
Grams/decm
Grams/acm
Founds/dscF
Founds/acf
Founds /Hr
Kilograms.: Hre

Q.0O0I3298
0,001 3624
Q.OS13792
O.0Z10217
0.1175761
0. 043481060
O, QOOOGT

O, 04TIT7Z4

O, Q00%078
Q. 000073
0, 0078349
Q. O0R:
Q.01 79295

Q, 007 IEER

QL D0E7054

0,.019944K72 O, 0030418

Program Revision: 1/16/84
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FaD I ard SOLIRCE TES T
EFa METHOD =
F5¢§F?“FIIC3LJL_¢§1‘EE LA L s
FLANT : HRC—Tmnw~;1Hw~~~mPRUEE+1QM
FILANT SITE NORFOLE , wva
SAMPLIMG L. QCATION BAGHOUSE [NLET
TEST # HR--7
DATE 10/04,34
TEST FERIOD
13135-2002 STOFFED 17151743 Firg FILTEFR AND SG CHANGE

¥ an ¥ gp am

FARSMETER 10 Micron Cyclone

Total Grams S.6F71000
Grams. / dsc+f Q.00S8774
Grams/acsF Q. 0024047
Grains/dsc§ Q. 0FDER T4

Greains/act
Grams. dscm

Grams ./ acm O, 08245107
Founds /dsc § . 000G Lm0
Founds ., acf Q. 0000053
Fournds S He O, 0778140
Eitoagrams /He 0L OTSRZ04S

. Program Revision: 1/16/84
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EFa METHOD ==
(FRAW DAaTA)Y

FLANT :

FLANT SITE 3 MORFOLE |, wy

SAMPLING LLOCATION - EROHOUSE QUTLET

TEST # : HR-D-7

DATE 2 10/504.,34

TEST FERIOD 2 13201950
FARAMETER VALLLIE
Sampling time ‘mim.) 370
Barometri¢ Pressures fim. Hg) T0.24
Sampling nozzle diameter (in.) 1.232
Meter Yolune (Cu. ft.) 1112, 2
Meter Fressure (in.H20) . ?
Meter Temperature F) 110, %
Stack dimension (s9.im.) ST, 454629
Stack Static Fressure (in.H2O) ~-11
ZFtack Moisture Collected (gm 8676, 401
Absoclute stack: pressure(in Hg) 29.43118
Averaqe stack temperature (F) IO 5534
Fercent C0Z2 5. 26
Fercent Q72 14,5
Fercent N2 ) TR.16001
Pelps Subroutine result 4.63111
OGM Factor . 738
Fitaot Constant .34

-184-



FAaDITar SOURCE
EFAa MET HODsS /2=
FIralt. HFHEStUILL TS

FLANT 1 HRD-7

FLANT SITE MORFOLE |, YA

SAMFPLING LOCaTION BAGHOUSE GUTLET

TEST # HR--0-7

DAETE 10.03/33

TEST FERIOQD 1320 -19%0

— e

o8 ¥ a2y ¥ gy a

FARAMETER

RESILT

Ymildse i) 1030, 481
Ymildscm) 29.18322
Vw gasiscf) 409,.0923
YW gas (scm) 11.588%
% moilsture 28.31 745

Md

Mild

MW

YsOfpm)
Lmpm)
Flowiacfm)
Flisw{acmm)
Flow(decim)
Flowidscinm
%1

“ EA

Vs

Program Revision:

-185-

. 7158259
LS. Eg4g

AL TN

1.0%47
LHTFL 1594
7L ATR60L
131,215
S.71%841
B0, IS4

1/16/84



RAaD iad SOURCE TEST
EFa METIHOD <=
FART ICUILLATE L.OAD NS

FL.ANT HREO -7 o e F I TER - =T THEL

FLAMNT SITE NORFQLE , YA

SAMFL TNG L OCATTON BAGHOISE QUTILET

TEST # HR~-D--7

OARTE" 107,037,354

TEST FERIOD 1320--19350

FARAMETER Filter Total

Toatal Grams O, OO7IO00 O, OS5SI000
Grams/dscf QL 0000071 0, 00005472
Grams act O, DOOOOZS O, 00002643

Grains/desc+
Grains/act
Grams/dscm
Grams/acm
Founds/dscef
Founds. ac+t
Founds /Hr
tilograms/Hr

Q,0001093
O, OOOOSAR
£, O0OO2T01
0, 0001219

QL0001 230

O, 0000OS58

1, DOO08TT70
G, 0004080
0,0019154

0. 0009737

O, O0O0OG00 1
O, Q0003317
O, OO0ng27

Program Revision: 1/16/84
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-

FADIAN SOUuURCE TEST
EFa METHOD =
FARTICULATE I_ OAD I NG

FILLANT
FILLANT SITE
SAMFLING LOCATION
TEST #

DATE

TEST FERIOD

FARAMETER

Total Grams
Grams/dsc#
Grams/acf
Grains/dsc+
Grains/act
Brams/dscm
Grams/acm
Founds. /dscf
Founds/ acs
Founds /Hr

Kilograms/Hr

? HRD-7-—-PROKE RIMNBE--—-A1 30 10N
: MORFOLE , wp

: BAGHOUSE OUTLET

: HIR-D-7

: 10/04/34

1320-195%0

10 Micron

0. 0324000
0, 0000782
0. 0000138
Q. QOOS900
Q. 00028786
ND.0013501
0.0008531

Q. QOOO0O0O0
O, OO0LHLIT
Q.0003T071 1

¥ BACK -HALF IMFINGER AMNALYSTS WaS NOT REQUIRED

Program Revision: 1/16/84
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124%-194% STOFFED 1600-

raDIant sSo
EFrFa METHO
(FRAW DATA

FLANT

FLANT SITE

SAMFL ING 1LOCATION

TEST #

DATE

TEST FERIOD :

1650 FOR FILTER AND

URCE TEST
D =25

>

HRC -8

NORFOLK , A

EAGHOUSE INLET
HR-C -8
10/05/84

36 CHANGE

1705-1730

FARAMETER VALUE
sampling time {(min.)? 545
Rarometric Fressure (in.Hg) 30.36
Sampling nozzle diameter (in.) 1.225
Meter Yolume (cu.ft.) 888. 3469
Meter Fressure (in.HZO Q7L
Meter Temperature (F) 0,19
Stack dimension (sg.in.) =5.45629
Stack Static Fressure {1n.H20) -&

Stack Moisture Collected (gm) 8321.8

fbsolute stack pressure(in Hqg)

average stack temperatu
Fercent CO2

Fercent 02

Fercent N2

Delps Subroutine result
DGM Factor

Fitot Constant

~188-

o3.91882
339.4348
bH.72
13.463
7?.4
3.2413708
. 7?91

.84

re (F)

FOR FILTER



RADIAN SOURCE TEST
EFAa METHODS =—5S
FINAL RESULTS

FLANT

: HRC-8
T FLANT SITE : NORFOLE . Y&
SAMFLING I_OCATION : BAGHOUSE INLET
TEST # : HR-C-8
DATE s 10/05/R84

TEST PERIOD

1245-1745 STOFFED 1600-1650 FOR FILTER AND 3G CHANGE 1705-1730 FOR FIL IER
HECK Ok ! !

FARAMETER RESULT
Vm(dsct) 359.4727
Ym{dscm) 28,34027
Vw gas(scf) IP2.372
Vw gas (scm) 11.112

% moisture 31.343758
Md . 6865645
Md 29.5544
MW 26,0015
Vs (fpm) aS5. 2005
Vs (mpm) 199,7563
Flow(acfm) 243.2263
Flow(acmm) 6£.88817
Flow(dscfm) FR.0255
Flow(dscmm) 2.776032
“Z 1 115, 3363
“% EA 137.8708

Program Revision: 1/16/84
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RADIAN SOURCE TEST
EFA METHOD =
FAaRTICULATE LOASDING
FLAMT HREC-8 - — e FILTER----TOTAL
FLANT SITE NORFOLE , va
SAMPILING LOCATION BAGHOUSE IMLET
TEST # HR-C-8
DATE 10/05/84
TEST FERIQD :
1245-1745 STOPFED 1600-1650 FOR FILTER AND 3B6G CHANGE 170S5-1730 FOR FII_TER
HECK Ok 11

FARAMETER

Total Grams
Grams/dscf
Grams/ac#
Grains/dscf
Grains/acf
Grams/dscm
Grams/acm
Founds/dsce
Founds/acf
Founds . Hr
1lograms/Hr

02,.8114000
0,.0009441
O, OQOTROS
0.01426870
O, 0058708

O.O0333350

Q.0134347

0.0122434
Q.0055538

Program Revision:

~190~

Total

?. 4205000
Q,0109608
Q,00443174
0.1691250
0.0681610
0,387025%
0.1559797
0. 0000242

0.1421480
Q.,0644779

1/16/84



RAaDIanN SOURCE
EFA METHOD S

FARTICUIL. ATE LLOAD ING

FLANT

TEST

- TEST FERIOD
1245-194S STOFFED 16&00-1650 FOR FILTER AND SB CHANGE 170S-1730 FOR FILIER
HECK Ok

2 HRC-B+-——-IM—-uec |
FLANT SITE : MNORFOLK , va
SAMFI ING LOCATION : BARGHOUSE INLET
TEST # : HR-C-8
DATE T 10/0%/84

FARAMETER 2 Micron Cyclone 1 Micron Cyclone
Total Grams 2. 6EPTI000 2, 4880000
Grams/dscf D.00T1347 Q. 0005673
Grams/ac+ D.00126472 Q. 0002288

Grains/dscf
Grains’/act
Grams/dscm

0.,.0483991
O, 0195055

Q. 1107566

Q.00837510
a, OO J09

0.02003887

Grams/acm 0.0346373 Q. 0030800
Founds/dsc+ QL 0000049 D,0000013
Founds/acf 0. 0000028 QL O000O00S
Founds . Hr Q. Q306790 Q. 0O0734835

¥iloqrams /Hr 0.0184%519 0. 0033301

Program Revision: 1/16/84
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RADIAN SOURCE TEST
EFA METHOD S
FARTICULATE LOADING

FLANT : HRC-8---=i M=~ ~~FRORE+1OM
FLANT SITE : NORFOLK , VA

SAMFLING LOCATION : BAGHOUSE INMLET

TEST # ; HR-C-8

DATE : 10/0%/843

TEST FERIOD

1245-194% STOPFED 1600-1650 FOR FILTER AND 56 CHANGE 1705-1730 FOR FILTER
HECK Ot

FARAMETER 10 Micron Cyclone
Total Grams S. 3617000
Grams/dscf 0, 0062784
Grams/act 0,0051432
Grains/dscé 0., 0962579
Grains/ac+f 0.0387940
Grama/dscm Q, 2202765
Grams/acm 0,0837762
Founds/dsc¥ 0,0000178
Founds/acf O, OO0OOGSS
Founds /Hr O, 0809039
Kilagrams/Hr 0.0366978

Program Revision: 1/16/84
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FAaDIAaN SOLIscCE
EFA METHOD <r.o.ox

(AW DaTa
FLANT HED-g
FLANT SITE MORFOL K
SAMPLLING | OQCATION
HRE-0--8
DATE
TEST FERTIOD

FARAMETER

Sampling time (min.)
Barametric Fressure {im.Hg)
Sampling rozzle cdiameter {(in.)
Meter “Yolume (cu.it.)

Meter Fressure {(in.HZ0)

Meter Temperature (F)

Stack dimension (8@.im.

Stachk Static Fressure (irm.HZ0)
Staick Meoisture Collected ‘qm
Absalute stack pressuwradin Hg)
AYErage stack temperaturs (F)
Fercent COZ

Fercent 072

Feroant N2

Delpe Subraoutine result

biGM Factor

Fitot Constant

~193-

« wER
BAGHOUSE QUTLET
10/ 0% -243
12340-1910

TEISST

VAL UE

30
0

1.2

108%,77

P51
72,75

4. S[0TRLE
- 64



FKAaDIAa SOUWRCE TES T
EFA METHODS 2 -5
FINAL RESUWUIL. TS

FLAMT HRD -3

FLANT SITE MORFOLE , VA

SAMPLING LOCATION BAGHOUSE QUTLET

TEST # HR-D~-3

DATE 107°0%/84

TEST FERIQD 12401910

FARAMETER

Vin{dsc )
Ymldsom)

Y gae (scf)
Vw gas fsam)
“omnisture
Md

M

Ml

“Ys (fpm?

Ms o (mpm)
Flowlacfm?
Flow(acmm)
Flow{dsctm)
Flow(dscmm)
LA |

% EA

RESULT

1021 .54
28.9I02%
437,155
12.343687
S0, Q64467
HIFTERT
27.5868

26, 10727
JO1.5482
213.8867
26043717
7.378406
126. 945

T.S9PReTL
FT.THETR

2560212

Program Revision: 1/16/84
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abD I AN SOUIRCE
EFEa HMETHOD 5
FaRT ICuUL AaTE L.C1AD I NG

FLANT HRD~-8=--F ILTER----TQTAL

FLAMNT SITE MORFOLE . VA

SAMPLING LOCATION BAGHOUSE OUTLET

TEST # HR-D-2

DATE 10 /05784

TEST FERIQD 1240-1910

TESTYT

FARAMETER

Total Grams
Grams/dsct
Grams/act
Grains/dscf
Grains/act
Grams /dscim
Grams/acm
Founds /dsof
Founds/act
Founds 7 Hr
bilograms Hr

Filter

0. 042000

O, OO0O020
O, OOODNLIS
QL OO0OT0S
O, 0001452
G L 0OO0O708

O 000000
IS PR IRIRIAT D ]

G, 0000313

Total

0, 1376000
O.00017T47
0, OGONESDT
0. 0020784

A

0,0010135

Program Revision: 1/16/84
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RamnDTand
EFa METHOD

SOUUIRCE

—f

T

EST

FARTICLIL ATE LOADI NG

FARGMET

FLANT

FLANT SITE
SAMPLING LLOCATION

TEST #
DATE

TEST FERIOD

ER

Total Grams
Grams/dscf

Grams/a
Grainss
Grains/
Grrams / o
Grams/a
Founds /s
Fouwnds s/
Founds/

ct

dscf

& f
sCm
cm
decf
acf
Hr

Filograms/ /Hr

X

BACK -HALF

10 Micron

« 1 3313000

0001285
O, QO00&27
Q,00193328
0O, D0O0NILLD
0. 0045384
0. 0022126
Q. 0000003
O, nn“1=qn
Q. Q0OP79

HRD-8-
MNORFOLE
GAGHOUSE QUTI ET
HR-D-2
10705
1340

84
1391

~-~PROKE RINSE

ll"l A

TMPINGER AMNALYSIS WRS MO

Program Revision:

-196~

HEGQUIRED

1/16/84

LS50

210M



APPENDIX C
CONTINUOUS EMISSIONS MONITORING DATA

Appendix C ‘contai

ns tabular summaries of the continuous monitoring data
for each test run.
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TABLE C.1 CONTINUOUS MONITORING DATA--RUN 02

TIME sy ca o2 so2 0% THC
[QAVD ] (FEMY (AV) (FEMV) (FEMY) (EPMYy
Tasxmmss == ==a PP y—
1200 12.6  1479.2 7.2 8.7 130.1 T6.2
1223 12.% :380.3 7.3 4%8.7 182.2 Z6.8
1212 2.2 tITs. 7.1 234,73 193 2.7
1218 12.3  1229.0 7.4 8.8 196.5 18.9
1229 11,7  1089.7 7.7 a7@.a 138. 4 Iz,
122 11.9  1038.2 7.3 431, 3 89,1 tT.4
127 12,1 124@.9 T3 471,43 191, 3. 9.5
123 2.2 53%0.9 7.2 191,53 179.7 9.4
1230 11.2 10s4.4 7.8 39%. 4 0.3 2.3
1700 12.2 96%9.2 7.2 aza, 201.3 T1.3
1328 12.4 16,5 T.e 97,3 196.8 z6.%
1210 12.9 825.8 5.7 T68.9 196.9 t2.a
S| L2, azt.a 5.9 T8Q.6°  ZaT.S 3.3
172 1241 TE4.2 7.3 400.32 195.9 bt W
1738 2.8 T17.9 7.5 =75, 1927 *8.4
1378 12, 5517 7.4 T8%. 2 19%.3
133 1.7 64,4 7.4 T899 192.7
1730 18.7 63302 3.5 a78.% 227.2
1339 1@3.3 £47.% 3.3 4:8.% 2e0.9
Tse t2.1 516.2 2.1 <o:.7 179, %
188 ‘3.1 5%9.3 @.2 395,3 4.7
11080 133 £81.3 9.1 373.3 225,40
L30s .t =L %.3 ST.4 aT.1
14:0 2.9 sT4.a £ <29.4 T13.3
1419 2.z <31.2 2.2 132.8 it
1429 13,3 Th.T P01 RE TIPS RS IN-1
132% 7.2 =57.3 9.5 ZII.9 T,
1472 13,2 13,1 7.3 04, b B Y
1438 H-N- =<@.1 ?.% i8@. 3 21308
1449 2.5 =<z, 9.3 ==zT. 2177
1415 2.3 S1e.3 12.2 ITT. 2214
13% i 193.3 10,3 =20.1 114
135 3.7 197.3 12,2 <T6.8 folnt W
1<2@ .S 334, 3 12.2 =37.1 It s
L=os s.7 472, 9 5.9 =4&.9 Sta.
1S “. 1 160, 7 9.5 S4&.3 a2
1%L 1@,z 210.93 8. =i, a9,
12 12.% 44,8 9.2 =25.4 J1a.2
12 2.7 ata.g 9.9 2.3 b
=T L2, 5 a:15.2 3.9 S1z.2 <ee.3
153 13.% 12s.2 9.1 528,73 4.7
1538 °.a 171.2 10.2 4739 215,07
154 °.3 T3NS 2.3 10%. 4 Z12.8
15= 1.2 Te5. 2 E2 S76.0 l0e.B
LT :a.3 TA8.7 8.7 7.6 oiT.4
1600 0.3 TES. T 2.3 =T9.4 217.a
158% 2.9 TITl2 7.4 *58.1 2av.2
1610 13,5 Tz3.8 8.7 24,7 Z1%.4
lels 2.z TTe.a 8.7 14,5 o1=.3
O ] =.2 ITT.a 1@. 4 714.7 S13.2
142 st 8.5 2.3 &671.9 ci1.8
taza 3.5 T1T.3 9.3 610.9 -ta.g
163 9.3 T26.3 10.1 Q7.7 217.3
1640 9.4 To9.2 9.9 =27.3 2243
1649 9.3 Tie.8 12,1 =28.0 2177
1052 9.9 298.3 18.6 6. S 206.7
1655 12.1 T13.4 9.5 47%. 4 Ci6.0
170@ 9.7 29%.3 9.9 a9%.9 sesa.7
1703 1.9 29@.@ -] 481.43 194.@
171@ 11.4 280.7 3.3 25,7 Tt1.2
1718 11.4 94,3 8.3 436.1 214.9
1728 1@.5 280.9 9.1 %10.9 209.3
1723 1a.1 284.2 9.9 Se8. 6 21,3
1778 10.4 263.4 7.3 16,9 218.8
17T 10.8 o82.7 9.t as2.7 212.7
1740 9.6 250.1 12.2 469,5 211.0
1743 9.6 243.9 9.9 269.4 213, I3
750 9.1 Isa.s 18.4 627.3 oes.1 Ta.9
1753 9.8 263.1 18.5 650.5 J14.4 1.8
180@ 8.8 247.9 18.6 =86.9 211.6 T6.8
1899 9.7 248.7 9.9 %61.3 tes.4 6.4
- 181@ 9.7 J31.4 18.1 583.3% 12,2 6.6
1815 12.2 aT.s 9.4 S16.48 24,9 IT.
182 10,4 2%9.3 9.2 S528.4 le7.@ 27.%
1828 10.8 244.3 8.7 4846.48 211.7 9.8
183 8.3 2.9 9.2 S12.7 211.8 IS.32
NO. PTS, he'S 74 s 76 78 7
MEAN 12.3 =26.8 9.2 TR, & 207.9 29.3
STD. DEV 1.1 0% 9 1.1 72.7 18.7 a.7
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TABLE C.2 CONTINUOUS MONITORING DATA--RUN 03

TIME o2 co coz so2 NOX THC
[¢A%S] (FFMV) (YA (FFMY (FEM\') (FFMY)
= === == =S==z=m cz=== == ==z=s=z=z= =z=====
1729 4.5 3.3 2.7 47.z
1228 4.9 7.9 Ioe.8 49.4
1710 4.9 8.2 palaindt 32.32
1218 4.9 &IL96.7 8.2 211.6 7.2
132 4.9 412719.2 8.3 2%2.4 22.1
1725 4.7 T2427.2 2.9 I56.7 9.2
1278 4.7 24022.% 8.3 24%.5 Z1.9
1775 5.8 19B79.2 8.1 TTo.2 Se.7
17409 I.2 1B119.4 8.1 <Rs.8 11.3
1245 S.2 1578%.7 3.1 T0s.4 St.1
LZS S.2 14191.3 8.4 II8.T 3.0
135S .27 1Zo74.0 8.z II2. 82749.9 S9.4
1302 4.9 11914.7 2.2 -88.5 S9992.9 37.5
140% S.1 1@817.2 8.9 T54.2 48314.7 67.0
1412 5.5 102%90.5 8.2 285.8 Z9s5e0.@ S57.9
1415 S.S 8942.1 8.2 224,37  I2459.7 19.0
1420 S.7 82%8.7 8.2 T@T.7 C8&7%.S I3T.6
1425 5.7 8456.2 8.3 324.1 ZI7471.4 S.6
1472 S.S 8511.¢6 8.7 T4S.9 24829.0Q 4.0
1473 4.5 B6469.5 11.2 &2@.1 2277T.4 64.3
1442 4.2 ThHI2.L 11.8 =94.S 18870.8 &47.2
1344S5 .9 7147.9 11.7 S92.5 16SB2.2 I9.2
1452 2.9 118%0.1 14.1 1a11.2 1872@.8 1046.1
1455 .4 8B%7.2 12.9 78&4£.3 1S741.1 38.2
1520 S.3 S52%59.4 9.7 S13.5  1I9s1.S S8.4
1505 &.7 7@8I.3 3.7 414.2 1759201t 4zZ.6
1212 7.1 4207.2 7.1 T14.7 12TS6.4 8.8
1215 7.2 40502.8 7.1 TiB.T 117I1.1 T6.8
152 7.3 4356.9 7.2 74,1 1189@.7 9.4
15235 7.4 T806.6 7.2 I3T.T 1@77%.2 Z8.1
1370 7.8 I957.7 5.7 2946.4  1R972.2 2B.?
1528 7.9 IBTt.1 6.8 T46.0 10633Z.1 4.0
1342 7.9 7B47.0 8.1 T73.3 10@26.4 4.9
1545 6.3 TILT.7 9.3 49I.%9 8792.2 346.4
1550 &.7 T472.7 9.2 479.4 | B84QI.9% IS.0
1559 6.2 TIT26.2 9.7 S0s6.2 260.2 8.7
14202 &.7 II%e.z 9.2 451.7 8461.73 I4.4
1603 7.3 IP1I.S 7.2 40@2.4 3185.8
1510 7.9 275z.8 7.9 273.1 Th62.% 2.7
1619 B.1 Te22.C 7.7 Te%.7 7762.7 74.5
1420 7.8 I983.6 B.4 443.1 TI1T.0 T4L7
1625 B.1 I801.1 8.2 IRE.T Tit1.1 et
14620 B.5 2710.9 7.7 Th7.T 4887.S T2
1675 8.6 2B87&.8 8.2 40S. 1 6991.5 5.2
1542 8.2 2852.6 3.3 419.8 &794.6 14.2
1645 7.7 24223 .2 482.7 6422, 7 7.3
1465Q 8.2 2471.0 8.8 463.1 6744.2 22.6
1655 8.1 Isez.2 .1 493.3 6Z74.5 .
172Q 7.9 zIsa.7 9.4 318.% &RQ77.3 4.7
1705 8.7 232, 2.8 450.2 SB7T.9 19.4
1710 8.8 2@73.35 8.5 4737.4 33557.6 Te.?
1715 8.% S264.7 8.7 465.0 548T.9 31.2
1720 8.8 2165.48° ?.1 4%6.7 =28s.8 6.7
1725 %.9 1996.3 8.1 T6S. 1 S032.4 l&.9
1770 ?.9 19425.0 8.3 T352.9 S285.0 I.8
17323 12.1 1981.2 7.8 z2s.8 4726.6 7.7
17302 10.2 1943.9 8.3 I70.2 4794.0 29.7
1745 18.0 135@.7 B.3 411.2 4u54.4 8.4
1750 18.2 1864.7 8.8 447T.0 S18.% 18. 4
1755 12.2 1957.7 9.2 481.4 44%2.2 3.9
NO. PTS. &0 T8 -1 &2 S1 =34
MEAN 6.8 11210.4 8.7 404.2 20963.% I9.4
STD. DEV. 1.9 23T763.4 1.2 120.9 T66D%.6 18.2
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TABLE C.3 CONTINUOUS MONITORING DATA--RUN 04

TIME 02 co co2 sQ2 NOX THC
(%V) (PPMV) %2V (PPMV) (PPMV) (FPMY)

1239 11.7 649.8 7.4 118.2 216.9. i32.5
1233 11.8 724.5 7.6 119.5 213.4 266.0
1240 11.2 496.1 8.2 178.9 219.2 221.32
1243 11.4 714.3 9.2 1235.6 220.9 - 216.0
125@ 11.1 &340 8.4 147.3 209.3 196.0
1233 1.4 673.4 8.7 148.5 22e.s 176.4
1300 183. 4 &598.7 S.2 143.9 l@9.7 166.0
1303 12.4 &73.2 8.9 158.38 2es.8 152.9
1312 1@. 4 69Z.2 9.2 159.8 219.9 166.7
1213 190.4 621.8 9.2 149.4 J14.0 149.7
I3 11.9 487.2 8.3 127.% 212.9 17Q.2
122 1.3 643.3 P.1 140. 6 J13.7 170.4
1332 12.3 T04.7 8.7 124.7 217.2 129.7
1333 10.4 &89.7 8.7 124.4 J19.7 126.7
1240 1.4 444.3 8.9 131.3 216.3 117.7
1345 1.8 &77.1 8.4 121.2 216.5 187.%9
1730 11.4 669. 4 7.9 113.7 2185.8 109.3
1335 11.6 683.2 7.7 1238.9 2le.3 100.9
1420 11.6 740.8 7.7 139.5 224, 191.2
1425 11.6 69Z.1 7.8 121.2 211.2 P6.1
141@ 11.8 &£95.6 7.3 112.7 216.4 98.7
1413 11.9 730.2 7.3 118.1 2.7 3.1
1429 11.7 487.48 7.3 120.9 2e8.4 83.7
1423 11.2 770.6 T.9 123.5% jrond P4 89.1
1470 1.9 643,73 8.1 9.4 14,2 86.Q
1433 11.2 778.6 7.6 129.4 219.9 B89.4
1442 1a.7 448.8 8.2 121.9 22s.8 37.@
1443 11.1 668,56 7.9 149.2 213.7 Z8.1
1430 11.9 739.9 7.7 172.2 J18.4 78.9
14558 10.8 747.2 8.4 210.8 J12.8 73.2
15@@ 10.8 774.6 8.2 240.1 207.4 72.3
1503 11.8 694. 6 8.1 S41.s Z0Q.9 68.1
1510 11.4 478.7 7.8 2i78.4 pal". - ih 1 49.3
1513 11.3 a18.1 7.7 286.4 293.4 72.6
132e 13.3 722.7 8.3 I48,.2 2e3.7 635.8
1353 11.3 s71.5 7.8 379.2 2e8.2 &1.9
15338 11.1 £49.7 3.8 277.3 2es.7 42.0
1540 10.9 £87.9 3.8 308.3 2108.8 48.0
1543 1a.3 &£97.2 S.2 I43.9 218.0 32.2
15358 11.3 b64.4 6.1 T42.0 2l8.2 48.2
153S 1.7 711.1 s.3 418.3 TTa.3 &.0
1608 12.6 715.89 S.4 8.9 2i13.0 6.0
1603 13.6 729.7 3.4 41Q@.s8 S18.6 4.0
1618 11.6 738.1 5.8 570.2 21%.6 5.2
14613 12.a 72%9.7 T.a 658.4 206.9 6.@
162 11.4 ba1.4 7.2 S92.5 2le.s 2.2
14633 1.1 720.4 7.2 40Z. 4 2l8.@ 42.2
1632 11.8 6837.2 7.1 BI9.2 22s8.02 42.2
1633 12.8 687.2 7.0 813.9 226.8 2.2
1440 11.8 &78.6 7.0 7B3.1 22607 12.09
14643 11.8 &&69.3 b.6 T47.2 272.9 18.Q
1650 12.0 564.56 b.46 662.4 21,3 70.2
1653 11.1 663.0 6.3 See.? 2Z2. Te.a
170@ 11.3 &£335.4 8.7 S146.7 222.4 2.2
17Q@% 11.4 487.2 6.6 428.8 192.@ 2.2
1710 11.5 682.2 $.8 671.8 189.% 7.2
1718 11.38 441.4 7.1 741.4 195.7 4.2
1720 11.3 6608.02 6.4 622.0 199.3 26.0
17238 11.3 641.4 6.3 &462.9 l00.7 2.2
1738 11.9 627.5% 5.8 72T.3 <00.7 z0.2
1733 11.3 &87.9 6.2 614.7 208.7 Ie.e
1748 11.9 617.3 7.2 706.0 198.2 Je.a
1743 | 1:.8 669.3 7.2 497.8 Jez.2 a.a
NO. PTS. &3 b &3 43 &3 &3
MEAN 11.2 683.8 7.3 T41.1 J14.y g2.2
STD. DEV. 2.3 38.4 1.@ 241.2 9.9 62,8
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TABLE C.4 CONTINUOUS MONITORING DATA--RUN 06

TIME a2 cg 3c2 NOX =T
[ (FPMY) (PFMV) (FRMY) FPMY)
amanmax
1200 11.2 24628.7° a.3 s82.2 197.3 1421
1203 11.1 682. d.6 527.9 194.2 179.4
1712 2.6 2572.7 8.9 549.4 19@.7 144.2
1713 1.2 I7It.1 8.2 68,1 B
1120 12. 2618.¢ 7.8 aa7.1 bt
1228 12.3 2T95.0 7.5 aas.0 =
1220 12,1 Z8%t.7 7.8 47%.9 Jil.a kS
122 11.7 ~see,? a.37 2.7 1.7 =
1238 11.4  2732.7 8.7 550.7 J17.4 .2
1243 9.3 <ove.3 10.2 718.4 17.2 -
1252 Q.6 3048.3 2.4 724.0 7.1 3
1233 9.7 2796.9 10.4 7i1.1 te7.4 o1
1402 7.8 T452.4 12.2 893.3 23i.48 a
1403 7.1 TIvs.2 2. 972.1 o A} 3
1410 .8 Toas.l 13.7 1337.2 48,9 z.8
1319 .2 12,7 4.0 1258.9 220.3 1
1420 6.7 A543 12.9 1187.4 It.a ]
1329 8.z Te83.° 10.9 are. 4 193.8 3
147 6.8 IT@L.T 12.5 761.1 189.53 Q
1438 9.9 1713, 2.9 7146.7 182.1 .2
1848 2.7 1%17.3 9.1 636.7 132.3 a
134% 11.9  1347.4 8.t s44.8 169.1 2
1a5@ 1.9 1448.2 7.3 440.9% 1%9. 6 9
1483 12.4 1882.5 7.8 472.3 179.3 3
&1 ] .2 1406.6 7.8 4342 17%.9 7
153 17.8 1976.7 7.3 408.2 164.2 s
1518 12.8  1784.48 7.0 9.8 148.4 122.4
1518 12.6 1846.3 6.6 3I7.5 186.6 127.8
152@ 17.7 1918.9 &7 ps- P 1.8 146,18
132 1.5 c1838.9 4.8 T47.9 210.7 222.s
1539 11.8 3es.T °.2 49%. 4 ozt 15,3
153 18.% os18.35 e.” <
=40 11.1 1913.8 8.3
1243 11.9 1822.2 8.2
153@ 12.1 17ez.2 7.8
1953 12.7 Ti15.3 8.2
1598 14.Q 833.7 8.7
1688 12.3 Tes.s a.1
1610 12.8  T186.9 8.2
1613 .2 21748 8.1
1620 11.9 cas3.S a.8
162 11.4 Q24,2 °.@
147 11.4 1934.6 a.9 1.t
1438 1.7 1789.8 8.1 122.1
1648 12.4 1861.8 7.8 3I7.@
1645 12.3 19346.9 7.1 eI.7
1632 1982.7 6.7 7e.2
1455 13.9 Zee8.3 6.6 n9.%
178@ 13.7 21%9.9 6.7 108.%
1703 1.2 l141.2 6.9 128.7
1710 .2 Z%6.8 7.2 38.2
1713 12.8 22as.T 7.5 IT.Q
1720 12.4 24,7 7.9 122.8
h e 1.9 joi-A- it 8.8 128.3
177a 11.4  2I9Q.6 3.9 HES- g
173 13.9 2348.8 9.4 3T.6
1740 11.4 ses.e a.7 104.1
1743 11.7 2477.4 8.3 128.%
1738 1.8 2S47.0 .4 108.0
1758 11.% 2Zes.3 a.3 171,
1888 11.9 .3 9e.%
1805 11.6 8.8 124.4
I3 37} 11.3 a.a 97,1
1813 18.8 9.2 &B4.2 1266
1828 18.7 9.3 612.2 9&.@
1923 12.7 %.9 640,73 117.2
1838 8.4 9.8 593.a
1833 12.8 9.4 400,48
1848 10.4 9.3 4a7.9
1843 10.9 9.8 518.2
1098 18.1 9.8 6@84.1
1093 18.9 9.1 6£3%.3
1908 11.4 8.4 81,1
1983 1:.7 4.3 $81.%
1919 11.@ 9.3 49@.2
1913 11.8 8.1 = e
192@ 12.3 a.a S11.4
1923 1.2 8.3 329.4
L1928 1.9 a7 8.4 TTH.2
1973 11.2
1940 11.7 a.l 556.2
1943 11.3 9.1 5:1.8
1958 1.8 9.8 ava.8
1958 12.8 9.1 466.0
sees 1.1 2TAL. 8 8.8 &11.3
Zoes 12.8  2as9.4 9.2 £96.7
019 19.8 Zs808.2 S.4 48%.37
=13 1.2 Ta%8. L s.2 443,89
—oza 11.1  I302.9 9.z 88,3
ol i) 12.7 -8 .7 737.%9
2aze 10.8 2817.32 9.3 720.9
2ess 11.2 2457.2 9.2 480.9
e40 1t.1 2497.% 9.1 &72.86
NO. PTS. 92 aa 92 L3 T 82
MEAN 11.3 Z821.4 8.9 %91.2 2=7.4 117.4
STD. DEV. 1.7 ==T.9 1.6 17=.8 I2.2 T



Table C.5 Continuous Monitoring Data--Run

TIME oz cez <LZ NOX THC
[SeASD [eeAv (FEMUY CFPMY) (FFMV)

120 1.2 5.0 T19.4 S&.1 S7.9
17@5 10.35 9.4 781.5 67,2 S.8
12:2 11.8 8.3 s61.7 &Z.4 346.4
1213 11.2 8.2 678.4 S9.6 &6S.7
122 12.4 7.8 @81.2 4.2 48.S
1225 11.9 8.3 T.3 52.9 635.7
172 11.2 7.2 719.7 se.T 94.9
1775 12.02 S.1 615,70 <?.0 72.2
1238 11.7 B. s 4£B8%.8 44.43 92.7
174% 1.2 G.2 7ags.9 52.4 62.1
1795 11.2 8.7 72T.7 %R.5 76.1
1753 11.7 8.2 2=z S6.4 102.4
1408 11.8 8.3 £31.93 8.8 7%.4
1403 11.7 8.4 &87.9 69.4 39.6
141Q 2.9 Q.3 8359.7 49.45 Z.32
1315 11.6 8.4 5466.0 S7.6 7S.4
142 11.Z 8.8 721.2 S4.2 44,7
142% 11.3 B.6 7e8s.8 S8.3 80.1
1472 11.4 8.5 577.0 S6.4 24.6
147% 12.2 2.4 817.2 Sa.4 7.1
143@ 12.7 B.7 R 1= S4.4 <.0
14435 11.12 8.8 747,02 49,3 55.5
143Q 12.9 8.8 72%.9 48.2 2.4
1455 1.2 c.4 BI?.8 47.4 7.2
152 12.7 c.2 771.0 44.2 7.1
15QS 2.5 10.1 R31.4 42.6 S&.8
110 9.9 R.6 Bl 41.z 29.6
1518 11.2 8.7 599, 4 az.6 8.2
152 1.7 2.2 £78.2 41.3% 7.7
1528 17.@ 7.8 6S4.5 41.7 45.2
197 11.9 7.7 652.2 41.4 27.1
1575 12.4 .0 <3Si.7 40.5 26.7
15402 17.Q 5.7 S45.4 4Q.2 2.4
154S 12.9 4.8 sS2.4 40.4 62.8
135 17,7 s.4 Sie.2 ai.1 77.4
158S Z.S 7.2 SBI.T 8.2 2.3
1400 17.2 6.3 AR 177.2 S9.1
160S 12.4 7.2 <17.8 167.5 48.7
14102 12,9 &.7 <95.3 167.9 48.8
1615 12, a1 620. 1 172,95 5.5
14202 12.3 7.1 S34.7 1866.6 39.4
146425 12.4 7.2 £@3.2 1B9.3 114.73
167@ 17.1 &6.7 STl.e 195.7 1592.°
1523 12.5 7.z SP3.0 225.1 °T.7
14640 12.6 7.5 =eR.7 Q4.2 178.7
1645 12.3 7.z ©87.z 198.2 8l1.7
1550 12.9 7.2 59, L 20%.9 190.9
1655 12.9 7.2 T67.02 195.1 1435.2
17020 T.1 7.1 <I6.2 26,9 161.4
1708 17.4 5.9 SSti.8 z07.2 14602.3
1718 12.6 7.5 £28. 1 199.4 1488.1
171S .3 7.2 63%9.C 206.4 15Z.4
1720 12.7 7.3 see.9 178.1 1569.2
1725 12.7 7.3 S99t 199.5 1722.8
172 12.7 7.9 £70.3 te2.9 129.6
1733 11.9 7.9 647.1 199.9 9.3
1740 12.3 7.8 639.7 lee.2 104.8
1745 2.3 7.9 &Sh. 4 197.9 199.7
175 12.7 7.2 c88.3 197.7 70.4
* 173% 12.5 7.6 475.4 195.5 134.9
NO. PTS. &0 Y] 50 42 62
MEAN 11.9 8.0 635.7 1@8.2 B4.9
STD. DEV. 3.9 2.% Q2.8 78.7 44.8
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Table C.6 Continuous Monitoring Data--Run 08

TIME 02 co o2 $02 . NOX THC
{Zvy (PPMy) tZVY (PPeY) PPMY) PPV}
1242 4.8 Ja49.8 .0 193.9 118.8 174.8
1243 4.9 27138 4.9 o81.3 l16.6 126.5
1235a¢ 3.2 27@9.9 3.e I13.1 116.1 141.9
1233 4.8 2298.6 S.3 735e.3 113.8 136.8
LT 4.4 27749 -1 Th6.1 119.4 178.1
° 13 .7 I539.3 S.3 492.4 118.3 123.2
121 4.8 26393 S.7 9.t 112.8 12,7
1315 4.8 -629.8 3.8 377.8 116.9 139.8
132 4.2 a610.2 6.3 483.a 112.8 127.@
122 4.3 l8%s.0 4.2 487.9 129.2 142.2
1378 4.8 J7a2.8 - ) %.9 1.2 132.7
1338 4.5 27%8.1 6.8 445.@ i111.9 91.2
12 s.@ to43.0 S.6 I92.2 112.@ 1%6.8
1348 4.9 laBs.T s.9 444. 4 110.8 128.3
115 4.7 7.3 6.1 se3.4 12%.8 141.7
1353 3.9 I730.3 - a57.2 185.8 126.3
14a8 T2 2&97.3 S.4 411.3 106.8 124.9
14923 s.a l747.4 5.8 487.9 110.2 178.4
181@ .1 2799.1 3.8 466.0 192.3 147.7
1413 4.5 Z176.4 6.5 323.3 104.2 151.2
1420 4.8 292T.9 6.2 S19.9 138Z.46 139.1
1423 S.2 28le.1 .8 4T3.9 102.9 158.2
1438 3.1 2924.3 6.3 464.3 12,1 143.6
1433 -4 2962, S.9 443.1 129.9 142.6
1449 .3 2971.2 .9 4s4.3 1az.3 122.3
1443 3.6 se3a.2 3.7 443.8 7.2 142.4
1458 3.6 Seze.1 3.8 448.2 97.3 138.4
1433 4.1 2929.4 7.2 S2s6.c Z11.9 151.9
1508 4.t 2893.3 a.9 444.8 109.3 14&.1
153 4.0 7.6 320.1 Tz 149.2
1310 3.9 8.1 -1 9%-) Ti7.8 191.9
1913 4.1 2746.3 8.9 668. 4 3Te.7 1346.1
1328 .7 I9ia.4 8.2 786.9 289.9 128.8
15235 5.8 2860. 6 a.e 793.1 Z97.0 120.3
1538 4.7 2332.2 7.3 T8s.3 |,z 2.
13738 4.7 2417.9 7.8 T46.3 263.2 l16.3
1540 4.3 237s8.2 b.1 491.4 28,1 i1ls.8
1543 4.2 T8 6.4 423.8 =37.7 116.8
1338 .9 2268.7 b4 ZTe.? 116.8
1553 J.4 2283.4 6.3 Is7.7 116.8
1608 7.3 2247, .3 9T.3 187. 5
1603 7.2 2291.7 S.4 0.7 116.4
1418 .3 22%8.9 6.4 249,12 19%.2
1618 b4 2417.9 4.3 281, 11:1.2
1628 Z. T808.1 7.8 273.8 111.@
1633 Z.3 2337.3 &.9 253.4 111.0
167@ z. 2433.0 7.4 7.8 122.7
1633 z. =332, 7.3 z70.7 a4
1648 I.7 2447.8 7.4 278.3 2.7
1643 .8 2283.6 7.3 2746 122.7
1458 s.a 2268.7 7.2 <63.6 116.8
1633 LN} ZlT8.8 7.2 <723 18s.2
170@ 4.1 22%%.7 7.2 72.3 11:.2
1798 .2 23%8.2 6.8 <61.7 183.2
17:e .9 2289.2 7.a <43.8 1e3.2
1719 3.9 2194.3 4.5 277.8 111.@
1729 .9 2189.3 7.2 249,y 99.3
172 .7 Z417.9 6.8 Zsa.e 9.8
1738 .8 2784.3 4.5 444.8 82,3 97.3
1738 6.8 478, 1 264.8 87.s
1748 7.7 492.3 Z44.8 93,
1743 6.9 439. 9 283.6 134.4
1738 7.8 329.2 362.3 144.1
1733 7.3 994.7 276.6
1908 7.4 4971 7.6
1003 7.2 923.6 292.3
1818 7.3 322.8 <91.1 149.2
1819 v.4 Si6.? Jee.1 163.6
1829 a.3 333.8 296.2 163.56
1823 8.7 5=8.1 293.4 169.4
1938 a.1 579.2 T08.9 169.4
1833 7.3 S69.3 315.@ 111.8
1848 8.1 397.4 69%4.48 186.4
1843 8.2 623.5 &24.1 181.6
1898 8.3 632.8 491 .9 119.2
1833 7.2 311.9 4303 493.3
1998 7.3 32e.7 428.6 Je4. 6
- 1710 7.0 590. 6 374.0 443.4
"9 7.3 544.3 3468.3 523.¢
1928 7.4 S547.2 347.7 &613.8
1923 7.3 348.3 l84.0 436.4
1938 7.9 S59.¢ 304,48 618.2
1933 7.4 S44.8 29%.4 343.9
1948 7.4 581.2 283.1 S63.3
NO. PTS. a8 2 | 4 84 a1
3.2 2449.3 6.8 493 239.3 176.4
STD. DEV. 2.2 279.8 8.9 78.6 116.9 141.8
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TABLE D-1.

18723/85S.

APPENDIX D

NBS COAL FLY ASH DATA

FOR SAMPLE NBS COAL FLY ASH STANDARD.

analvst samole i.dg.:

1633A

Q!t.ﬁlll!tttt*t’!ttl!tltlﬁl!ltllﬁltttlﬁll!t

GRAMS OF SAMPLE ANALYZED = 0.49250

AS:
CD:
CA:
CR:
Cu:
FE:
PB:
MG :
NI:
SE:
NA:

ZN:

TOTAL
MICROGRAMS
FOUND

(ug)
AXENTRRRAADR

63.9%90

0.8650

73%3.00

64.189

18.3¢0

NBS
MICROGCRAMS

(ug)
AXXXAXRARRR

71.41 ¢/~ 7-

0.493 +/- 0.07
96.53 +/~ 3.0
58.12 +/- 1.8

35.648 +/- 0.19

62.55 +/- 1.9

108. 4 +/- 4.9

-204-

WEIGHT
PERCENT
FOUND

(%)
RERNNRR

0.8213

NBS COAL FLY ASH SAMPLE ICAP ANALYSIS/NOT ASHED

E.V. Robb PACE 1 OF 2

©-14/NBS Coal Fly Ash/not . ashed

NBS
WEIGHT
PERCENT

(%)
RARARRRARAARR KK

0.45% +/~- 0.01



TABLE D-1.

NBS COAL FLY ASH STANDARD 1433A CONTINUED:

E.V.R..08/23/85%

analvst sample i.d.:

p-14/NBS Coal

PAGE

NBS COAL FLY ASH SAMPLE ICAP ANALYSIS/NOT ASHED (Continued)

2 OF 2

Fly Ash/not . ashaed

AARRA R RN R ARNAA R R ARNAAARNEIR AR AR RRAAANREAANRAAARNRRRARAANIARRANRRRARRERN

THE
FOR

AL:

8B:

BA

CO:

T1:

FOLLOWING METALS ARE NOT CERTIFIED,
INFORMATION ONLY.

TOTAL
MICROGRAMS
FOUND

(ug)
EXARXAXXRRNR

NBS
MICROGRAMS
NOT CERTIFIED
(ug)
AARXRAXXRANKRNAR

22 .66.

93.58

147 .8

-205-

BUT ARE GIVEN BY NBS

WEIGHT
PERCENT
FOUND

(%)
ARRAXXAR

7.354

0.7284

NBS WEIGHT
PERCENT
NOT CERTIFIED
(%)
ARRARRARANRRS



08/23/85. E.V. Robb

FOR SAMPLE NBS COAL FLY ASH STANDARD, 1633A

TABLE D-2. NBS COAL FLY ASH SAMPLE ICAP ANALYSIS/ASHED AT 110°C

PAGE 1 OF 2

analvst samole i.d.: p-18/NBS Coal Fly Ash/ashed.at.110'cC

.!ttl'tt!ttﬂtltllltﬁ!'ll!!l.ltttll!l.ll'ltﬂ

GRAMS OF SAMPLE ANALYZED = 0.92092

CR:

CuU:

FE:

PB:

MG:

NI :

SE:

NA:

ZN:

TOTAL
MICROGRAMS
FOUND

(ug)
AXRNXXANRR R

144.9

2.235

207 .2

92.09%

48 .53

NBES
MICROGRAMS

{ug)
AXAARKRR RN

133.5 +/- 13.8

0-.9209 «/- 0.14

180.95 +/-

108.7 +/-

66 .67 &/~

116.9 +/7-

202.6 +/-

-206-

.53

.37

.21

WEIGHT
PERCENT
FOUND
(%)
TXRARR R

7.472

0.3352¢

NBS
WEIGHT
PERCENT
(%)
RXNRRXRRANRE R

0.455 +/- 0.0t



TABLE D-2. NBS COAL FLY ASH SAMPLE ICAP ANALYSIS/ASHED AT 110°%C (Continued)

NBS COAL FLY ASH STANDARD 1633A CONTINUVED:

PAGE 2 OF 2

E.V.R..08/723/85

analvst samole i.d.: p-18/NBS Coal Fly Ash/ashed.at.110'C

IttttI'lﬂlﬁl'l’tilt'tl.ttt!ﬁ!!tlllltt!*lt!l!tltttllllltlltltl!it

THE FOLLOWING METALS ARE NOT CERTIFIED, BUT ARE GIVEN BY NBS
FOR INFORMATION ONLY.

TOTAL NBS WEIGHT NBS WEICHT
MICROGRAMS MICROGRAMS PERCENT PERCENT
FOUND- NOT CERTIFIED FOUND NOT CERTIFIED
(uag) (ua) (%) (%)

KERXRRRARR N RERXNRKERAR R NERRARR RXXRRERANN N K&

AL: -—— - 11.94 , 14. 0

SB: 25.79 .45 ——— ———

BA: - —— 0.004865 0.15%

co: 82.15 92 .34 -——- ———

MN: < 0.2 175.0 ——- -—-

TI1: - ——- 0.7378 0.8

V: 233.7 276 .3 ——— ———
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TABLE D-3. NBS COAL FLY ASH SAMPLE ICAP ANALYSIS/ASHED AT 600°¢C

08/7/23/85. E.V. Robbd PAGE ! OF 2

FOR SAMPLE NBS COAL FLY ASH STANDARD. 1433A

analvst sample {i.d.: p-19/NBS Coal Fly Ash/ashed.at.¢00'C

AAXAXAARARNARNRARRARARAARARARNRANRRARNRARNNERANRRARANRR R

GRAMS OF SAMPLE ANALYZED = 0.60749

TOTAL NBS WEIGHT NBS
MICROGRAMS MICROGRAMS PERCENT WEIGHT
FOUND FOUND PERCENT

(ug) (uq) (%) (%)

REXRXARRXANRRR ARXRARNRRARRR .I”.’. ARXERARNRXXRRRRAR

AS: 120.2 . 88.1 el- 9.1 - ---

co: 1.840 N 0.607 +/~ 0.09 —— -

cA: ——- -— 0.3997 1.11 +/- 0.01

CR: 89.50 119.07 +/- 3.6 --- R

cu: 82.40 71.68 +/- 1.8 - ——-

FE: - - 8.173 9.40 +/- 0.10

PB: a1.43 43.98 +/- 0.24 .- ---

\

MG : - - 0.1626 0.455 +/- 0.01

NI < 0.1 77.15 +/- 2.4 _— .-

SE: < 4 6.26 +/- 0.36 - .-

NA: - --- 0.3038 0.17 +/- 0.01

IN: 145.3 133.6 +/- 6.07 —-- —-

-208-



TABLE D-3. NBS COAL FLY ASH SAMPLE ICAP ANALYSIS/ASHED AT 600°cC (Continued)

NBS COAL FLY ASH STANDARD 1633A CONTINUED: PAGE 2 OF 2

E.V.R..08/23/8%

analyvyst sample i1.d.: p-~19/NBS Coal Fly Ash/ashed.at 600°'C

TR AR RN R AR AR AR AN A AN AR A A AR AR AR R RN RN RARREANRRARNRREANNNRRRARNRR

THE FOLLOWING METALS ARE NOT CERTIFIED. BUT ARE GIVEN BY NBS
FOR INFORMATION ONLY.

TOTAL NBS WEIGHT NBS WEIGHT
MICROGRAMS MICROGRAMS PERCENT PERCENT
FOUND NOT CERTIFIED  FOUND NOT CERTIFIED

(ug) (ug) (%) (%)

ARARRAARARRRSN AXRRXANXARRNRRRN RERAARXR RAXERRRXRARRXXXAAN

AL: -— _— 11.29 14.0 )

SB: 19.50 4.125 ' --- -—--

BA: -—-- - 0.01176 0.15

co: 64.85 27.94 - ---

MN < 0.2 115 — —-

T1: --- --- 0.8737 0.8

v 214.9 182.3 --- -
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APPENDIX E
FILTER BLANK ICAP ANALYSIS

Appendix E contains Filter Blank ICAP Analysis and an example filter
blank correction.

TABLE E-1. FILTER BLANK ICAP ANALYSIS/FIRST BOMB

]
08s231/8%. E. V. ROBB

FOR SAMPLE 46276/HR-C-BL/HR-13/FIELD. BLANX/FIRST.BOMS:
ENSRNERR AR AN T ARNRRAARNERRN S

THE GRAMS OF SAMPLE ANALYZED = 2.1E-03.
THE SAMPLE WAS ANALYZED ON 07705705.
ORIGINAL PPMS TOTAL MICROGRANMS

(UG /ML) (Ue)
srRARRRETRTRARNR ERRARRRAARARTRRSY

WEICHT PERCENT

(UG/G) X 100%
TRRERRRARRNNREY

AL: 76.784 383y .2 1820190408

sB: <.07(6.0) <3.s (0.0) <p66666.467

AS: .29 14.3 690476.191
BA: 455 L4632 33 .1 1576190.48
cD: 094 4.7 223809.3524
ca:317 930.5% 44528 2.215476192+09
CR: 2.78 139 619047 .42
co: 426 21.3 1014285.71
cu: . 352 17.6 $30095.2138
AU: .08 2.9 13809S.238

FE :O0ve. 31.023 1591.29% 757738095
PB:ane- 1.05 s2.s 2300000
MG:27%.08 137 4830 326190676

MN 1.779 88.9s 4233714329
NI - 615 207.8 9880952.38
r- < .03 €6.0) <L1.8 (€0.0) 71428.57158

SE: L3217 _ 16.35 770871429
AG: <4E-03 (€0.0) <.1 (€0.0) < ?523.80953
NA: 57 2850 138714286

s: oue, 12.39 619.3 29500000
SN: .71 3s.s 1690476.19

TI - 12.8S 6423 30595236 .1
v: . 256 12.8 609523 .81
IN: 3.67 183.5 8738095 .24
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TABLE E-2. FILTER BLANK ICAP ANALYSIS/REBOMB

1
08/21/85. E.V. RORB

FOR SAMPLE 627‘/f/HR-C-IL-PIHI-l)I!I!LD.lLANXIRSlOHI.OP.RISIDU!.lROH.FIRST‘IOHI:
RAREARAANRR T AN RN NACERREINSY

THE GRAMS OF SAMPLE ANALYZED « 2.12-03.

THE SAMPLE WAS ANALYZED ON 07708708

ORIGINAL PPMS TOTAL MICROGRANMS
(UG /ML) (UG)
frRtaRaNsNRny TRITRRARERNRARRRRATY

WEIGHT PERCENT
(UG/G) X 100%
TaRASERERRRRARNY

AL: 128.09 64045 304974191

s : £ .07 (0.0) <35 co0w0) < IITTY)

AS: 1.03 si1.s 2452300.95
BA:455" o992 4.03 230932.384
cD: .027 1.358 64205.7143
Ca: 3\7 49 22430 1.069047628409
CR: 878 43.73 208331333
co: . 107 s.3s 234761.909
cu: .133 6.6 : 316666.667
AU: <.04 (6.006) <2 (0:300) <?3238.0953
FE:due. 13.178 658.75S 313690476
P8 que: .78 3 18357142 .84

MG 2708 3. s 3173 151190476
MN: .03 1.'958 92857.1429
NI : 18 ’y 428371429

P <.03 (6.0) <1.5 C0.0) <71428.3715

SE: <.08 (0:0) <4 €0.0) <19047¢.19

AG: < 4E-03 (002 <2 (0.0 <9523.807%)
NA: 133.03 66525 316785714
s: ove, 2.028 101.4 4328571 43
SN: .234 11.7 557142 .857
TI: .536 26.8 1276190 . a8
v: .038 1.9 20476.1908
IN: .204 10.2 €83714.28¢
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TABLE E-3.

3
08/28r853.

EXAMPLE FILTER BLANK CORRECTIOW FOR FIRST BOMB

(Run 04-Baghouse Inlet)

E.V. ROBE

FOR SAMPLE ‘275/?/?1!3?.IOHIIHR—AC—FIHR-C’:

THE SAMPLE WAS ANALYZED ON 07/08785%.

THE GRAMS OF SAMPLE ANALYZED o

ORIGINAL UG
(UG)
TR ANREARY

AL: 1649S
sB: 72.65
AS (0-50): 14¢.53
BA 455 53.89%
cD: 3440
cA 37 17318
CR: $7.5
co: 15.75%
cu: 1127.5%
AU <12

FE: 08 1142.5%
PB :ave. 2294
MG 279,08 4s2s
MN: 29.7%
NI : 179.%
P 109S. 5
SE . <4

AG: 32.88
NA : 2962.3
S anNe. 1580615
SN: 577.1%
TI1: $17.7%
v: 624
IN: 1432.5

.149.

BLANK CORRECTED
(UG)
TRNRRRTRNSRRRNENDR

WEICHT PERCENT
(UG/G)
rEERRARNRRERNONSR

12635.8 84938 253
72.45 487.583893
132 86S.906041
20.73 139 .2617453
3435.3 13015.7047
-+ <0,35 - <2,3%49
- < 2, -~ <L03,492
- 23— -+ <33,56
1109 9 7448.99329
- <2 * <I13.42
- <9,25 - </,67%
2201.53 14773 .1478
- <045 - £/,007
- <0,2 v </,342
< <0./ * 20,67/
10953 7382.349
- <4 - £ 26.55
32.85 220.469799
112.5 793.0335587
15242 102293 303
S41.653 3633.2349
+<Lo. 48 r<20a0
611.2 4102.01343
1249 6382.53034

-212-



TABLE E-4.

Q2/2=/29,

- a
=S SAvMPL

EXAMPLE FILTER BLANK CORRECTION FOR REBOMB
(Run 04-Baghouse Inlet)

ISTHER V. [0BB
S EL7S/F/=R-AL-F/HI-Z3/REROME:

Bt 1 T T T o A S e T T I R TG NP DS T S S T A B T A T 1 e e R e e L M

THE SaMPL

T<ET CRAMS OF SAMPLET ANALYZED

- e

SNz

Nt

= wAS ANALYZED ON 27/@Z/2S.

. 148.

DRIGINAL UG
€26)

o o o o e e o e

BLANK CORRECTED
us  (uGo
LA e R

WEIGHT %
(LG/0G)
H A

18735 12790.5 2T157.7121
7.85 7.€5 S1.74228:3
13 e -2 < 26. 85"
3.7 T4. 85 23T.392617
S5€. 25 SS4. 3 T724.1€127
25500 4252 27151, 203
S&. LS 12,7 71.312220%
7.2 ~——a5 < S et RS < 33, 56
157.2S 15Q. 4 1202. 33527
<z F €2 temTsT— £ /3.9

B28.75 22B. 7S

5562. @SR

TB2.7% 24T, 75" 1675, SOERS
LS <o —-a— <L 1,007
17,45 11,5 77.121228
s5.5 ¢E.S I1Z.0205TE

Z1.5 <15 <i2.087114

P <& < 26.845637%
1S.€ 15.8 104. 6373986
1Q3ES 37:12.5 2491€. 1073
1783.6 1652. 2 11223.9328
231.5% 219.8 147S. 16772
116. @5 29. 25 59S. 3332883
77.4 75.5 S@6. 711403
257,05 262,35 1623, 36577
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