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In Task No. 0007 of Contract No. DAAA15-88-D-0001, USATHAMA requested that IT
Environmental Programs, Inc., conduct an engineering, operability, and economic feasibility study of
one such method, the Fluidized Bed Paint Removal Process, at Letterkenny Army Depot .

The objective of this study is to evaluate the viability of the Fluidized Bed Paint Removal Process as a
method of removing paint from metal parts at Army depots, to compare the operability, economic
performance and environmental impact of the Fluidized Bed Paint Removal Process with existing
paint removal systems and to derive conclusions regarding the appropriateness of replacing existing
paint removal systems with the Fluidized Bed Paint Removal Process.

Findings and Conclusions

The Fluidized Bed Paint Removal Process is not a suitable replacement for chlorinated solvent
lthripping systems currently used to remove paint from aluminum and aluminum alloy parts at Army
epots.

Basis: This study, in conjunction with a similar study conducted at Red River Army Depot, found
that aluminum and aluminum alloy parts when exposed to the 700 - 800°F temperatures of the
Fluidized Paint Removal Process for the 1-2 hours residence time required to pyrolize paint lost
essentially all of their hardness or temper. It is possible to restore this property through the addition
of a heat treatment step in the repainting process at the depot but this has been deemed impractical by
U.S. Army Depot Support Command personnel.

A preliminary evaluation of the Molten Salt Bath as a paint removal alternative confirmed this
conclusion regarding effect of temperature on aluminum hardness and gave some indication as to how
temperature sensitive aluminum parts are. Exposure of aluminum to a temperature of 600°F for only
2.5 minutes caused a 65 percent hardness reduction. Exposure to 800°F for only 1 minute caused an
87 percent reduction,

The Fluidized Bed Paint Removal Process can be used to remove paint from non-aluminum and non-
heat sensitive parts but the cost is an order of magnitude greater to operate that its alternative for this
purpose, the Caustic Soda Process.

Basis: The Fluidized Bed Paint Removal Process cost $4.06 per part cleaned as compare to $.31 per
part for the Caustic Soda Process. This disparity is due to the fact that the Fluidized Bed Paint
Removal Process is more labor intensive and energy consumptive than the Caustic Soda Process.
Even the optimized scenario for the Fluidized Bed Paint Removal Process would result in a cost of
$2.80 per part processed.

The Fluidized Bed Paint Removal Process requires 72% more labor due to greater hundling
requirements and the need for more operator attention, The Fluidized Bed Paint Removal Process
also consumes more energy in the form of electricity and propane gas due to the greater number of
motors incorporated into the system and high thermal requirements both for heating and pyrolysis of
paints and combustion of unburned gases.

In the course of removing paints, coatings, or platings containing toxic metals (e.g., lead, chromium,
cudmium), the Fluidized Bed Paint Removal Process will cause the Fluidizer Bed Media to become a
"hazardous" substance.
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Basis: Although the Fluidized Bed Paint Removal Process does not incorporate toxic solvents or
materials in its paint removal operation, it does remove heavy metals formulated in paints and
contained in coatings and platings from the surface of parts and deposit them, to some extent, into the
Fluidizer Bed Media. The exact mechunism for each metal is not defined but significant increases in
toxic metals concentration in the Fluidizer Bed Media have been observed after only three Fluidized
Bed Paint Removal Process runs. There is no question that the pyrolysis of paints, coatings, or
platings containing toxic metals in the Fluidized Bed Paint Removal Process will result in fluid bed
material which exceeds the regulatory limits of 40 CFR 261.24 for these metals. This will cause the
Fluidizer Bed Media to be classified as a hazardous waste. Of course, this will become less of a
problem as the presence of paints containing lead and chrome diminish but must be taken into
consideration until such time,

A mass balance conducted around the Fluidized Bed Paint Removal Process during its operation
determined that the Fluidizer Bed Media containing toxic metals as well as the toxic metals themselves
are not found in any significant concentrations in either the stack gases or effluent water to the
industrial water treatment plant.

In the course of removing paints, coatings, and Elatin s containing toxic metals, the Fluidized Bed
Paint Removal Process will generate more solid hazardous waste requiring disposal than the Caustic
Soda Process.

Basis: As stated in the basis for Conclusion 3 above, the Fluidized Bed Paint Removal Process will
generate toxic metal-contaminated Fluidizer Bed Media in the course of treating paints, coatings and
platings containing toxic metals. It is estimated that the resulting solid hazardous waste requiring
disposal will amount to about 20,000 pounds per year as compared to the 3,000 pounds per year of
caustic sludge from the Caustic Soda Stripping Process requiring disposal,

’

Fluidized Bed Paint Removal Process workers and any workers in the building containing the
Fluidized Bed Paint Stripper System will be subject to Occupational Safety and Health Act
requirements for employees exposed to lead under 29 CFR 1910.1025.

Basis: As stated in the bases for Conclusions 3 and 4, when the Fluidized Bed Paint Removal

rocess removes paints, coatings or platings containing lead, the Fluidizer Bed Media rapidly
increases in lead concentration and exceeds the threshold defining it to be a hazardous waste within
the first few runs.

This means that the dust emitted from the Fluidized Bed Paint Removal Process cabinet is not only a
hazardous waste by definition but contains high concentrations of lead. Although ambient air
monitoring was not conducted during this study, the concentration of lead in the dust and the quantity
of dust emitted from the Fluidized Bed Paint Removal Process would lead to an expectation of
potential operator exposure in excess of the action level of 30 micrograms per cubic meter of air
averaged over an 8-hour period and possibly as high as the permissible exposure limit of 50
micrograms per cubic meter.

In any case, the dust must be considered as a hazardous material containing lead and handling,
monitoring and personal protection procedures as required by 29 CFR 1910.1025 should be
implemented for ull workers employed in any building housing the Fluidized Bed Paint Removal
System,
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1.0 Introduction

Through specific research and development projects, the U.S. Army's Toxic and
Hazardous Materials Agency (USATHAMA) assists Army Depots in developing and
evaluating methods for minimizing the quantities of hazardous wastes that they generate.
In Task No. 0007 of Contract No. DAAA15-88-D-0001, USATI!AMA requested that [T
Environmental Programs, Inc., conduct an engineering, opesab L.y, and economic
feusibility study of one such method, the fluid bed paint removal process (FBPS), at
Letterkenny Army Depot (LEAD).

Degreasing and removal of paint from metal parts are processes performed at several
Army depots across the country as part of vehicle and equipment rebuilding operations.
These processes generate many tons of hazardous waste and release some hazardous
materials into the workplace because most of them incorporate toxic chlotinated solvents
or caustic soda. These substances also produce sludges that are classified as hazardous
waste,

U.S. Army Depot Support command (DESCOM), as part of its hazardous waste
minimization program, has established as a goal the elimination of hazardous waste
generation from paint stripping operations. A process that uses a heated, fluidized bed of
alumina to remove paint, grease and other organics was considered as being potentially
useful in achieving this objective. Two units were installed at Army Depots: A 24-inch
diaRnxsgr unit at LEAD and a larger 48-inch diameter unit at the Red River Army Depot
(R ).

Since this paint stripping process is a pyrolysis procedure that uses no toxic agents, it
was perceived as having good potential for reducing hazardous waste. Both of the test
programs required that LEAD and RRAD personnel determine the type and quantities of
garts that could be depainted in the units by pyrolizing the coatings in the hot fluidized

ed, and also determine the extent and nature of toxic materials emitted from the
processes (PEI Associates, 1990).

In the RRAD study, it was found that aluminum parts could not be stripped above the
630°F required by the FBPS, as this condition caused the metal to lose its desired temper
(SEpcssar » 1990). Combined preliminary data from both studies concluded that for
LEAD purposes, the fluidized bed paint stripper could only r :place the caustic stripping
of paints from non-aluminum alloys but not the solvent s'.ipping of aluminum parts.
This conclusion was reached because it was deemed impractical to incorporate a heat
treatment step in the LEAD paint removal operations to restore the temper to aluminum
parts. Therefore, the test program at LEAD was modified to conduct operability, cost
and environmental impact comparison of the operation of the FBPS in comparison only
to other stripping methods for steel parts (Mraz, 1990). (See May 1991 Test Plan,
Appendix A).

Two alternative depainting processes are considered in depth in this report:

- Fluidized Bed Paint Stripping; and

- Caustic Soda Stripping Process.
The Caustic Soda (CS) Stripping Process has been in use at LEAD for several years,
while the FBPS was installed in January, 1991 as a demonstration unit. The molten salt

bath (MSB), which is given a very preliminary evaluation in this report, is a commercial
process used in industry, but it is not presently used in the Army's Depots.

1-1



2.0 Process Studies
2.1 Fluidized Bed Paint Stripper

2.1.1 Process Description

The FBPS removes paint or other organic coatings by heating the part at an elevated
temperature above 650°F to cause pyrolysis and decomposition of the organic portion of
the paint. A granular material, alumina in most cases, is fluidized by blowing air or
another gas through the granules. The media, which are converted to a fluid by the action
of the gas, efficiently transfer heat to objects with irregular shapes that are held below the
surface of the tursulent fluid. The thermal decomposition of the paint produces gases and
leaves some carbon-inorganic char on the part. Much of this char may be removed in the
fluidized bed, but most parts rcciuirc further cleaning before they can be repainted. A
shot-blast cabinet has been installed at Letterkenny, as part of the FBPS, to complete the
cleaning step.

The FBPS uses a three-step process that is designed to remove paints and other coatings,
including their organic and inorganic constituents, from heat resistant parts. The FBPS at
Letterkenny has been designed and installed by Procedg'ne orporation, New
Brunswick, New Jersey, Procedyne's specification (Duffy, 1989) and manuals
(Procedyne 1979, 1990a, 1990b, and 1990c) were used as source material for this
description. The FBPS consists of the following four major components: 1) Fluidized-
Bed Furnace or Retort, 2) Fluidized-Bed Cooling System, 3) Off-Gas Afterburner, and
4) Low-Energy Shot-Blast Unit, As shown in Figure 1, a vented cabinet forms a single
enclosure above both fluidized bed units, The cabinet is also equipped with motor-
controlled double doors (each, apgroximatcly 2 by 6 feet) at one end and a small,
transparent sliding port at each fluidized bed. The cabinet serves to contain any exhaust
gases, smoke, or expelled media, and an exhaust blower expels such materials through a
collection and treatment system (Figures 2 and 3). A single track and hoist sgstem is
used to transfer the stainless-steel work baskets into the unit, between the two fluidized
units, and out to the low-energy shot-blast unit. The chain that hooks to the basket
trag'.crses a slot in the cabinet top. The slot is closed with rubber vanes to seal the vent
cabinet.

Before depainting, the furnace electric heaters must be used, with fluidizing air, to bring
the bed to an operating temperature of 700-850°F. This heat-up step requires
approximately four hours. To begin the process, parts are loaded in the stainless-steel
work basket, and the basket, attached below the furnace cover, is hooked to the hoist and
transferred into the cabinet. After closing the cabinet doors the basket is lowered into the
hot fluidized bed. The coatings begin to decompose as the fluidized media transfer the
furnace's heat to the parts. The furnace cover prevents the release of decomposition
gases into the cabinet, and causes them to be expelled through the furnace duct that is
located on the side at the top of the retort (Figure 4). Both the retort duct and the cabinet
vent duct are connected to a cyclone that separates media and other larger particles from
the gases (Figure 1). The blower attached to the afterburner pulls the pyrolysis gases
through the cyclone, into the afterburner and out the exhaust stack. During the pyrolysis
a small flow of water is introduced into the retort. This water vaporizes in the furnace to
prevent the formation of an explosive mixture. The stainless steel work basket remains in
the fluidizer furnace from 1.0 to 2.0 hours depending on the number of parts and the type
of coatings applied.

In 4 normal load of parts there will be an inadequate concentration of oxygen in the
fluidizing air to allow complete combustion of the paint constituents, plastic coatings, or

2-1
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rubber. Therefore, carbon monoxide and unburned hydrocarbons are generated during
pyrolysis. These volatile organic constituents (VOCs) are combustible and are burned in
the afterburner. The afterburner consists of a ceramic-lined fire-chamber, a propane-
fueled burner, two blowers, and a water-fed cooling tower (Figure 4). A 3-horsepower,
200 cubic feet per minuie (CFM) blower provides air to the burner while a 5-horsepower,
350 CFM blower exhausts the gases from the unit. The 21-inch diameter fire chamber is
nearly nine feet long, and the attached cooling tower extends 4,7 fee* above the chamber
(Figure 4). A thermocouple above the outlet of the fire chamber /* " ) and one before
the exhaust blower (EBT) measures the temperatures in the uni:  When operating
properly, the afterburner reaches 1400-1600°F with an exhaust temperature below 150°F
(Procedyne, 1990c). The gases from the afterburner are cooled in a water spray, or
quench, prior to release to the atmosphere. The quench is required to prevent the hot
gases from damaging the exhaust blower. This water spray may also scrub some
particles or gases from the exhaust stream.,

Because of the high temperatures reached in the afterburner and the introduction of
flammable materials into the system, Procedyne, the system manufacturer, provides
detailed precautions to be taken if upsets occur in the afterburner system (Procedyne,
1990c). The primary control uses the afterburner temperature; if the FCT indicates a
temperature above 2,000°F the signal automatically shuts off the fluidizer air to the
furnace. This action reduces the rate of coating decomposition; this decomposition
generates flammable gases that cause the excessive heat generation. Excessive
temperatures in the afterburner will damage the ceramic liner and the shell. According to
the Procedyne's manual, in such a situation the operator must :

Not turn the afterburner off

Not lift cover

Not shut down furnace

Not shut down off-gas dilution system
Not shut down blower,

These actions will allow the afterburner-exhaust system to safely conduct the smoke from
the pyrolysis out of the building. Apparently the pyrolysis is continued in a static bed
until the afterburner temperature is reduced to 1600°F; the manufacturer's manual does
not clearly explain how this occurs. If either the afterburner flame or the blower were
turned off, unburned pyrolysis products may accumulate in the system to possibly form
an explosive mixture. Since the excessive temperature condition is caused by too much
organic material (polymers in the coatings) on the parts being stripged, subsequent loads
in the system must be decreased. In the unlikely event that the flame is extinguished
during pyrolysis, the pyrolysis should be continued with no flame, but with the exhaust
blower on. This will conduct unburned gases out of the building to prevent accumulation
of an explosive mixture.

After successful pyrolization, the work basket is transferred to the fluidized cooling bed.
The cooling bed is a 48-inch deep, larger diameter (38-inch), cylindrical chamber also
filled with alumina granules and fitted with water-cooled plate coils. This carbon-steel
chamber is fitted on the bottom with a stainless-steel air-diffusicn plate, and its top is
open to the vented cabinet. The bed is cooled by process water that flows counter-
currently through the coils and ambient air which fluidizes the bed particles. The work
basket remains in the cooling bed for a period of 15 to 60 minutes or until the required
temperature of 140°F is reached. According to the manufacturer, this cooling procedure
significantly reduces the tendency for steel parts to oxidize and it speeds up the operating
cycle (Procedyne, 1979).

Once cooled, the operator uses the hoist to raise the basket from the bed, opens the
sliding port in the cabinet and uses an air nozzle to blow particles from the treated parts.

2-6




This step minimizes the loss of alumina from the unit; most of the particles blown off will
return to the cooling bed. The cabinet doors are then opened, and the operator moves the
basket to a holding stand. The bolt holding the basket to the retort cover must be
removed, the cover must be set aside, and the basket may then be hooked to the work
conveyor on the shot blast unit, The operator then pushes the conveyor on its monorail
track into the blast cabinet or to a holding position. Because of the various steps to
remove bolts, to hook and unhook the cover and basket, this part of the process is
clumsy. Operation of the shot blast unit for 30 minutes should remove the inorganic
coatings and char to prepare the parts for repainting. This unit is equipped with
particulate filters to remove airbome contaminants to meet EPA compliance.

Table | summarizes the operation parameters, and Figure 1 is a process flowchart that not
only identifies the major process components but also the utilities required to operate this
complete system and the waste streamns generated, Figures 2, 3 and 4 show additional
details of the system.

2.1.2 Operability Tests and Results

To operate the FBPS on a continuous basis, the optimum operating parameters and
roduction limits are required to provide data from which to calculate cycle times, loading
imitations, and ultimately, the economics of operation. To develop the necessary

effluent calculations for d’étcrmining environmental impact, the feed rates of air and

water, and quantity of bed media lost must also be measured. Any conditions that are
unsafe or that would cause interruptions to the operation also must be identiiled. To

obtain these data, the FBPS was operated on three occasions as described in Table 2,

I Operability T

During the acceptance test in January, the operation of the unit was demonstrated by
representatives of the FBPS's manufacturer using assorted é)arts provided by LEAD.
The objective of this run was to balance the system under load and establish equilibrium
conditions acceptable to LEAD.

A basket of assorted parts was introduced into the FBPS at a temperature of
approximately 750°F. Fluidizing air was maintained at approximately 400 SCFH. The
afterburner temperature controller was set at 1400°F. Almost immediately, smoke began
escaping from the FBPS cabinet.

To maintain a vacuum on the cabinet and minimize smoke release to the building, MP
began reducing afterburner combustion air. Combustion air was reduced to the point of
incomplete afterburner combustion as evidenced by the gray colored smoke in the FBPS
exhaust but heavy smoke continued to be emitted from the FBPS cabinet.

The manufacturer's representative continued to adjust afterburner combustion air for the
remainder of the runs. During the practice runs, paint and organics were effectively
stripped from the parts based on visual observation. However, only a major
readjustment of the fuel-air ratio mechanical linkage appeared to achieve acceptable
equilibrium conditions without excessive smoking from the FBPS cabinet.

Smoke emissions continued to be a problem in future runs. It was concluded that the
range of acceptable equilibrium operating conditions for the FBPS, as designed, is
extremely narrow. As confirmed in subsequent test runs of the FBPS, any slight
variation in operating conditions (e.g., fluidizing air to the cooling bed during stripping)
will upset the sensitive smoke balance.

2.7




Table 1
. FBPS Operation Parameters
Component Cycle Time Temperature Foad
l Fluidized Bed 1.0 - 2.0 hours 750 - 850'F 500 1bs. of
' Furnace parts/cycle
. Fluidized Bed 025- 1.0 hours | Ambient 500 Ibs. of
Cooler parts/cycle
Afterburner Unit 0.75 - 1.0 hours 1400 - 1600°F 15 1bs, of paint
organics/hr,
Low-Energy Shot  {0.25 -0.5 hours Ambient 500 lbs. of
' l Blast Unit parts/cycle
' 2-8



Table 2
Fluidized Bed Paint Stripper Operability Tests
ate est articipants
[7T7BT [Equipment |I1: John Murphy, Project Manager; Paul Mraz, Engineer
Acceptance | LEAD: Dennis Reed, Engineer
USATHAMA: Ronald Jackson, Project Officer
Proced1xne Cog.: Michael Paul
2/14/91 | Operability tJohn Murphy, Paul Mraz, and Duane Parker, Sentor
Chemist
LEAD: Dennis Reed
USATHAMA.: Ronald Jackson
47301 |Operability, |IT: John Murphy and Duane Parker
mass balance | LEAD: Dennis Reed
and effluent | USATHAMA: Ronald Jackson and William Houser,
testing Industrial Hygienist
2-9
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In February, operability tests of the FBPS to obtain additional data were performed.
Two tests were run. In the first of these tests, a basket of parts with a high loading of
rubber and paint coatings was stripped with a fluid bed temperature of 750°F for one
hour, The fluid bed was operated with a high rate of air flow (800 SCFH) as read on the
rotameter.

Under these conditions a large amount of visible smoke was formed shortly after the
parts were lowered into the fluidized bed, and much of the smoke escaped from the
FBPS cabinet. Adjustments were made on the afterburner exhaust system, as the
afterburner temperature approached 2000°F. Although the fluidizer air was reduced to
approximately 400 SCFH, smoke continued to escape from the vent cabinet, and the
exhaust from the FBPS exiting the building became gray in color. It was necessary to
open the windows and the vehicle door of the building to clear the smoke from the area.

After an hour, the afterburner temperature decreased, and the smoke escaping from the
cabinet moderated. Finally, after npproximatell); two hours, the pyrolysis was complete
and the basket was transferred to the quench bath.

Substantially all of the paint and rubber coatings had been removed from the parts, but
the plating on certain parts had formed small beads on the surface. Apparently the metal
in the plating had melted at the bath temperature, and the surface tension had caused the
liquid to form globules. The type of plating was not identified, but, as shown in Table 3,
cl?dmilt_xfm and zinc could possibly have melted at these bed temperatures and replated on
the surface.

After the completion of this test run the equipment was checked. Ufon opening the
cyclone pot, the cyclone, and the retort exhaust duct were found to be filled with the bed
media (Figure 2). It was concluded that these media had built up, during the earlier test
runs in January, and prevented the release of the pyrolysis gas through the retort duct.
Therefore, much of the gas escaped from the vent cabinet rather than vent through the
afterburner and stack system,

A second test run was made on February 14, 1991, once the afterburner temperature had
dropped to 1500°F. In this run, a basket of several painted parts, and just a few rubber
coated parts, were depainted at approximately 800°F. In this test with a clean cyclone pot
and exhaust duct, the afterburner temperature remained in the range of 1S00°F to 1700°F,
and very little smoke escaped from the cabinet. The exhaust from the building stuck was
almost colorless.

A pril Operability T

Although the primary purpose of the tests on April 4, 1991 was to sample and analyze the
effluent streams for the purpose of defining the mass balance of the toxic heavy metal
compounds entering and leaving the unit (see Sec. 2.1.3, below and Appendix A),
additional operating experience was also obtained.

To identify known quantities of metal compounds in these tests, specially prepared,
painted metal test panels were used. Because of the earlier operating experience, a
preliminary start-up test of the system using ordinary military parts, plus one rubber-
coated part, was performed to ensure that the unit would operate properly. No problems
were encountered during this start-up run (Appendix A, Data Sheet, FBPS Start-Up,
Section D-1,p. 7)
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Table 3

Physical Properties of Substances in These Testsd

Matcna) EEEZF. MF: T, E:FE: Vapor Pressure
g/om 750 B2 2o

Aluminum . 12217 [4373  |[<10-© -

Alumina, alpha 3,970 3196 <10-<V -

Cadmium metal 8.64 610 1300 1.36 L
“Chromium metal ‘ 3 (4842 [ <108 :

Lead metal 11,34 621 3164 1.5 X 10°7 |2X100

Steel, carbon 38 2160 . <10-19 .

Zinc metal 714 787 1665 |0.07 0.07
“Test paint components:

Cead chromate [6.12 1331 4847 .

Alkyd resin 2.2 dec. -

dWeast, 1980,

bBulk density of 150 mesh alumina: 1.67 g/em3 (Wellbomn, 1991),
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The afterburner temperature increased from ambient to 1300°F within fifteen minutes
after being ignited, and this temperature reached only 1405°F during the test run. Only a
trace of smoke appeared at the top of the vent cabinet, and no visible smoke appeared in
the exhaust from the building. At the end of the test, the parts appeared to be adequately
depainted.

The three runs to study the mass balance also achieved acceptable equilibrium conditions
while successfully stripping the paint from the panels. The afterburner remained below
1440°F, the exhaust temperature was easily maintained below 170'F, and no smoke
escaped from the vent cabinet or from the building exhaust

The batches of metal panels were weighed before painting, after painting, and after
depainting. The results of depainting, shown in Table 4, indicated that 88 to 102 percent
of the paint was removed in these tests. The values over 100 percent may indicate that
small pieces of the panels may have been lost during the process. The panels from the
first run, which were treated in the shot-blast cabinet, had a granular gray appearance. In
the other two runs, traces of solid, that could be easily removed remained on the panels,
On those panels from run. 2 (pyrolized at 725 to 767°F) the solids were nearly black
while the solids on the panels from run 3 (pyrolized at 785 to 809'F) were a dirty yellow.
Since a yellow paint was used in these tests, the yellow solid may be the pigment that
remained after the organics were removed. The result at the higher temperature suggests
that the decomposition is too rapid and leaves mainly pigment, rather than char, that
adheres to the metal,

2.1.3 Effluent Test and Results

The waste streams generated by the FBPS were expected to be minimal because no
hazardous solvents or chemicals are used in the process; however, the paint used on older
military equipment often contains lead compounds and/or chromium compounds as
pigments. In addition, some painted parts have been plated with cadmium or chromium,
In certain processes some or all of the formulated and/or plated metal may be removed.
These metal compounds are toxic substances that are regulated by the U.S. EPA as
hazardous waste. Therefore, even if toxic solvents or reactants are significantly reduced
in any process, some hazardous waste may still be generated upon paint removal.
Nevertheless, minimization of generated hazardous waste was expected. The releases of
toxicants to the environiment were expected to be minor, and the exposure of the workers
to hazardous reagents reduced.

To investigate these suppositions, a series of test runs was made in the FBPS. In these
tests, meta! panels were coated with measured amounts of paint to be depainted, and
analyses of the effluents from the process were obtained (ITEP, 1991 and ITAQS,
1991a). The paint used was a yellow alkyd enamel containing lead chromate as a
pigment (Apper.ix B, Table 1). Although present military specifications prohibit the use
og lead compounds in paint, it et military specifications when it was manufactured in
1988.

Because some military parts depainted are cadmium plated, zinc coated (galvanized), or
coated with zinc phosphate, panels were introduced into the FBPS containing measured
quantities of these metals. For cadmium, steel panels, 4 by 8 by 0.09 inches were plated
with cadmium at Red River Army Depot. The plating thicknesses were reported to be
0.25, 0.5, and 1.0 mils on particular panels. These thicknesses and density (see Table 3)
were used to calculate the weight of cadmium on the panels introduced into the FBPS.
The cadmium amounted to 9.0 grams per mil per panel (see Appendix A, Sec D-1, p.6).
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l Table 4
Paint Removal Results
l un No. | lemperature aint removal,
~ercent (range)
T (733777 i 9-104.8
l W .1-106,
3 783-800 87.8(78.6-90,
l 2-13




Zinc phosphate panels were prepared at LEAD, but they were found to contain too little
zinc to be easily measured. They were therefore not used in testing.

Using these controlled 3 antities of toxic compounds, the fate of these toxic metals in the
process was determined. In these tests, larger quantities of the toxic paints and platings
were included than would normally be involved in a typical batch of parts to provide
easily measured amounts of these metals.

The effluents from the FBPS include the water used to quench the afterburner gases,
This water is released partially as heated water to the industrial water treatment plant
(IWTP) and partially as steam up the stack. The water used to cool the fluidized cooling
bed is discharged directly to the IWTP, If significant quantities of heavy metals, such as
lead, chroinium, cadinium or zinc, are present in this water, the stream may not be
treatable in the IWTP. In such a situation, this water stream will have to be separately
treated before transferring it to the IWTP. This water was analyzed.

The fluidized bed particles (alumina) in the furnace and the cooling bed are carried out
into the cyclone during depainting and into the shop area when a basket full of parts are
removed from the unit, Additionally, Procedyne advises that the media should be
replaced once every two years. It will probably be necessary to dispose of the media as
hazardous waste. Therefore, analyses for heavy metals in the discarded alumina from
each of these tests was also performed. Spent steel-shot media used in the low-energy
blast cabinet were also analyzed.

The U.S. EPA has established a4 method of analysis to determine if a waste is a
categorical hazardous waste and subject to RCRA regulations. This test, the Toxicity
Characteristic Leaching Procedure (TCLP), requires that materials that are solid be
extracted with 20 times their weight of a dilute a?‘ueous solution of acetic acid. Aqueous
liquids are analyzed without further dilution. If the metals concentration in the extract in
mg/L exceeds the regulatory standards, the solid or liquid is a toxic characteristic waste
under RCRA regulations and is thus classified as hazardous. To determine the fate of the
metals, the total concentration of the metals in the media was also determined (Fed.
Register, 1991a.)

The exhaust gases from the stack may contain unburned hydrocarbons, particulates, and
heavy metals and were, therefore, sampled and analyzed during these tests. [See the IT
Air Quality Services Test Plan (ITAQS, 1991) for further details.]

2.1.3.1 Description of Effluent Test Procedures

The steel and aluminum test panels were prepared at LEAD. The panels were cut from
metal stock. All were 4 by 8 inches by approximately 0.025 inches thick, and the corners
were rounded with a radius of 1.25 inches A small hole was cut near the narrow end of
each panel. The panels were labelled with a vibratory stylus in groups of 10; i.e., the
first ten were labelled "A", the next ten, "B", etc. The batches of panels, along with ten
hooks (steel paper clips), were then weighed to a precision of 0.1 gram. On March 22,
1991, the labels were covered with a small piece of masking tape and a thick coating of
paint was applied by a LEAD operator using a Depot spray booth and spraying
equipment. The 220 panels were pulially dried in the shop dryin%ovcn. After the paint
had dried for three days, the masking tape was removed and each batch, with hooks, was
weighed again. Paint loadings varied from 29 to 65 grams per batch (Appendix A, Data
Sheets, Section D-1, pp. 1 and 2).
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Steel mesh was cut into a square approximately 3.5 feet square. The mesh was bent into
a rectangular tube, approximately 12 inches on a side, to form a holder on which the
panels could be attached. The test panels were hooked around the holder, and this
apparatus was placed in the basket to be treated.

The air monitoring team set-up the gas sampling equipment on April 3, 1991, as
described in their test plan (ITAQS, 1991a), and the tests were performed on April 4, No
gas or water samples were taken during the start-up run that was made before the test
panels were introduced. Once the start-up run was completed, a sample of the fluidized
b:l? media was taken from the furnace, and a sample of stored, unused media was also
taken,

In each of the three runs, six batches of ten painted panels each were used, and in both
run numbers 2 and 3, six cadmium plated panels were used. The cadmium panels were
not coated with paint. Each basket of panels was heated in the fluidized bed for one hour;
the operating conditions are summarized in Table 5, and the complete data are listed in
Appendix A.

Various samples were taken during these runs. In each run, the exhaust gases were
analyzed continuously for oxygen, carbon dioxide, and total hydrocarbons (a flame
ionization measurement). Particulates were collected on a fllter for a gravimetric
measurement, and the gases were sampled in aqueous solutions for non-filterable solids
and vapors, In the laboratory, the particulates were digested with acids to completely
dissolve any metals present; the solution from the digestion was then combined with the
impinger lf;{uids. An atomic absorption spectroscopy procedure or an inductively
coupled argon salasma emission spectroscopy procedure is used to determine the quantity
of the metal of interest.

Samples of the quench water were taken during each run, and a sample of the inlet water
to the system was taken during run no. 2, Two samples of quench water were taken
during run no. 3.

After runs no. | and 3 were completed, samples of the fluidizer bed media (FBM) were
taken by dipping a sample from the hot bed with an aluminum scoop attached to a pole.
No FBM sample was taken after run no. 2. When the assembly was removed from the
FBPS in run no, 2, a few pieces of porous black material (ash) were found in the basket;
this solid was submitted for metals analysis. Finally, a FBM sample was taken from the
cyclone pot (Figure 1) after the completion of the four runs. The latter material comprises
media that were carried out of the retort.

Various samples were taken during these runs. In each run, the exhaust gases were
analyzed continuously for oxygen, carbon dioxide, and total hydrocarbons (a flame
ionization measurement). Particulates were collected on a filter for a gravimetric
measurement, and the gases were sampled in aqueous solutions for non-filterable solids
and vapors, In the laboratory, the particulates were digested with acids to completely
dissolve any metals present; the solution from the digestion was then combined with the
impinger liquids. An atomic absorption spectroscopy procedure or an inductively
coupled argon plasma emission spectroscopy procedure is used to determine the quantity
of the metal of interest,
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Table §
Operating Conditions, April 4, 1991
un INO, etort temp. uaizing terburner tcmp. terburner Afterburner
' Air CFM 'F exhaustd temp °F | volume CFM

“Start-up | 703-761 | 6.67-7.33 1300-1305 | A: 150-22% -
1 | 723-187 13.50-6.00 1393-1403 ,Sx: 2175 8-153 360
S S M i1 [ e P ) B B V0 TP P TS g\.:216‘:11~152 7%
B T R 1.0 N TI30-1435 g': 21_;119-165 Y1

aTemperatures, as follows:

A: Temperature indicated by the afterburner thermocouple
S: Temperature measured in the exhaust stack at sample point, determined by

ITAQS.
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Samples of the quench water were taken during each run, and a sample of the inlet water
to the system was taken during run no. 2. Two samples of quench water were taken
during run no. 3.

After runs no. 1 and 3 were completed, samples of the fluidizer bed media (FBM) were
taken by dipping a sample from the hot bed with an aluminum scoop attached to a pole.
No FBM sumple was taken after run no, 2. When the assembly was removed from the
FBPS in run no. 2, a few pieces of porous black material (ash) were found in the basket;
this solid was submitted for metals analysis. Finally, a FBM sample was taken from the
cyclone pot (Figure 1) after the completion of the four runs. The latter material comprises
media that were carried out of the retort.

The test panels from run no. 1 were further cleaned, after pyrolysis, in the shot-blast
unit, while the panels from runs no. 2 and 3 were not cleaned any further, Because it
was observed that the panels from the latter two runs were covered by loosely adhering
solids, each batch of panels was wrapped in tared polyethylene film before it was
weighed. Three weeks after these tests were completed, the solids from three batches of
formerly painted panels were scraped with a microscope slide to produce small powdered
samples. The very small quantities of solids on the polyethylene film were included in
the scrapings. A glass slide was used as a scraper to minimize any metals that might be
introduced into the sample from a metal scraper, These samples were analyzed for
cadmium, chromium, lead, and zinc. One cadmium plated panel, from run no, 3, was
also similarly scraped. 1he scrapings and another cadmium panel were submitted for
microscopic examination and analysis.

2.1.3.2 Results of Effluent Analyses

The analyses of the stack gases that were determined during the run are summarized in
Table 6. The results indicated that carbon dioxide was formed from the afterburner
combustion, the combustion of hydrocarbons was complete (no detectable hydrocarbons
were found), and a sizeable amount of water vapor was found in the exhaust gases. The
water vapor results from both the combustion of propane and the vaporization of the
quench water.

From the stack gas filtration and vapor collection in the impingers, quantities of
particulates and metals in the stack gases were determined. These measurement results
are shown in Tables 7 and 8.

Although EPA's regulations for "Burning of Hazardous Waste in Boilers and Industrial
Furnaces" (Fed. Register, 1991b) would not strictly apply to the FBPS at LEAD, these
regulatory standards Erovide a relevant guideline. The State of Pennsylvania would
regulate these stack effluents and probably apply similar requirements. The concentration
of particulates in the stack gases was found to be only a small fraction of the Federal
limit, therefore the FBPS should not cause any significant environmental impact in the
area of air pollution. In addition, the metals exiting the stack do not exceed the federal
hourly standards, as shown in Table 8.

These levels of metals emission found are less than one percent of the standards, except
for chromium, which reaches only 27 percent of the standard. No definite increasing
trend of metal emissions occurred from run to run, Furthermore, cadmium and zinc
present must have accumulated in the system from earlier tests, but only very small levels
of these metals are being emitted.
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Table 6
Stack Gas Data
Run No. _ Compositiond .
H20 % 02 % CO2% | THCD, ppm
| 19,1 19.0 1.0 ~ND
2 19.3 19.0 1.0 'ND
3 194 19.0 1.0 ND
Air 1.2 21.0 0.04 2

4 Composition in volume percent, oxygen and carbon dioxide on a
dry basis, except THC.

b THC: total hydrocarbons, as methane by flame ionization detector, parts per million by
volume (dry basis). ND: none detected; detection lirnit was 13.8 ppm, That is
equivalent to 0.009 lbs/hr,

€ Reported components in air, same basis as above (Weast, 1980). Water represents the
level present at 40 percent relative humidity at 68°F.
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Table 7
Concentrations of Particulates and Metals
in the FBPS Stack Gases

un No. articulates etals,
ug/M3
mag/MS cadmium chromium lead anc
j! 6.4 10.8 20.5 48.6 50.6
2 11.1 4.6 20.4 31,0 122
3 10.9 0.2 25.5 109 106
Regulatory | 180,000
std.@

4 From "Burning of Hazardous Waste in Boilers and Industrial Furnaces" (Fed. Register,

1991).
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Table 8

FBPS Stack Mass Emissions,
Weight per Hour

cadmium chromium lead 2N
1 5.0 9.3 ) 42
2 2.0 8.6 22 34
3 3.0 8.6 20 3
Regulatory 260 40 4300 not regulated
sidd,

2 From "Burning of Hazardous Waste in Boilers and Industrial Furnaces” (Fed. Register,

1991b).
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Table 9
Analyses of Quench Water
un INO. etal, m

cadmium chromium lead zine

Inlet water ND ND ND 0.12
I 0.007 0.045 0.21 0.18
2 0.003 0.018 ND 0.15
A ND 0.022 ND 0.11
5):] 0.003 0.20 ND 0.10
Detection limit 0.002 0.006 0.2 0.008

MCLA 0.010 0.05 0.05 none listed

AMCL: maximum contaminant levels from regulations promulgated under the Clean
Water Act (40 CFR Ch 1, 1990e).




L4

X l

The analysis of the quench water was performed according to the TCLP procedure
(ITAS, 1991a). Because these samples are aqueous solutions, the results are equal to the
contained concentrations of the analytes. As shown in Table 9, all of the levels of the
metals were found to be below drinking water "maximum contaminant levels" (MCL) (40
CFR Part 141.11, 1990). Since the quench water and the non-contact cooling bath water
is treated in the IWTP, this aqueous stream should not create a significant impact on the
environment.

The analyses of the FBM from the various parts of the system and one sample of the
shot-blast media are shown in Tables 10 and 11, The TCLP procedure was used to
determine if the spent FBM would be categorized as a characteristic RCRA hazardous
waiast?. while the total metals were determined to provide data for mass balance
calculations.

The data in Table 10 indicate that the FBM reaches a level for lead, 7.5 mg/L, that
exceeds the standard that classifies the solid as a RCRA hazardous waste after only three
test runs. Therefore, spent FBM, floor sweepings of alumina spilled during operations,
and material collected from the cyclone pot would all be classified as hazardous. The
requirements of RCRA to properly store, ship, and dispose of these spent materials
would apply.

To obtain the total concentrations of metals shown in Table 11, the samples were digested
in acids to dissolve them completely before analysis (ITAS, 1991b). These values were
used, along with the results on exhaust gases and cluench water, to calculate the
distribution of these metals in the system (see Section 2,1.4 below).

One sample of special significance was also obtained during these tests. After run no. 2,
a few pieces of black porous material were found in the parts basket. It was assumed that
these represented paint that consolidated during the pyrolysis into an "ash" large enough
to be retained by the mesh of the basket (approximately 1/4-inch square). This ash was
submitted to the laboratory for analysis, along with the other samples, and the TCLP was
obtained first. This procedure consumed the sample so that the the total contained metals
could not be obt:ined, From the TCLP resuit and both types of analyses on the FBM
estimates of total metals contained were calculated. In the TCLP, the sample is extracted
with 20 times its weight of a dilute aqueous acid solution, and the results reported in
mg/L. In these analyses of the FBM samples, 85-97 percent of the cadmium, lead and
zinc was found to be extracted, but only 20 percent of the chromium. The analytical
results for the ash and estimated contained metals are shown in Table 12. This ash may
be representative of the fine particles that will be mixed in with the FBM.

The panels from runs no. 2 and 3 were covered with granular solids that mostly adhered
to the panels. A few of these granules fell from the panels and these were collected on
plastic shectinﬁ in which the panels were wrapped for weighing and storage. Since the
panels from these runs were not cleaned further in the shot-blast unit, they were
examined and the granules scraped off to reveal the character and composition of the
pyrolysis products. The solids from run no. 2 appeared to be nearly black, while the
solids from run no. 3 were yellow-gray color. The scrapings from one batch of steel
(run no, 3) and fromn two batches of aluminum panels (one each from run no. 2 and no.3)
were analyzed for total cadmium, chromium, lead, and zinc (ITAS, 1991¢c). The results
of the analyses and the approximate quantities of solid recovered are shown in Table 13.
Although less than a gram of solid was obtained from each of the aluminum panels,
eleven grams were obtained from the steel panels. Since this quantity exceeds the weight
gain of the panels (Appendix A) and it was a reddish material, it is assumed that most of
this solid is rust (iron oxide).




Table 10
TCLP Analyses of Solids
old vieaia etal, m
cadmium chromium lead zine

Unused FBM . . ND 0.17

Initial FBM® 0.2% 0.021 3.4 0.47
“After run no, 1 0.23 0.032 3.2 0.43

After run no. 3 0.41 0.30 1.3 0.30
“FBM Trom 0.47 0.20 8.2 0.67

cyc:loneb

Shot-blast 2.7 ND ND 180

media®

RCRA stcsd 1.0 5.0 9.0 not regulated

AFBM from the furnace after the start-up run, but before run no. 1,

bFBM sample taken from the cyclone pot after run no, 3,

CA sample of steel shot taken from the shot-blast unit after the first, and only, set of
panels were cleaned in the unit, The shot includes particles that had accumulated in
earlier operability tests,

dThe TCLP prescribes that if a waste exceeds these values in the extract, the waste is
classed as a RCRA hazardous waste (Fed, Register, 1991a),
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Table 11
Total Metals, Analyses of Solids
olid Media ( e l'
u

cadmium chronﬁgn%m lead znc
Unused FBM 0.28 3.0 “ND ND
Inidal FBMA 3.4 6.8 60 1.9
After run no. 1 6.4 3.3 il 0.2
After run no. 3 9.2 19 37 3.0
“FBM trom 11 Ky 260 18
c:yclcneb

8FBM from the furnace after the start-up run, but before run no. 1.
brBM sample taken from the cyclone pot after run no. 3.
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Table 12

Metals in the Special Ash

Sample from the FBPS

M stimate onc,
u
Cadmium T
“Chromium 0.010 .0
Tead 44 790
“Znc 2.8 30
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Table 13
l Analysis of Panel Scrapings
We!gﬂt of
- I Panel Scrapings Metal Content (wt. %)
Sample Metal (gm) __ Cadmium Chromium __ Lead Zine

Run No. 2 Aluminum 0.26 0.09 3.0 17.0 0.2
l Panel Batch X

Run No. 3 Aluminum| 093 0.063 2.1 12,0 0.1
. Panel Batch S

Run No. 3 Steel 11 0.06 1.5 8.6 0.079
l Panel Batch D
I 2-26
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The lead, chromium and zinc were found as expected since the paint contained each of
these metals, However, cadmium was alsc found in this residue. The cadmium
apparently resulted from the parts that were depainted during the operability tests or from
the cadmium plated panels. These results should represent the composition of particles
that may be dispersed into the plant area during the depainting operations.

Examination of the cadmium plated panels that had been treated in runs number 2 and 3,
showed that the plating had apparently melted and then partly coalesced into beads to
leave part of the surface unplated. To examine the surface deposits more carefully and to
determine if the cadmium had changed chemically, samples were subjected to microscopy
analysis (Gravrilovic, 1991, Appendix B). Two samples were submitted for analysis.
One was scrapings from cadmium plated steel panel no. 4 from run no. 3. The other
sample was one of the cadmium plated test panels from the process. The latter panel,
which had been stored for six weeks, showed evidence of extensive corrosion.
Photomicrographs, by visible light and by using the electron scanning technique, were
made, and the composition of the particles was determined by electron microprobe
analysis. This microprobe technique produces both a picture of the distribution of
elements in the particles, and a quantitative measure of elemental concentration. This is
possible because the electron beam used in the technique causes the elements in the
particles to fluoresce at particular wavelengths in the in the X-ray region of the
electromagnetic spectrum. The flunrescence can be either photographed or measured at
various wavelengths to produce the needed information. The pictures are shown in
Appendix B (Gavrilovic, 1991) and the analyses are listed in Table 14, below. The
results indicate that nearly all of the cadmium remains as metal rather than being oxidized
at the operational temperatures of the FBPS., The aluminum found in these surface
dgﬁosits probably results from small amounts of the alumina in the fluidizer media that
adhered to the surface. The small concentration of silicon that was found in the scrapings
probably represents glass that was abraded from the microscope slide used as the scraper.
The chlorine found in these particles was unexpected. Possibly, the chlorine resulted
grorl:'n %ither pickligg of the steel with hydrochloric acid or from the chlorides in the plating
ath that was used,

2.1.3.3 Estimation of Mass Balances of Metal Toxicants

Using the calculation of the total metals contained in the paints coated on the test panels,
and the analyses of the exhaust gases, quench water, and FBM, mass balances were
calculated for lead, chromium, and cadmium, No mass balance could be determined for
zinc because too little zinc was contained in any paints used on the test panels. These
mass balances are shown in Figures 5, 6 and 7.

The three runs were consolidated to provide an overall balance for each metal. The
weights of lead and chromium in the char remaining on the paint were estimated by
assuming that this material was primarily lead chromate pigment. The lead and chromium
accountability equalled 66-67 percent. These values should be considered within the
limits of the precision of all the measurements.

As an example of assumptions and measurements, the FBM in the retort was estimated
by measuring that the FBM was six inches below the top and then using the bulk density
and the dimensions to determine the weight of media. The FBM carried out into the
cyclone was ignored in this calculation. Furthermore, the cadmium accountability is
good (100.6%); it should be noted that because only 2.4 out of 69 grams of cadmium
were added to the system, errors in the precision of the added quantity would be
overwhelmed by the 69 grams that were in the - ystem,
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Table 14

Electron Microprobe Analysis of Materials

from Cadmium Plating

W

SAMPLE Cd Pb Fe Cr Cl S Al Si  C+0
Yellow scrapings & |62.8 | —~ | 7.7 | L2 [ 103 | L7 | 73 | LT [ oal
Sample No. $C-3
~Single metal 959 [ — po o 1 bal
articled
ample No.. $C-3
Letterkenny AD.D | 90 | 69 | 10 | 35 | &7 | —~ [ 315 | - bal,
Surface Deposits
Letterkenny A.D.2 | 41 | — T 02 | 120 [ - I3 | bal
Dark Deposits

8  Sample No. SC-3

Scraf:ings from one Cd plate

Steel panel no. 4, Test Run no. 3, on April 4, 1991,
scraped on April 25, 1991,

b Test Panel, Fluidized Bed Paint, Stripping
Oven Letterkenny Army Depot,
Cadmium Plating Effects
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2.1.4  Operating Cost of the Fluidized Bed Paint Stripper

The purpose of this section is to determine the cost to operate the FBPS based on existing
operational data. Included in this section is the following information: 1) Listings of the
basic operating and process-specific assumptions for calculations; and, 2) Spreadsheets
which identify all costs incurred during operation based on the assumptions.

The FBPS requires one (1) full-time laborer. The critical path of the fluid bed process
consumes approximately 2.25-hours of time and may process 20 uniform parts per cycle.
A total of 7 treatment cycles may be completed in a single production day for a total of
140 parts. Once the operation is optimized, it expected that the critical path can be
reduced to 1.5 hours, by reducing pyrolysis time, time in the shot-blast, and by arranging
to cool a basket of parts while a second basket is being pyrolized.

The solid materials used in the system include alumina (fluidized bed media (FBM)) and
steel shot that is used in the shot blast unit. According to the FBPS manufacturer (Mraz,
1990b), the FBM is lost from the unit by carry over to the cyclone and by drag-out on the
parts and basket at a rate of a;zrroximately 20 gallons ger week. Furthermore, the build-
up of char in both fluidized beds will require that the FBM be replaced with fresh material
once every two years. Pangborn (Minnich, 1991) reports that their shot-blast unit can be
expected to consume 7.2 pounds of steel shot per hour of operation in the blast mode.
This abrasive will become finely divided during the cin'oc:ess with approximately 40
percent of it being collected in the "fines container" and the remainder being trapped as
dust by the prefilter and the high efficiency particulate (HEPA) cartridge. Since some of
the heavy metals from the paint char will contaminate both of these filters, they will be
classed as RCRA hazardous solid waste, The usages and related costs of both these
materials are shown in Tables 15 and 16, for scenarios 1 and 2 respectively. Because
both filters are hazardous wastes, a significant cost of disposal, at approximately $0.45
per pound, will be incurred. Therefore, solid waste disposal can be expected to comprise
six to seven percent of the cost of operating the FBPS.

Two scenarios are used in the cost analysis. The first scenario, the start-up phase
operation, was developed based on the operability test results and data in the
manufacturer's manuals. This scenario is based on observed test conditions from the
operability tests conducted in Section 2,1.2. The second scenario was developed from a
speculation of potential improvements to the system or operating procedures that can be
achieved in a short time frame (less than six months) with minimal cost (less than
$50,000). These changes would be expected to resuit in shorter pyrolysis times at
higher temperatures, better parts basket handling, and optimized shot-blast operation.
The costs developed for the latter case are less certain since all the proposed
improvements would be subject to verification.

Electricity, air, water, and propane for the afterburner are the utilities used in the process.
Electricity is used by the many motors in the system. Some of the motors will operate for
only short periods of the work day while others must run continuously. The hours for
each motor and their consumption of electricity per hour are shown in Tables 15 and 16.
The largest quantity of electricity is consumed by the furnace hezier; it amounts to
approximately half of the total electricity required.

The electricity cost was calculated using these hour demand allocations for the specific
unit operations and the given local kilowatt-hour rate.

A total of thirty gallons per minute (30 gpm) of water is required to operate the FBPS
system. Ninety-nine percent (99%) or more of this water is used to cool the heated parts
in the fluidized bed cooler (FBC) and quench the off-gases {rom the Afterburner.
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Table 15
Fluidized Bed Paint Stripper
Cost Analysis, Start-Up Scenario
ASSUMPTIONS

Day 16 Hours
Year 300 days
Critical Path 2.25 hra,; 7 Cycles per day
Capacily (20) pans per Cycle; 140 pans pef day
Procass (A) Model PCS-2448 Cleaning Furnace with Off-Gas Dilution System 750 F (1.5 hrs./Cycle)
(8] Model PCS-2448 Cooling Bed (0.5 hra./Cycle)
(C) Model AB.30-2 Oft.Gas Handling System’
(D) Low Energy Blast System (0.8 hrs./Cycla)
* This unit runs continuously to maintain operating temperature.

Qparator (AB.C.D} One Dacicated Operator For FBPS 16,00 1,00 man §17.54 $280.64 $84,19200
B (T N

¥

RAW MATERIALS Conl:

Alumina (A)  Alumina Replacement Every 24 monins 16,00 0,13 tbs, $1.20 250 §77840
(8)  Aluminum Oxide Changeout Every 24-Manths 18.00 0.38 tbs. st $7.20  §2,16000

(AB)  Aluminum Oxide Makeup (20- gai.\week) 16.00 3.43 (e, $1.2 $48.88 $19,758.80

Stesl shot (D) Stesl Shot Make-up 350 7.20 ibs. $0.28 $6,30  $1,880.00

e o

18,00 27,00 kW $0.08 $21,60  $4,48000

UTILITY REQUIREMENTS
e Ercceny

: amurigtion
Electric (A)  27KWarddoV,3ph, 80 Hz (750F)
(C)  5HP, 240/440 V, 3 ph, 60 Hz (Exhauster) 18.00 73 kW $0.08 $288 480488
(C)  3HP, 240/440 V, 3 ph, 60 Hz (Burner Blower) 16.00 220 kW $0.08 $1.70  $838401
(D) V4 HP, 460V, 3 ph, 60 Hz (Rotter) 30 0,68 kW $0.08 $0.10 $20.38

(D) 3HP, 480Y,3 ph, 80 Kz (Exhauster) 18,00 112 kW $0.08 $0.8¢ 926048
(D) 18 HP, 480V, 3 ph, 80 Hz {Roto) 450 11.10 kW $0.08 $1.98  §687.25
(D)  'SHP 480V, 3 ph, 80 Hz (Roto) 350 1119 kW $0.08 $168  §88728
O)  U2HP 460V, 3ph 80 H2 350 0.37 kW $0.08 $0.07 $10.87
Air (A} 20 scim atambient; 8 scfm at 850 F (negligible coat) 16.00 8.00 scfm $0.00 .00 $.00
Water {A)  3goh at30 psi supply 18,00 3.00 gal. 0.00048 $0.02 $.62
(B) 27 gpm at 30 psi supply 380 1,620.00 gai. 0.00048 $2.81 §782.48
{C)  3gpmat 30 osi supply 16,00 180.00 gl 0.00048 $132 $397.44
Propane (C) 580,000 Btunhr Startup 14.28 232,00 #13 $0.03 $00.18 $20.754.00
(€) 60,000 Btwhr Smokecycle 1.78 24.00 k3 $.03 §1.28 $378.00
X 1 < N

WASTR DISPOSAL / TREATMENT Cost

Water (A)  3gpm at30 ps aupply {50% Steam) 16.00 ©0.00 gal. 0.00488 $6.70 $2008.80
(B) 27 gpm at 30 pal supply 1850 182000 gal 0.00485 $26.37  $790085
Alymina {A,B) Periosic sisposal* 16.00 3,13 bs, $0.48 §22.54 $4,76080
(A)  Disposal Every 24 manths 16,00 0,13 1bs, $0.48 %097 39118
(8)  Disposal Every 24 Months 18.00 0.37 ibs, 048 $2.70 $804.38
Steel shot (D) Stee! Shot Disposai*® 3,50 7.20 b $0.48 $11.34  $340200

» $ (L

COST PER PART ESTIMATIONS

Total Estimated Operating Coste Maximum $549.08 $170,717.81
Total Parts Processed 140 42000
Cost per Part Processed $4.00 $4.08

*Compriaes floor sweepings, area clean-ups, eic.
“Equai 1o the make-up quannly; collectad rom both the fines {40%) and Aitered dust (0%).

I (D) 1 HP, 480V, 3 pn, 60 Hz (Elevaton 350 0.75 kW $0.08 $0.12  $30.18




Table 16
Fluidized Bed Paint Stripper
Cost Analysis, Optimized Scenario

ASSUMPTIONS
Qay 16 Hours
Year 300 Jays .

Crtical Path 1.5 hrs.: 10 Cycles per day
Capacity (20) pars per Cycle; 200 pans per day
Process (A] Model PCS-2448 Cleaning Furnacé with Off-Gas Dilulion System 880 F (1.0 hrs./Cycle)
(B) Mocel PCS-2448 Conling Bed (0.2% hrs./Cycle)
(C) Model AB.30-2 Off-Gas Handling System *
(O} Low Energy Blast Syslem (025 hrs./Cycle)
< This unit rung continuously 1o maintain operating lemperaiure.

*Comprises floor sweeings, area clean-ups, etc.
“*Equal 1o the make-up quantity; coliected from both the fines

{40%) and the Flterad dust (60%).

LADCR ’ B o Cost
Qperator (A.B)  One Dedicatec Operator tof FBPS 16.00 1,00 man $17.84 $280,64 $84,192.00
l RAW MATERIALS- _ . Cost
Aumina [A)  Alumina, Replacemant Every 24 months 16,00 0.13 lbs, $1.0 $2.59 §77540
(8]  Alumira, Replacomant Every 24 montns 16.00 0.37 bs. $t.20 $7.40  $2167.00
: l (AB) Aluminum Oxide Makeup (20 - Gal.Week) 1600 0.43kbs,  $120 96584 $1075680
Steel shot (D)  Stesl Shot Make-up 16.00 7.20 1bs, $0.28 $20.60  $8.640.00
l UTILITY REQUIREWENTS: , R UM .
. Electric [A) 27 KW ar4a0V, 3oh, 80 H2 16,00 27.00 \W $0.05 $2180 $8.480.00
{C) 5 HP.240/440 V, 3 ph, 50 Hz (Exhauster) 16.00 AW $0.08 $208 980485
(C) 3HP, 240/440 V, 3 ph, 60 Hz (Burner Blowsr) 16.00 224 %W $0.08 $1.70 $5380!
, (D) 4 WP, 460V, 3ph, 60 Hz 250 0.58 kW $0.05 $0.07 §2097
{0) 1HP, 460V, 3ph, B0 Hz 280 0.76 kW $0.06 $0.00 §2746
(D) 3HP. 480V, 3ph 80Hz 16.00 1,12 kW $0.05 $0.89  $288.48
D) 15 HP, 480V, 3 ph, 60 He 2% 14.19 kW $0.08 $1.40  $419.48
X {D) 15 HP, 460V, 3ph, 60 H2 2,50 11,19 kW $0.05 $1.40  $410.48
(D) V2HP, 460V, 3ph 60 H2 250 0.37 kW $0.08 $0.08 $1398
Air (A) scim &t ambient; ¢ sctm at BSOF (nogiigidle cost) 16.00 8.00 sefm $0.00 $0.00 $0.00
Water (A)  4gphat 30 psl supply 16.00 3.00 gal, 0.00048 $0.02 $8.82
(8) 27 gom at 30 pal yupply 125 182000 gl 0.00048 $093  $270.45
{C) 3 gpm at 30 psi supgly 10.00 180.00 ¢al 0.00048 $0.83 $248.40
Propane (C) 580,000 Btwht Startup 13.5% 232,00 143 $0.03 $03.98 $28,188.00
I 1C) 60,000 Btwhr Smokecyclv 2.50 24.00 1*3 $0.03 $:.80  $540.00
WASTE OIBPOBAL / TREATMENT R L i
ftem ProcsepDescriplion . g hemidiey. Baladit. T 3 ]
Watet {A)  3gpmat30 psl supply (50% Steam) 10.00 90.00 gal. 0.00485 $4.19 §1255.50
» (B) 27 gom at 30 psi supply 126 182000 gal 0.00485 $0.42 $2824.88
Aluminum Oxica (A, B) Periodic disposal® 16.00 3.120bs, $0.48 $22.54 $6.76080
| l (A)  Disposal Every 24 months 16.00 0.13 v, $0.45 $0.97 $201.15
(B) Disposal Every 24 Manths 16.00 0.37 lbs. $0.45 $2.70 80802
Steel shot (0) _Steal Shot Disposal” 2.5 7.20 bs. $0.48 $6.10  $2.430.00
: l 9 . .
: CORT PEA PART DSTIMATIONS
: Total Estimated Operating Costs Maximum $560.79 $188237.9
. l Total Parte Processsd 200 80000
Cost per Part Processed 20 $2.80




. R )

Approximately 27 gpm is used to cool the heated parts as the fluidized cooling bed is in
use. As shown in Table 15, the FBC operates for 3.5 hours during a normal production
day. Therefore, approximately 5,760 gallons of water is needed per day. The
afterburner requires 3-gpm or 180 gph to scrub the off-gases generated from pyrolization
and combustion, This water is used continuously throughout the production day and is
discharged to the industrial water treatment plant (IWTP) for disposal. The remaining
water (0.05 gpm) is used as a "snuffer" for the fluidized fizrnace bed to eliminate an
explosive atmosphere. In the utility usage, water is a minor component of the cost in
either scenario,

The propane demand for the afterburner unit is dependent upon the off-gases supplied by
the fluidized-bed furnace. During the 0.25-hour smokecycle, it was assumed the
afterburner operates at a 60,000 Btu/hr propane demand. The remaining time, 0.25-hour
start-up and throughout the two shifts it was assumed the afterburner operates at a
580,000 Btu/hr propane demand. The propane supply rate necessary to maintain the
afterburner demand was based on the heat-of-combustion value generated by propane.

Although the afterburner flame could possibly be shutdown between periods of
pyrolysis, the most recent operability tests indicated that the operating chamber
temperature of 1400'F could not be achieved if propane was shut off after each run
without heat-up periods that would significantly extend cycle times, However, continued
production experience might prove that this assumption is incorrect, and some small cost
reductions could be realized by redured use of propane and electricity.

It is assumed the spent aluminum oxide from the fluidized beds and the steel shot from
the low-energy blast cabinet will be disposed as a hazardous waste at the rate of $0.45
per pound. The water generated from the fluidized cooling bed is disposed to the IWTP.
It was assumed that approximately 50% of the afterburner quench stream is discharged to
the air as steam and the reminder 1.5-gpm is discharged to the IWTP. These were the
only waste streams identified in the FBPS process.

Based on the assumptions described above and listed in Tables 15 and 16, the annual cost
of operating the FBPS under scenario 1 is $170,717.81 per year for 42,000 parts or
$4.06 per part processed. The annual cost under scenario 2 would be $168,237.99 for
60,000 parts or $2.80 per part processed.

2.2, Caustic Stripping

2.2.1 Process Description

The Caustic Soda Stripping Process (CS) is a simple process that consists of the
following major components: 1) A trichloroethane vapor degreasing unit, 2) A 3,000-
gallon heated caustic solution tank; and 3) A 3,000-gallon rinse tank. A semi-automatic
hoist is used to transfer parts from one tank to the other and also for loading and
unloading baskets. Currently, a pilot scale filtration unit has been integrated into this
paint stripping operation. Figure 8 presents a process flowchart for the caustic solution
paint removal process. A discussion of the potential economic and environmental impact
of the filtration unit is mentioned in Section IV. However, this pilot scale unit will not be
considered during the description or cost estimation of the CS.

The CS process is a batch operation that requires a total cycle time of 2.5 hours. To
begin the process, the parts are first placed in the vapor degreasing unit. Trichlorocthane
(TCE) is used in this unit to dissolve the grease and wash away the dirt from the parts.
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The TCE vaporizes and is then condensed by a water coolant system to continually
recycle it through the parts. After all grease and residues are removed, the work basket is
placed in the 200°F caustic solution. In the 3,000-gallon tank, 2,500-gallons of specially
formulated caustic solution is used. LEAD personnel use approximately 4000 lbs, of
caustic flake a week to maintain the proper pH level to remove the paint and other
coatings. The parts remain in the caustic bath for a period of 2.0 hours. This represents
the critical path for the process and determines the maximum number of cycles each day.
The organic and inorganic material removed from the l_?arts are present as soluble
products, suspended particles, and precipitate. These materials or contaminants decrease
the lifespan of the caustic solution so that it must be periodically disposed of and
replaced. After the cycle time has been completed, the work baskets are removed and are
suspended over the solution tank to allow sufficient drainage. The work baskets are then
transferred to the rinse tank. The total time for drainage and rinsing is 0.5 hours. The
rinse tank is continually supplied by the coolant water from the vapor degreasing tank.
Placement and removal of work baskets creates a periodic overflow from the rinsewater
tank, which is discharged directly to the industrial water treatment plant (IWTP), After
being rinsed, the CS cleaning process is complete and the parts are ready for painting.
Table 17 summarizes the operation parameters for this process.

2.2.2 Effluents Produced

Because of its 200°F operating temperature, the caustic solution tank can process only
steel parts, Aluminum parts are subject to severe corrosion and pitting. The caustic
solution tank may process (strip and rinse) 100 parts in a total time of 3.0 hours.
However, multiple baskets may be processed reducing the critical path time of this
process to the retention time of the caustic solution tank, which is 2.0 hours. Therefore,
a total of 8 cycles may be performed during a 16-hour production day.

The waste generated by the CS process is primarily spent caustic solution and sludge.
Due to a gradual development of contaminants that impede the effectiveness of the caustic
solution, the solution is disposed and replaced once every 4 to 6 months. To minimize
the waste volume, the caustic solution is evaporated with heat in place (termed: "baked
off") to approximately 1,200 gallons and is disposed off-site as a corrosive hazardous
waste, To develop a new caustic solution, a mixture ratio of three pounds caustic flake
and water to make one gallon of solution is used. Other waste streams generated by the
CS process are the overflow from the rinse tank, which is discharged to the IWTP and is
treated on-site, and the spent TCE and vapor degreasing residues disposed off-site as
hazardous waste.

2.2.3  Cost Analysis of Caustic Stripping

In order to achieve an accurate and direct comparison, the number of variables between
these paint stripping processes must be reduced to a minimum. Cost estimate calculations
were based on both basic operating and process specific assumptions. The assumptions
made for the specific paint stripping processes are discussed in the following
sugs?%dons. The basic operating assumptions for all processes are listed in Table 15, 16
and 18.

As mentioned in the process description, both processes may treat steel parts but due to
the FBPS operating temperature, certain alloys may not be acceptable. This issue is
beyond the scope of this report therefore, the part materials are assumed to be consistent.
The loading allowance for both processes is dependent upon the part size and geometry.
To allow a direct comparison, the part dimensions are assumed to be uniform in size.
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. Table 17
Caustic Stripping Data
l Component Cycle Time Temperature Toad
' Vapor Degreasing | 0.5 hours 158 - 165°F 100 parts / cycle
Caustic Tank 1.5 - 2.0 hours 200°F 100 parts / cycle
l Rinse Tank 0.5 hour Ambient 100 parts / cycle
l 2-38




Table 18
Caustic Stripping Tank
Cost Analysis

ASSUMPTIONS
Day 18 hours
Year 300 days
Cntical Path 2.0 hre,; 8 Cyclos par day
Capacty (100) parts per treaiment; 800 pans per day
Procest (A) Vapor Degreaser (0.3 hrs./Cycle)

{8) Caustic Stroping Tank al 200 F (1.4 hrs/Cyele)

(C) Rings Tarw (0.8 hre.Cycia)
Oparator (AB,C) One Qperator, 80% of his time 18.00 1784 $183.70 $40.109.13
RAW MATHRIALY : Ul SRR I DU
bam ~ Aeoriation Gt ey B Unt A .
Trighlorcethane  (A) leor Doqrmlng Chamica! 4.00 0.58 gnl, $1.98 $4.56  $1,368.00
Caustie (8)  Caustic Flake for Tank Regeneration Every & Monthe 16.00 313 Ibs, $0.08 $3.00  $900.00
Caustie (B) _Make-up Caustic Fiake (b3 pet day) 16.00 5,00 lbs. 08 80

Exhaust Blower (14 Amps, 480 V3 ph) $0.08 8220  $580.00

. 11.00
(A)  Rafrigeration Unit 400 5,10 kW $0.08 $1.02  $308.00
(8) 7.8 HP Blower 16,00 5,50 kW $0.08 $447 $1341.00
Water (A)  Chiller Water Pretreatment 1600 280,00 gai, 0.00048 $1.64  $852.00
Air (B)  Ar Supplied for Agitation (Negligibie cost) 16,00 0,00 soim $0.00 $0.00 $0.00
Steam (A)  Steam Requitemants (120 pel) 400 180000 Bt 0.00000832 33 19 $087.60
(8)  Steam Requirements (120 pel) 16,00 0 B ,

0.00000632

WASTE DIOPOSAL AND Tl!lM'IllN:‘r :
Trighioroetiane  (A) Spont So'vont Dlmlll 4.00 0.29 gal. $1.00 $1.16  $4378
Water/Sludge  (B) Caustic Tank Disposal Every 8 months 16.00 0.58 gal. $5.60 $48.03 $14,400.12
Water (C) Rinse Tank Cvertiow Oisposal 16.00 ZS0.00_EL 0.0047 18.80 840.00
COSTPER PART SSTAATIONS: - - -
Total Estimeted Oparsting Costs $251.08 975,155
Totsl Paris Processed 800 240,000
Cost per Part Processed 0N $0.1
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For this cost per part calculation, it is assumed that the critical path time for the CS
process is 2.0 hours. Given a 16-hour work day, a total of 8 treatment cycles may be
conducted through the duration of the day. It is estimated that each treatment cycle may
process one-hundred 100 uniform parts for a total of 800 for the ‘roduction day.

As described in the previous section, the caustic solution tank is a simple process that
requires minimal labor and utlity demand. As described by LEAD production managers,
one laborer may operate three caustic solution tank and rinse units simultaneously.
Therefore, the labor demand (x) to operate one (1} caustic solution tank and rinse unit is
equal to one-third laborer (1/3x). The vaﬁ)r degreasing unit, the initial step of the CS
process, requires one full-time operator. However, the vapor degreasing unit supports
three additional paint stripping processes, therefore, the labor demand (x) dedicated to the
CS process is one-fourth (1/4x). Combining the labor demand of the caustic solution and
rinses tanks (1/3x) with the labor demand of the vapor degreasing unit (1/4x) a total of
seven-twelfths (7/12x) or 58% of one laborer is required for the CS process. This labor
demand fraction was used to calculate the cost of labor for operation of the CS. The
labor rate, $12.00 per hour is fully burdened. The same approach to estimate the labor
demand for the vapor degreasing unit operation was also used to calculate the raw
material, utility, and waste disposal cost estimates required to support the CS process.

To estitnate the cost of raw materials, it is assumed the caustic solution tank is
regenerated every 6-months, The solution consists of 3-1bs. of caustic flake to 1-gallon
of solution. Only 2,500-gallons of solution is placed in the 3,000-gallon tank, therefore
7,500-1bs. of caustic flake is needed each time for regeneration. LEAD dpersonnel will
sometimes decant the caustic solution rather than baking to reduce the solution volume for
disposal. This decant solution is then returned to the holding tank and used in the
regeneration %roccss. However, for this cost estimate a worse case, 100% regeneration,
is assumed, During operation of the caustic solution tank, caustic flake is continually
added to maintain the proper gH. Approximately 80-1bs. of caustic flake is added per
day. This expense, as well as the material for regeneration, is listed as raw materials.

The utility requirements for the CS process are minimal. The steam requirements for the
caustic solution tank were calculated given the pressure and diameter of the steam to
which it passes into the unit operation. This cost estimate does not include any heat
losses or steam quality reductions. The cost of the air supplied for agitation is assumed
to be negligible.

Every 6-months the contaminated caustic solution is disposed. In order to reduce the
volume for disposal, the solution is "baked down" (evaporated) to 45-50% of its original
volume. This concentrated caustic solution (pI1>14) and two 55-gallon drums of
residual sludge residues are disposed as corrosive hazardous waste. Approximately
2,620-gallons of hazardous waste is disposed annually. The $5.50 per gallon disposal
rate for the hazardous waste is provided by LEAD personnel, The rinsewater tank is
steadily replenished with water from the vapor degreaser cooling unit at a rate of 250-
gph. The overflow from the rinsewater tank is generated by the displacement of the
water as the work baskets are placed in the tank. Assuming steady state operations that
maintain a constunt water level in the rinsewater tank, the 250-gph inflow from the vapor
degreasing unit is equivalent to the overflow discharge rate to the IWTP.

Based on the assumptions discussed in Section 2.2.1, as listed in Table 18, the annual
cost of operating the CS is $75,315.51 or $0.31 gcr part processed. This cost does not
reflect recent improvements in the CS brought about by using filters for on-line sludge
removal which would significantly reduce down-time and caustic usage.
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3.0 Summary, Comparison and Conclusions

3.1 Cost Comparison

Initial capital and construction cost, as well as maintenance costs are outside of the scope
of this study. However, such costs would be essential components in any decision-
making process for choosing an appropriate paint stripping method. This cost
co?%agison looks solely at andg compares the annual operating costs for both the FBPS
an .

The annual cost of operating the FBPS was determined in Section 2.1.4 to be
$170,718/year or $4.06 per part processed. These numbers were based on operating
conditions determined from the cnerability test of Section 2.1.2, conducted on the
existing LEAD FBPS with no modifications, to be optimal in achieving desired paint
removal while minimizing resource consumption and environmental impact.

A second scenario was set forth in Section 2,1.4 which evaluated the same FBPS but
further optimized operating costs based on a speculation of process improvements which
could be undertaken in a short timeframe (6 months to 1 year) with reasonable cost (less
than $50,000 total cost), These improvements could include modifications to the
handling system to allow multiple and concurrent activities, improved controls on fuel
and combustion air to the afterburner furnace, and expansion of vent system capacity.

The annual cost of operation of the FBPS under the second scenario was determined to
be $2.80 ger part processed. The total annual cost changed slightly to $168,238, but the
total number of parts processed increaued almost 50%.

However, even with process optimization, the cost to process a part through the FBPS at
$2.80 is still almost one order of magnitude greater than the CS at $.31 per part
grocessed. The annual cost of operation of the CS was determined in Section 2.2.3 to be

75,315.51 or $0.31 per part processed with four times as many parts processed per year
(240,000 parts). Furthermore, this does not reflect additional reductions in operating
costs based on recent improvements in the CS brought about through the use of filters
for on-line sludge removal that reduce caustic consumption,

The FBPS involves more labor intensive operations due to greater handling requirements
and controls and processes requiring increased operator attention. In addition, the FBPS
is more energy consumptive in its present configuration requiring significant quantities of
propane, electricity air and water for normal operations relative to the CS.

3.2 Operational Comparison

3.2.1 Materials Impact

In order to remove paint from metal parts in the FBPS, heating bed temperatures in
excess of 650° F are required. Such temperatures were found, in this study and a parallel
study at RRAD, to cause aluminum to lose its desired temperature hardness or temper.
Because it is impractical to incorporate a heat treatment step in the LEAD paint removal
operations to restore temper, it was determined that use of the FBPS for paint removal
was appropriate only for non-aluminum alloy parts. This would also apply to any other
temperature sensitive parts or alloys. The CS operates at 200'F and, therefore, has much
less thermal impact on parts and alloys.
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Rubber, plastic and other organic residues are completely removed and destroyed in the
FBPS. Grease is removed from parts in the trichloroethane vapor unit at LEAD.
However, rubber and plastic still must be removed from the parts prior to depainting in
the CS, whether such materials are to be reused or not.

The FBPS is more sensitive to part shape, configuration and basket orientation than the
CS. Certain shaﬁes can cause temperature gradients across parts during pyrolysis with
the FBPS thus inhibiting paint removal and possibly causing thermal and physical stress,
In addition, residual FBM can only be removed from some parts by adding another
cleaning step, while in others, such as those containing bearings, it is not removable
through any reasonable efforts.

3.2.2 Worker Safety

The hot fluidized bed operates at 800 to 1,000°F. Metal parts processed in the bed are
heated to bed orerating temperature, The afterburner operates between 1,400 to 1,600°F
and may sometimes reach 2,000°F. There is a potential for burns due to human contact
with the FBPS surfaces and metal processed in the FBPS. The FBPS is designed with
insulation and by configuration to shield workers from coming in contact with any
surfaces hot enough (over 110°F) to cause burns,

The organic material in the FBPS is pyrolized in air, but the quantity of air does not
contain sufficient oxygen to convert all of the carbon to carbon dioxide, Therefore,
carbon monoxide will be faresent in the gases escaping from the top of the hot fluidized
bed. The afterburner will normally convert the carbon monoxide to dioxide. Since
carbon monoxide is a colorless, odorless highly poisonous gas, all leaks should be
avoided, and the cabinet doors should be closed tightg'. Other poisonous gases, such as
nitrogen oxides and formaldehyde, may also be formed by the pyrolysis of certain paints.

The most significant worker exposure problem created by the FBPS is FBM dust, Under
heavy gas load conditions (e.g., initial stages of paint stripping, air to the cooling bed
during stripping), copious quantities of dust can be emitted from the FBPS cabinet and
vent system. The quantity of dust is proportional to the gas load and extent of vent
system restriction (e.g. plugged cyclone).

Dust is generally only a nuisance problem. In this case, the FBM dust can be and is
usually classified as a "hazardous waste" under 40 CFR Section 261.24. This is so
because of the lead and chrome containing paints stripped in the FBPS which quickly
build up the concentrations of these metals in the bed to above regulatory acceptable
levels within a few runs., This was verified in the environmental impact studies
conducted on the FBPS in Afril. 1991, Therefore, FBPS workers and any other
workers employed in the building housing the FBPS must be provided with the
necessary respirators, equipment, and health monitoring as required under the OSHA
requirements of 29 CFR Section 1910.1025 for workers exposed to lead.

Although it might be possible to prevent the FBM reaching hazardous levels by changing
it after every few runs, this would be costly at $1.20/pound of alumina. Frequent
changing of the FBM would make an already costly o eration prohibitive. This will
remain a problem, however, only as long as there is lead-containing paint to be stripped
from parts. Depot personnel project this period to be approximately five years.

The FBPS is designed to safely pyrolize grzase, oil, and other organic matter on part

surfaces, and to burn the gaseous pyrolysis products in the afterbumer. Overloading the
system with organic matter can produce high temperature excursions that could damage
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the afterburner. In addition, overloading the system with organics could produce
potentially dangerous emissions of incompletely burned organic matter,

If the organic matter is especially volatile or reactive (for example, fuel oil, gasoline,
munitions, etc.) instantaneous overloading of the system and exﬂlosions are possible. If
the afterbumer is accidently extinguished during pyrolysis, which is an unlikely incident,
flammable and potentially explosive gases may accumulate in the system.

Aside from the worker safety Srecautions normally undertaken for handling heated
corrosive liquids (NaOH), the CS has no unique safety requirements, The CS and FBPS
operators are required to use and wear the following safety equipment at all times while
operating the FBPS or CS:

insulated gloves

insulated apron

face shield and safety glasses

long sleeve shirt with sleeves completely covering
the arms

steel-toe safety shoes.

3.3 Hazardous Waste Generation

3.3.1 Quantities and Types

The paint used on older military equipment often contains lead compounds and/or
chromium compounds as pigments. In addition, some painted parts have been plated
with cadmium or chromium, In certain processes some or all of the formulated and/or the
plated metal may be removed. These metal compounds are toxic substances that are
regulated by the U.S. EPA as hazardous waste. Therefore, even thouPh there are no
toxic solvents or reactants in the process, some hazardous waste will still be generated
upon paint removal,

A mass balance conducted around the FBPS found that the heavy metals did not
concentrate in air emissions or water effluents sufficiently to classify these si-eams as
"hazardous." However, heavy metals were found to concentrate in the FBM after only
three runs. PR

Approximately 18,000 pounds per year of FBM, containing toxic quantities of cadmium,
chromium, and lead. will be disposed of as a result of FBPS operations. This is

compared to approximately 3,000 pounds per year of NaOH sludge containing heavy
metals and organics from the CS.

3.3.2 Other Means to Depainting Waste Reduction
Molten Sait Bath Cleaning Systemn

.-

Process Description

The molten salt bath cleaning process completely removes paints, powder coatings.
crganics, polymers and residue gom metal parts. At bath temperatures within the range
ot 600 to 1000°F most surface materials dissociate and are released from the molten bath
surface as decomposition products. Some of these products may inter-react with the
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constituents of the molten bath to produce a clean surface free of all organic
contamination. By varying the chemistry and temperature of the molten bath, the reaction
rate is controlled, thus avoiding thermal-chemical damage to the product being cleaned.

The molten bath chemistry is selected for a given application and consists of a nitrate,
caustic, and other additions to enhance the reaction process. While most of the reaction
products are volatile, the volatile gases (if combustible) will ignite and burn off the bath
surface under controlled conditions, As a result of the reaction between the molten salt
and the organic material, the molten bath becomes contaminated with carbonates,
pigments, and inert materials, These contaminations may exist as soluble products, as
susrended particles, or as a precipitated product. If not removed, these contaminations
will reduce the cleaning efficiency of the molten bath. Specially designed equipment is
available to continuously remove these contaminants,

Results

Test batches were run at 600, 700 and 800°F for 2.5 minutes, 2 minutes and 1 minute,
respectively. A combination of aluminum and steel panels and parts were stripped.

Paints and orﬁanics were comnpletely removed from the aluminum panels. The surface
hatt')dnesgs of these panels was measured before and after. These results are shown in
Table 19,

It was concluded that although the molten bath cleaning system can remove paint and
organics very quickly (in minutes), exposure of the aluminum to the high temperatures is
still sufficient to reduce hardness in the panels. This is unacceptable to LEAD and
eliminates the molten bath cleaning system as a viable alternative process for
paintstripping of aluminum parts,

Likewise, the molten bath completely removed paint and organics from the steel panels.
However, it did not remove rust and, at higher temperatures, formed black oxide on the
surface of the panels. This characteristic renders the molten bath cleaning system
unacceptable for stripping paint from the steel parts at LEAD because the addition of a
rust removal step into the molten bath process would defeat the purpose of adopting the
process as an alternative to the CS.

3.4 Conclusions

The objective of this study is to evaluate the viability of the FBPS as a method of
removing paint from metal parts at Army depots to cmpare the operability, economic
performance and environmental impact of the FBPS with existing paint removal systems
and to derive conclusions regarding the appropriateness of replacing existing paint
removal systems with wne FBPS,

The following conclusions were derived trom this study:
Conclusion 1:
The FBPS is not a suitable replacement for chlorinated solvent stripping

systems currently used to remove paint from aluminum and aluminum
alloy parts at Army Depots.
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Table 19
Molten Salt Bath Cleaning System
Aluminum Hardness Results

Xtummum femperature ”me gﬂ
.

Alloy F Bath R R
5052-H32 600 25min] 154 11.8
700 min| 154 0

. J.
800 1 min] 150 2.2

6061-T6 600 2.5 min] 53.1 18.6
700 n| 471 1.3
300 1 min 6.9 6.9
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Basis: This study, in conjunction with a similar study conducted at RRAD, found that
aluminum and aluminum alloy parts when exposed to the 700 - 800°F temperatures of the
I'BPS for the 1-2 hours residence time required to pyrolize paint lost essentially all of
their hardness or temper, It is possible to restore this property through the addition of a
heat treatment step in the repainting process at the depot but this has been deemed
impractical by DESCOM personnel,

A preliminary evaluation of the Molten Salt Bath as a paint removal alternative confirmed
this conclusion regarding effect of temperature on aluminum hardness and gave some
indication as to how temperature sensitive aluminum parts are. Exposure of aluminum to
a temperature of 600°F for only 2.5 minutes caused a 65 percent hardness reduction.
Exposure to 800°F for only 1 minute caused an 87 percent reduction.

Conclusion 2:

The FBPS can be used to remove paint from non-aluminum and non-heat
sensitive parts but the cost is an order of magnitude greater to operate that
its alternative for this purpose, the Caustic Stripping Process or CS,

Basis: The FBPS cost $4,06 per part cleaned as compare to $.31 per part for the CS.
This disparity is due to the fact that the FBPS is more labor intensive and energy
consumptive than the CS, Even the optimized scenario for the FBPS would resultin a
cost of $2.80 per part processed,

The FBPS requires 72% more labor due to greater handling requirements and the need
for more operator attention. The FBPS also consumes more energy in the form of
electricity and propane gas due to the greater number of motors incorporated into the
system and high thermal requirements both for heating and pyrolysis of paints and
combustion of unburned gases,

Conciusion 3:

In the course of removing paints, coatings, or glatings containing toxic
metals (e.g., lead, chromium, cadmium), the FBPS will cause the FBM to
become a "hazardous" substance,

Basis: Although the FBPS does not incorporate toxic solvents or materials in its paint
removal process, it does remove heavy metals formulated in paints and contained in
coatings and platings from the surface of parts and deposit them, to some extent, into the
FBM. The exact mechanism for each metal is not defined but significant increases in
toxic metals concentration in the FBM have been observed after only three FBPS runs.
There is no question that the pyrolysis of paints, coatings, or platings containing toxic
metals in the FBPS will result 1n fluid bed material which exceeds the regulatory limits of
40 CFR 261.24 for these metals. This will cause the FBM to be classified as a hazardous
waste. Of course, this will become less of a problem as the presence of paints containing
lead and chrome diminish but must be taken into consideration until such time.

A mass bulance conducted around the FBPS during its operation determined that the

FBM containing toxic metals as well as the toxic metals themselves are not found in any
significant concentrations in either the stack gases or effluent water to the IWTP.
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Conclusion 4:

In the course of removing paints, coatings, and platings containing toxic
metals, the FBPS wiil generate more solid hazardous waste requiring
disposal than the CS.

Basis: As stated in the basis for Conclusion 3 above, the FBPS will generate toxic metal-
contaminated FBM in the course of treating paints, coatings and platings containing toxic
metals, [t is estimated that the resulting solid hazardous waste requiring disposal will
amount to about 20,000 pounds per year as compared to the 3,000 pounds per year of
caustic sludge from the CS requiring disposal.

Conclusion §:

FBPS workers and any workers in the building containing the FBPS will
I(J:GF ls!ub{gcfotgo(Z)EHA requirements for employees exposed to lead under 29

Basis: As stated in the bases for Conclusions 3 and 4, when the FBPS removes paints,
coatings or platings containing lead, the FBM rapidly increases in lead concentration and
exceeds the threshold defining it to be a hazardous waste within the first few runs,

This means that the dust emitted from the FBPS cabinet is not onlf a hazardous waste by
definition but contains high concentrations of lead. Although ambient air monitoring was
not conducted during this study, the concentration of lead in the dust and the quantity of
dust emitted from the FBPS would lead to an expectation of potential operator exposure
in excess of the action level of 30 micrograms per cubic meter of air averaged over an 8-
holt)xr period and possibly as high as the permissible exposure limit of 50 micrograms per
cubic meter,

In any case, the dust must be considered as a hazardous material containing lead and
handling, monitoring and personal protection procedures as required by 29 CFR
11=9Blg§1025 should be implemented for all workers employed in any building housing the
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SECTION I. INTRODUCTION

This test plan provides specific information regarding evaluation of the fluidized bed
paint stripper (FBPS) at the Letterkenny Army Depot (LEAD). Included is a brief
introduction on how the fiuidized bed works, a discussion of the test objectives, and
specific test procedures and methodologies. The U.S. Army Toxic and Hazardous
Material Agency (USATHAMA), through Its contractor, International Technology,
Environmental Programs (ITEP) will test and evaluate a Procedyne Corporation FEPS at
the LEAD. The FBPS is a production unit used to remove paint, oils, and greases from
metal parts by immersing the parts in a fiuidized bed of aluminum oxide granules
maintained at temperatures high enough to pyrolyze organic matter. Typical temperatures
range from 700 to 1,000 °F with residence times in the bed of approximately one-two
hours.  There is Insutficient oxygen in the bed to support complete combustion.
Therefore, organic matter on the parts and in the coatings (paints and primers) are
pyrolyzed in the FBPS to hydrocarbons, carbon, and carbon monoxide. An In-line
gas-fired incinerator burns the carbon monoxide and hydrocarbon gases formed. The
products of combustion are exhausted through a water quench scrubber to the
atmosphere.

During the pyrolization, the binders (organic compounds) In the paints and primers
are destroyed. Once the binders are destroyed, the part is left coated with a loosely
adhering char composed of carbon and inorganic paint pigments. The char is removed
using a low-energy shotblaster or other removal techniques, leaving the part ready for
recoating.

The FBPS is an alternative to liquid-based paint stripping systems. Presently, a hot
casutic soda (sodium hydroxide, NaOH) bath is used to remove old paint from steel
parts. In this process, the pieces must first be degreased in a trichioroethane bath and
dried before caustic treatment. Salvent-based paint stripping systems that use methylene
chloride or other chicrinated solvents have been used, but this process is not installed
at LEAD. The soivents physically swell and destroy the binding properties of the organic
materials in the paint. Once destroyed, the remaining coating material is removed with
washing action or shotblasting before recoating.

The caustic soda process destroys the binding materials (organic polymers) in the
paints to releage the pigments and other components as dissolved materials and fine
particles. The process is limited to chemically stable materials such as stesl and stainiess
steel; the caustic will corrode aluminum, zinc, and magnesium. The particies separate
as a sludge which must be classified under feceral laws as a hazardous waste. The
sludge and waste solution is contaminated with toxic lead, chromium and, possibly,
cadmium compounds that make up part of the paints. Because of the toxicity, it is
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hazardous and very costly to properly dispose of the sludge and depleted caustic
solution.,

Chiorinated paint stripping solvents are toxic and volatile. Methylene chioride, the
most commonly used solvent, is especially volatile (bailing peint 40 °C or 104 °F), The
chemical paint stripping process and the solvent process both generate sludge. The
sludge consists of stripped coatings and salts of materials used in the process, solvents
or caustic soda. The siudge Is listed as a categorical hazardous waste and must be
disposed of as such. ITEP and USATHAMA believe that installation of the FBPS may
reduce atmospheric releases of strippsr compounds (mostly chiorinated soivents) and
reduce the volume of hazardous wastes requiring disposal. Therefore, the objective of
this test program is to evaluate the use of a FBPS to determine if the process will reduce
hazardous waste while satisfactorily removing coatings (or assisting removal) and facilitate
reuse of parts at the LEAD,

A FBPS is an alternative to chemical paint stripping. However, the FBPS uses high
temperatures that may affect properties of certain parts (temper, hardness, metailurgy,
physical dimensions etc.). A companion program at Red River Army Depot will address
the etfect of high temperatures and rapid cooling on metal properties. Preliminary studies
have shown that aluminum alloys are adversely affected by the temperatures reached in
the unit (see J. E. Spessard, Memorandum To: Project File, March 28, 1980). Therafore,
this project at LEAD will concentrate on determining the FBPS's usefulness as a
cost-effective, hazardous waste minimization process. This test plan defines how this wil
be done.

The test plan is a fluid document that will be revised as the testing progresses.
This is Revision No. 1. The test plan wil be maintained in & loose-leaf binder and
periodically updated. Distribution of the document is controlied and each copy numbered
and assigned to a specific user. Updates will be issued on an as needed basis to the
plan holders. The plan holders will be responsibie for replacing the revised pages and
removing and discarding replaced pages. Each page will be identified by revision
number, section, page number, and revision date. A revision history is Included in the
Preamble.
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SECTION Il. OBJECTIVES OF THE TEST PLAN
The objectives of these tests at LEAD are:

J To determine the economics of operating the FBPS for varlous
parts/coating systems.

) To determine the impact on the environment of operating the FBPS.

The economics of operating the FBPS are to be analyzed to compare this process
with the present caustic stripping process or any other new proposed process. To make
this analysis we plan to make test runs with the unit to determine its method of operation
and to obtain energy and materials useage data. The generation of hazardous waste
may be a significant cost factor because of disposal or treatment costs. The same toxic
components in the paint and metal parts (lead, chromium, and cadmium compounds) will
accumulate in the process and must be properly disposed.

The impact of operating the FBPS on the environment must be evaluated as a
comparison to other methods of paint stripping and to determine if any unacceptable
environmental hazards are created. The FBPS may generate hazardous air emissions
from unburned crganics or particulates which may escape the in.line incinerator, Either
one or both of these items may not be acceptable under state air regulations. Also,
because of the old paints to be stripped, the particulates may contain toxic heavy metal
compounds. Water from the unit (used mostly to quench the products of combustion )
may contain toxic components that may not be acceptable to LEAD's industrial water
treatment plant. Finally, the fluidizing material ( specified by Procedyne as aluminum
oxide ) will become contaminated with heavy metal compounds. As the fluidizing material
loses its effectiveness it wil have to be discarded. The presence of heavy metals
probably will cause the discarded material to be classified as a hazardous waste. Each
of these effluents will be sampied and tested to determine the extent of the hazard.

A Comparative Economics of Operating the FEPS

An sconomic analysis will be made to determine the cost of operating the FBPS
and the caustic soda paint stripping system (CSPS). For our analysis data on the cycle
times, labor rates, energy costs, raw material costs, and costs of waste disposal or
treatment will be gathered. Treatment times for the FBPS will be obtained from
Procedyne operating manuais and operability tests (see Section ll), while the treatment
times for the CSPS will be obtained from LEAD personnel. Energy, labor rates, and waste
disposal/treatment costs will be obtained from LEAD's engineering and/or accounting
departments. Raw materials costs will be obtained from vendor's or government supply
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contracts.

A detailed comparison of the costs of operating the FBPS system versus the CSPS
system will be made. Variations in the methods of operating these systems will be
considered. These variations may include techniques to optimize the system, methods
to minimize the hazardous waste, and limits on the types of parts to be stripped.
Estimates of operating other paint strippiny systems of interest, such as molten salt baths
or solvent based systems will be obtained from vendors where possible. Captial costs
will not be included in these cost comparisons.

B.  Environmental Impact of Operating the FBPS

The FBPS is equipped with an emissions control system to minimize environmental
emissions. The system has two components, an afterburner to burn hydrocarbons and
the pyrolysis products and a wet quench to reduce stack gas temperatures, which may
reduce the particulate emissions. The afterburner is a propane gas fired combustion
chamber designed to incinerate all combustible materials and convert them to water vapor
and carbon dioxide. If the afterburner efficiency is not adequate, unburned hydrocarbons
may exit the outlet stack.

Because the emission control system can control only a limited amount of the
environmental emissions, it imposes limits on the amount and kind of materials that may
be safely charged into the FBPS. The quench scrubber has limitations on the kind and
quanity of material that it can effectively control. Particulates from the paint stripping may
contain toxic heavy metal compounds because such metals are contained in old military
paints or they may be generated by heat from platings used on parts.

Cadmium and zinc are common plating metals used on parts planned for
processing in the FBPS. At normal bed temperatures, these metals might volatilize
and/or oxidize and leave the bed. In the afterburner any metal vapors might be
converted to oxides and pass to the quench scrubber. The scrubber |s expected to have
a low collection efficiency on the metal oxide particies found in the process. To keep
emissions of these oxides to reasonable levels the amount of the metals charged into the
FBPS must be controlled.

Lead and chromium compounds are aiso used in coatings processed in the FBPS.
The fate of these metals will be determined during the project. It is theorized that most
of these metals will remain with the char on the parts; however, even a minor percentage
of these toxic materials expeiled into the air may be of regulatory concern. Accidental
releases to adjacent areas may be hazardous to workers employed at LEAD.



Some of the toxic metals or organics in the stack afterburner effluent will be
removed from the stack gases by the quench water, These materials will then enter
LEAD's industrial water treatment plant ( IWTP ). The toxic or hazardous solids that
remain in the char will contaminate the fluidizer bed material (FBM ). If the heavy metals
or certain organics are found to be extractable from the FBM by the TCLP test prescribed
by the US Environmental Protection Agency the spent FBM will have to be stored, treated,
and/or disposed of as hazardous waste. The TCLP test is the Toxicity Characteristic
Leaching Procdeure (see Federal Register 55. 11798-11877, March 28, 1990) that
measures the concentration that resuits upon extracting a waste with an acidic aqueous
solution.

To obtain the data for determination of the impact of operating the FBPS on the
environment, paint stripping tests will be made as describd in Section lll. Specially
prepared test paneis will be used to insure that known amounts of toxic materials will be
present in the unit. Larger quantities of lead-containing paint than would represent
normal loading will be usad to ingure that measureable concentrations of toxic materials
w:ll be present. Samples will be taken from the stack gases, from the quench water, and
of the FBM.

The results of the tests will be used to prepare operating instructions. The
operator will be responsible for regulating the quantity of these metals charged into the
bed. Suspect parts will be visually inspected to determine if they do or could have
plating. If the part is suspect it will be treated as if it is plated. The operator will
determine how many of the particular parts can be charged to the FBPS and Iimit the
charge to that amount. The project manager and staff will work with the FBPS operator
to develop specific written instructions for centroliing the amount of cadmium and  zine
charged in the FBPS.
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SECTION Ill. OPERATIONAL TESTS

Operating tests of the FBPS ware made on January 17th and February 14th, 1991,
The project team from ITEP, Mr. Ron Jackson of USATHAMA, and Dennis Reed of LEAD
participated in these tests. The orignal test plan (#0, August 1990) aiong with the
operating manuais provided by the Procedyna Corporation were used as a guide. The
"Operating Instruction" sections of Procedyne's Manuais are attached as Appendix A to
this Test Pian,

Although the operating instructions are in Appendix A, the general steps for
operating the FBPS are outlined below.

< : .

1. Preparation (2-3 hours before stripping)

a With power off, fill (if needed), or add to, the furnace retort and quench bath
enough aluminum oxide fluidizing media (150 mesh) to make the depth of
48 inches.

b. Check the following: 1) that propane supply is adequatse, 2) all gas and
liquid lines are tight, 3) plant air and water are available, 4) that the gas
outiet ducts are not clogged and that the cycliene and fines pot is empty.

c. Turn on the power at the main contrcl board.

d. Close the cabinet doors on the unit and adjust the fluidizing air ( the FBM
should appear to "boil* in a rolling manner).

e. Turn on the furnace power.

Allow the fuildizer bed to reach the prescribed temperature (controlied by
the instrument set-point) - reduce the air flow, incrementally, to prevent
toss-out of the FBM as the temperature increases.

2. After-burner (AB) start-up.

Start-up the after-burner by carefully following Procedyne’'s instructions (see
diagram ). Generally, 1) start the AB before any paint stripping Is done; 2) turn on
the exhaust blower; 3) turn-on and adjust the water to the cooler; 4) turn-on main
gas line, power switch, and start switch; 5) allow temperature to reach 1400 °F;
8) adjust air damper to maintain tempaeratures of 1400-1600 °F,
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Start the exhaust blower and quench water befors igniting the flame.

If the burner is accidentally extingushed (an unlikely ocurrence, usually

caused by no propane fuel)
. » because an over-pressure or explosion may resuit.

Contirue operation of the furnace, fluidizer air, and exhaust blower. ( This

will exhaust smoke and possibly flammable gases up the stack. ) A rapid

restart of the flame may be possible under certain operating conditions

- s8¢ the Procedyne manual for instructions.

The after-burner is designed for continuous operation at 1400-1600 °F. |f
the after-burner temperature approaches 2000 °F, the after-burmer limit
circult will automatically turn the FBPS fluidizing air off. To safely continue
the operation:
RQ NOT SHUT DOWN FLURNACE, DO NOT SHUT DOWN THE OFF-GAS
. The AB
should slowly decrease in temperature, but the syatem will still conduct
smoke from the system and out of the bullding. The fluidizer air may be
safely restarted after the AB temperature is below 1600 °F. (This condition
indicates that too much paint or othar organics, such as rubber coatings,
was charged to the unit. Parts charged must be better controlied in
subssquent batches.)

3. Cleaning cycle

Load painted parts into the fluidizer basket ( see the Procedyne manual for
loading arrangement).

Open the cabinet doors, transfer the basket into the cabinet, close the
doors, and lower the basket into the hot fluidized bed.

Adjust the air supply to the AB as the pyrolysis begins - this adjustment,
usually a reduction, prevents an overpressure in the cabinet. The
overpressure will cause smoke to escape into the building.

When the pyrolysis is complete (tests during start-up of this unit will be
required to determine the prescribed stripping time for the process.) remove
the basket from the retort and lower it into the fluidized quench bed.

When the parts are cooled to 150 °F or lower, remove the basket from the
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quench bed, open the cabinet, blow excess FBM from the parts, and
transfer the basket out of the cabinet,

4. Shotblast cleaning

The basket is transfered into the low energy shot-blast unit. This cleaning
Operation is performed according to Pangborn's operating manual.

Four loads of parts were stripped during these two tests. The paint removal, and rubber
coating removal, appeared to be adequate. We judged that these parts would be ready
for repainting, but some plated parts (probably plated with cadmium or zinc ) showed
melted beads of metal on the surface. We did find that air-flow to the after-burner must
be carefully controlled by adjusting the dampers to prevent smoke release into the
building. Also the outlet system must be checked before operating because the media
Is easlly carried over into the cyclone and fines pot. In the first February test, this system
was full from the earlier operation; the FBM blocked the gas effiuent duct, and large
amounts of smoke were expelled into the building. Before the second run that day the
FBM was removed, and the smoke was exhausted as designed.
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SECTION IV. ENVIRONMENTAL EFFLUENT TESTS.

The environmental effluent tests will be macie by operating the FBPS as described
In the Procedyne manuals with the modifications described above in Section lil. Specially
prepared and painted steel and aluminum test paneis will be used to provide painted
surfaces. Separate cadmium piated and zinc phosphated steel pieces will be included
to provide a source of those metals. Yellow enamei, formerly meeting military
specifications, that contains lead chromate (see Appendix B for composition) will be used
as the paint in these tests. The samples of the gases, water, and FBM will be taken and
analyzed as described in "ATMOSPHERIC EMMISSION SITE TEST PLAN AND QUALITY
ASSURANCE PROJECT PLAN FOR FLUIDIZED-BED PAINT REMOVAL
DEMONSTRATION TESTS, LETTERKENNY ARMY DEPOT, CHAMBERSBURG,
PENNSYLVANIA®, by IT Air Quality Servces, PN 805644 (ITAQS) that is attached to this
Test Plan. The test panel preparation and FBSS operation are described below.

A, Test Panel Preparation

1) Painted panels. The steel and aluminum test panels were prepared under the
direction of Mr. Dennis Reed at LEAD. The panels were cut from metal stock. All
were 4 in, by 8 in. by approximately 0.025 in. thick, and the corners were rounded,
with a radius of 1.25 in. A smail hole was cut near the narrow end of sach panel.
The panels were labelled with a vibratory stylus in groups of 10; that Is, the first ten
were labelled "A", the next ten, 'B*, etc, The batches of panels, along with ten
hooks ( steel paper clips ), were then weighed to a precision of 0.1 gram. On
March 22nd, 1891 the labels were covered with a small piece of masking tape and
a thick coating of paint was applied by an LEAD operater with the use of the Depot
spray booth and spraying equipment. The 220 paneis were partially dried in the
shop drying oven. ITEP personnel and Mr. Jackson from USATHAMA observed
and assisted this operation. After the the paint had dried for three days the
masking tape was removed and sach batch, with hooks, was weighed again (see
Appendix C, for the data). Paint loadings varied from 29 to 65 grams per batch.

2) Plated panels. Steel panels, 4 in. by 8 in., thin guage, squarsd corners, were

plated with cadmium at Red River Army Depot under the direction of Mr. Ed
Hanna. Plating thicknesses were reported to be 0.3 mil to 1.0 mil,

8.  Test Procedure

The sampling and FBSS cycle are described in the ITAQS test plan; the FBSS will
be operated as described in Section Il. The procedures to measure the test
panels are described below.
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The FBPS has not been operated with this quantity of paint in tests to date.
Therefore, we plan to strip painted scrap parts in the FBPS before performing the effluent
testing. For this test, the parts will be stripped in the fluidized bed for approximately 60
minutes at 800 °F. The result of this test will be used to Judge the smoke handiing
capability of the unit. Based on the above preliminary test, we will determine the number
of panels to be charged into the basket for the effiuent tests.

For each of the two or three effluent tests, four to six batches of painted test
panels, several cadmium plated paneis, and several zinc phosphated panels will be hung
on a mesh cage various levels, from bottom to top. The paint will be stripped as
described in Section Il and in the ITAQS Test Plan. After completion of the process, each
batch of panels will be weighed (to 0.1 g.) after they are cooled to room temperature. If
time permits, weights of the batches after the stripping step, but before the sand-blast
cleaning will also be obtained. The appearance of the paneis will be recorded. The loss
of weight will determine the amount of paint and/or metal that is removed in this process.
The results can then be used to calculate the quantities of hazardous materials that enter
the FBSS. The results of chemical analysis on the effluents will then allow us to estimate
the fate of the hazardous components.
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SECTION |. GENERAL

This safety plan is for the Procedyne fluidized bed paint stripping system (FBPS).
It is intended to provide instructions on how to work safely around the equipment for all
persons, including Letterkenny Army Depot (LEAD) employees responsible for operating
and maintaining the system.,

The safety plan supplements rather than replaces other safety requirements for
LEAD, the building, and the bullding area. All other safety requiremerits are included by
general reference. For example, safely operating the FBPS does not require hearing
protection. However, if hearing protection were required in the area, then by reference
employees operating and maintaining the FBPS would also be required to use hearing
protection. Safe operation of the FBPS does involve lifting heavy metal parts. Thus, by
reference employees working on the FBPS would use the established safety procedures
for lifting heavy metal parts.

The safety plan cites and emphasizes some, but not all, operation and
maintenance (O&M) procedures. However, the safety plan includes, by reference all
required O&M procedures. All O&M work shall be done by qualified personnel. The
safety plan is not a substitute for established manuals and procedures. Persons using
this safety plan should refer to the O&M manual for the fluidizing bed and/or the Test
Plan for a description of the FBPS system and the LEAD safety manuals. For these tests
we will be using O&M manuals provided by the Procedyne Corporation and the Pangborn
Company. Separate manuals are available 1) the fluidized bed furnace, 2) the afterburner,
3) the fluidized quench bath, and 4) the low-energy shot blast unit (Pangborn). The
reader should study these manuals and the Test Plan before reading this Safety Plan,
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SECTION ll. POTENTIAL HAZARDS

The hot fluidized bed operates at 800 to 1,000 °F. Metal parts processed in the bed
are heated to bed operating temperature. The afterburner operates between 1,400 to
1,600 °F and may sometimes reach 2,000 °F. There is a potential for burns due to
human contact with the FBPS surfaces and metal processed in the FBPS. The FBPS is
designed with insulation and by configuration, to shield workers from coming in contact
with any surfaces hot anough (over 110 °F) to cause burns.

The organic material in the FBPS is pyrolized in air, but the quantity of air does not
contain sufficient oxygen to convert all of the carbon to carbon dioxide. Theretfore,
carbon monoxide will be present in the gases vscaping from the top of the hot fluidized
bed. The afterburner will normally convert the carbon monoxide to the dioxicde. Since
carbon monoxde is a colorless, odorless highly poisonous gas, all leaks should be
repaired before starting the unit, and the cabinet doors should be closed tightly. Other
poisonous gases, such as nitrogen oxides and formaldehyde. may aiso be formed by the
pyrolysis of certan paints.

The FBPS is designed to safely pyrolize grease, oil, and other organic matter on
part surfaces, and to burn the gaseous pyrolysis products in the afterburner. Overloading
the system with organic matter can produce high temperature excursions that couid
damage the afterburner and could also produce potentially dangerous emissions of
incompletely burned organic matter. To prevent damage to the afterburner the
lnstru::entatlon controlling the unit will shut off the fluidizing air if the chamber reaches
2000 °F.

If the organic matter is especially volatile or reactive (for example, fuel oil, gasoline,
munitions, etc.) instantaneous overloading of the system and explosions are possible.
If the afterburner is accidently extingushed during pyrolysis, an unlikely incident,
flammable, and potentially explosive gases may accumulate in the system.

The hot fluldized bed uses high voltage (480 V) circuits for heating. Therefore,
electrical shock is a potential hazard.

Some parts introduced into the FBPS will be painted with older paints that contain
toxic lead and chromium compounds. Also pieces electroplated with cadmium and zinc,
which are toxic (especially cadmium) may be stripped. The latter metals may be volatile
at FBPS temperature and there is a potential for atmospheric emissions of these metals.
In the afterburner these toxic metals may be converted to their oxides. Particles of the
latter, and the lead and chromium compounds may all form fine particles which may
cause the smoke from the unit to be toxic.
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Some parts are heavy and there is a potential for injuries due to lifting, moving, and
carrying these parts in an unsafe manner. Established Depot safety procedures for lifting
and carrying heavy objects must be followed.
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SECTION lIl. SAFETY EQUIPMENT

The operator of the FBPS is required to use and wear the fellowing safety
equipment at all times while operating the FBPS:

insulated gloves

insulated apron

face shield and safety glasses

long sleeve shirt with the sleeves completely covering the arms
steel-toe safety shoes

All maintenance employees shall wear and use the same safety equipment as the
operations employess, unless the maintenance supervisor verifies and accepts
responsibility that the equipment is being shut down and is at ambient temperature. In
this event, only steel toed safety shoes are required.
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SECTION IV. SAFETY PROCEDURES

The following safety procedures shall be taken by all operations personnel in the
FBPS area: ’

. All required safety equipment will be worn while employees are in the work
area. This equipment shall be in good condition and worn properly. For example, the
face shield must compiletely cover the face and shirt sleeves must completely cover the
arms.

. All surfaces of the FBPS shall be considered hot. All parts removed from the
FBPS shall be handled as if hot.

) in the event that any part of the FBPS Is operating outside design
specifications, the FBPS system shall be shut down using the required emergency shut
down procedures in the O&M manuals. For safe shut-down, proper precautions must be
taken to prevent expulsion of toxic materials into the work area, and to prevent explosions
that may injure personnel. |f smoke leaks from the unit into the work area, doors and
windows should be opened to dilute the gases, and the furnace heat and gas feed should
be reduced. The dampers on the afterburner should be immediately adjusted to
maximize the operation of the exhaust blower to remove the smoke from the unit.
(Adjustments to the operating instructions should be made to prevent reocccurence of
upset conditions that lead to smoke release. The pyrolysis time and temperature may
need readjustment to prevent overicading the afterburner or better control of quantities
or conditions of parts stripped may be required. Too much greass or rubber may
overload the system.)

. Anyone that experiences breathing difficulties or becomes uncomfortable
from exposure to the smoke or other gases leaking from the unit, must immediately be
moved from the work area into fresh air. Medical assistance should be promptly sought
it any breathing problems persist.

o Parts having closed or sealed areas, cavities, and other components shall
not be introduced into the system unless the supervisor responsible for the FBPS has
verified and accepted there is no possibility of damage caused by them. Damage can be
caused by explosives released as a resuft of heating confined water or combustible
materials.

The following safety procedures shall be taken by all maintenance personnel in the
FBPS area:

¢ All required safety equipment will be worn when working on the FBPS unless
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a maintenance supervisor confirms and accepts responsibility that the system is shut
down and is at ambient temperature, and is cleared of pyrolysis gases.

o Required safety equipment will be in good condition and worn properly. For
example, the face shield must completely cover the face, and shirt sleeves must
completely cover the arms.

o All electrical circuits, air supply, and bleed lines must be shut off while
servicing the FBPS. Switches and valves must be padiocked shut and the keys must be
in the possaession of the maintenance employees servicing the FBPS.,

) All air supply and bleed lines, electrical power circuits, gas supply, and bleed
lines that are shut off must have conspicuous, easily read signs giving clear warning that
they are shut off because of maintenance work in progress. These signs will be removed
by maintenance personnel when maintenance work is complete and before starting up
any portion of the FBPS.,
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Test Samples for FBSS

Date Painted: 22 March 1991

Date Stripped: 4 April 1991
Metal: Steel, 10 4 by 8 In. pansls

Sample 1D No. Welghts, grams
Initlal Coated Paint, net Lead, wt.* Chromium, wt.*
A 1437.9 1468.1 30.2 5.8 1.1
8 1417.3 14459 28.6 5.5 1.1
C 1437.3 1472.2 34.9 6.7 1.3
D 1421,5 1480.5 59.0 11.3 2.2
E 1412.4 1477.7 65.3 12.5 2.4
F 1415.9 1474.6 58.7 11.8 2.2
c] 14255 1453.1 27.6 5.3 ' 1.0
H 1430.7 1486.2 56.5 10.7 2.1
| 1430.0 1487.3 57.3 11.0 241
J 1446,9 1500.0 531 10.2 2.0
K 1441.4 1485.8 44.2 8.5 1.6

*Calculated from the analysis of the paint.

'
'
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Data sheet
Test Samples for FBSS

Datg Painted: 22 March 1991

Date Stripped: 4 April 1991
Metal: Alumium, 10 4 by 8 in. panels

Sample D No. Weights, grams
Initial Coated Paint, net Lead, wt.* Chromium, wt.*
L 416.2 450.8 34.6 8.6 1.3
M 417.3 448.9 31.6 6.1 1.2
N 417.7 4481 304 5.8 1.1
o) 416.4 445.3 28,9 5.6 1.1
P 415.8 4454 29.6 5.7 1.1
R 416.9 464.7 47.8 9.2 1.8
S 416.5 468.3 51.8 9.9 1.9
T 416.3 466.6 50.3 9.7 1.9
U 416.7 447.7 31.0 6.0 1.2
v 415.2 467,86 52.4 10.1 2.0
X 4149 461.7 46.8 9.0 1,7

*Calculated from the analysis of the paint.
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Test Samples from the FBSS, Run No, 1

Date Painted: 22 March 1991

Date Stripped: 4 April 1991, 1322 to 1422 hours
10 - 4 by 8 In. metal panels

Sample ID No. Weights, grams

/Metal Paint, net* Initial** from from Qain(+)/Loss(-)
FBSS# Shot-blast

P/AI 29.6 415.8 ND 416.0 +0.2

R/AI 47.8 416.9 ND 416.4 -0.5

V/Al 52.4 415.2 ND 415.0 -0.2

G/steel 27.8 1425.5 ND 1425.5 +0.0

J/steel 53.1 1448.9 ND 1442.9 4.0

K/steel 44,2 1441.4 ND 1440.4 -1.0

Notes:

*Net welght of paint on all 10 panels

** Uncoated weight.
#ND: not determined, weights from the fluidized bed stripping system.



Test Plan LEAD (PN 3769-7)
REVISION No, 2
Section No, D-1
Page 4 of 10
Data sheet
Test Samples from the FBSS, Run No. 2

Date Painted: 22 March 1991

Date Stripped: 4 April 1991, 1508 to 1609 hours
10 - 4 by 8 in, metal panels

Sample ID No. Weights, grams

/Metal Paint, net* Initial** from Tare # Net, from Gain(+)/Loss(-)
FBSS# FBSS##

F/steel 58.7 1415,9 1424.4 5.5 1418.9 +3.0

H/steel 55.5 1430.7 1433.8 10.2 1423.6 7.1

I/steel 57.3 1430.0 1436.1 5.1 1431.0 +1.0

L/Al 34.6 416.2 424.9 8.8 416.1 -0

N/Al 30.4 417.7 4281 9.9 418.2 +0.5

X/Al 46.8 414.9 421.7 6.2 415.5 +0.6

Notes:

*Net welght of paint on all 10 panels

** Uncoated weight.
#These panels were wrapped in PE sheet before welighing,
the tare is the welght of the plastic.
##Net weight, all 10 panels, from FBSS, panels were not treated
in the shot-blast unit,
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Data Sheet
Cadmium Plated Test Samples, runs No, 2 and 3

Unpainted samples

Date Stripped: 4 April 1991, 1508 to 1609 (#2) and 1635 to 1735 (#3) hours
4 by B8 In. stasel pansls, cadmium plated

Waeight grams

Run No. Sample Cd thickness Initial Final Gain(+)/Loss(-)

No. mils weight weight

2 1 1.00 367.68 367.28 -0.40

2 2 0.50 359.74 359.72 -0.02

2 5 0.50 363.66 363.46 -0.20

2 6 0.25 362.36 362.25 -0.11

2 7 0.50 357.38 357.32 -0.08

2 10 0.50 C35.68 365.41 -0.27

Total loss of cadmium (ignores gains) -1.06

0.50 360.04 360.05 +0.01

1,00 358.21 357.90 -0.31

1.00 349.30 349,25 -0.05

0.25 362.87 362.89 +0.02

11 1.00 364.33 363.75 -0.58

12 0.25 351.29 351.59 +0.30

Total loss of cadmium (ignores gains) -0.94

Note:

The plated panels ware a golden bronze before pyrolysis, and they turned brown upen
pryolysis. Based on the guage of the plating, a 1.0 mil coating should contain 9.0 grams
ol cadmium,
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INTRODUCTION

On April 4, 1991, personnsl from IT Air Quality Services conducted a series of
atmospheric emission tests on a pilot fluidized-bed paint stripper (FBPS) located at the
Letterkenny Army Depot near Chambersburg, Pennsylvania. Triplicate tests were con-
ducted downstream of a gas-fired afterburner to determine the concentration and
mass emission rate of particulate matter and select trace metals (cadmium, total ¢hro-
mium, lead, and zinc)., Tests were also conducted to measure total hydrocarbon
(THC) emissions. Volumetric gas flow rates, temperature, moisture content, and com-
position (oxygen and carbon dioxide) were also measured In conjunction with the
particulate tests. In addition, select types of process samples (virgin bed material,
process bed material, ash, and quench water) were collected during each test and
subjected to metals analyses for materlal balance purposes. Attached Appendices A
through E contain all calculations, field data sheets, laboratory data, methods proce-
dures, and calibration data.

Tables 1 through 3 summarize the emission test results. Table 1 presents the
measured flue gas conditions, Table 2 presents the particulate and metals emission
results, and Table 3 summarizes the THC test results. Process sample analytical re-
sults are contained in Appendix C.

TABLE 1. SUMMARY OF FLUE GAS CONDITIONS AT THE AFTERBURNER OUTLET
(April 4, 1991)

Volumetric Composi-
flow rate tion, %

P | b Tempera- Moisture,
Run No.  Time (24-h) acfm™ dscfm”  ¢ype o % 0, €0,

AOPM-1 1324-1424 460 271 270 19.1 19.0 1.0
AOPM-2 1509-1609 425 253 261 19.3 19.0 1.0
AQPM-3 1635-1735 426 250 271 19.4 19.0 1.0
3 acfm = Actual cubic feet per minute.

b dscfm = Dry standard cubic feet per minute. Standard conditions are 68°F,
29.92 in.Hg, and zero percent moisture.
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TABLE 3. SUMMARY OF TOTAL HYDROCARBON EMISSION DATA
(April 4, 1991)

THC concen-
tration.a Average volumetric b THC mass emis-
Run No. Time (24-h) ppm (dry) gas flow rate, dscfm- sion rate, 1b/h
AOPM-1 1324-1424 <13.8 258 <0.009
AOPM-2 1509-1609 <13.8 258 <0.009
AOPM-3 1635-1735 <13.8 258 <0.009

3 parts per million by volume (dry basis) as methane. Less than (<) denotes
less than instrument detection limit for 0- to 500-ppm range (13.8 ppm).

b dscfm = Dry standard cubic feet per minute.

The multimetals/particulate procedures followed those In the U.S. Environmental
Protection Agency's (EPA's) "Methodology for the Determination of Trace Metal Emis-
slons From Stationary Source Combustion Processes."* The sampling train was a
Method 5 train with two Impingers containing a 5 percent nitric acid (HNO,)/10 per-
cent hydrogen peroxide (H,0,) solution. The train uses a quartz fiber fiter and a bo-
rosilicate glass sampling nozzle to minimize potential blank contamination. Samples
were analyzed first for filterable particulate by U.S. EPA Method §** procedures and
then for the specified metals (chromium, cadmium, lead, and zinc) by using both
atomic absorption (AA) and inductively coupled argon spectroscopy (ICAS) analysis
techniques. Flue gas data were measured concurrently with the particulate/metals
measurements.

A Beckman Model 402 continuous-flame ionization analyzer was used to mea-
sure THC concentration per Method 25A.** The analyzer pump, particulate filter, and
detector are housed in a temperature-controlled oven, which is maintained at 300°*F
for this test.

The monitor was assembled and calibrated with methane per method specifica-
tions. The system sampling probe was losated at the centroid of the sampling duct.

* Methodology for Determination of Trace Metal Emissions From Stationary Source
Combustion Processes, September 1989.

** 40 CFR 60, Appendix A, July 1990.




Sample data were recorded continuously for each test using a st.ip-chart recorder. As
noted in Table 3, hydrocarbon emissions were less than 13.8 ppm, which represents
the detection limit for the instrument on a 0- to 500-ppm range.

No major problems were encountered during the test program, and results are
considered representative of emissions at the time of testing. It should be noted that
because of a lack of adequate scaffolding to access both ports, particulate measure-
ments were made using only one of two available sampling ports. A total of four sam-
pling points were used to traverse the cross-sectional area of the 5.75-in.-inside-
diameter (I.d.) round duct. Each point was sampled twice over a 60-minute sampling
period.

Data Quality Assurance

The procedures described in the Quality Assurance Project Plan were followed
in all field sampling analyses.
Routine Reference Method quality control (QC) procedures were followed
throughout the test program. These included, but were not limited to, the following:
° Calibration of field sampling equipment. Sampling equipment was cali-
brated according to the procedures of the "Quality Assurance Handbook
for Air Poliution Measurement Systerns, Volume Ill," EPA 600/4-72-0278B,

August 1977. Calibration guidelines and results are described in more
detail in Appendix E.

° Onsite audits of dry gas meters, thermocouples, and digital indicators
(see Appendix B).

° Train configuration and calculation checks.

° Onsite QC checks of the sampling train and leak checks of the pitot tube
and Orsat line.

° Use of designated equipment and reagents.

The sampling equipment and procedures met all the guidelines established in
the reference methods.



The laboratory quality assurance (QA) procedures outlined in the Quality Assur-
ancu Project Plan were followed for each type of analysis.

The QC procedures used in the sample analysis in this test program included,
but were not limited to, the following:

° Use of designated analytical equipment and experienced laboratory per-
sonnel,

0 Internal and external audits to ensure accuracy in sampling and analysis.
° Reagent, filter, and field blanks to determine blank levels.

° Spiked samples to determine the effect of sample handling and the ma-
trix effect.

° Duplicate analysis of selected samples.

QA/QC data are presented in Appendix C.




COMPUTER PRINTOUTS AND EXAMPLE CALCULATIONS
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%H =
AH =

HHV =

%ISO =

Cross-sectional area of nozzle, fi2

Cross-sectional area of stack, ft2
Proportion by volume of water vapor in the gas stream, dimensionless
Pitot tube coefficient, dimensionless

Concentration of pollutant in stack gas - grains per dry standard cubic foot,
gr/dsef

Percent of carbon by weight, dry basis

Percent of carbon monoxide by volume, dry basis
Percent of carbon dioxide by volume, dry basis
Sampling nozzle diameter, inches

Stack diameter, inches

Factor representing a ratio of the volume of dry flue gases generated to the
calorific value of the fuel combusted, expressed as dry standard cubic feet per

million Btu of heat input, dscf/106 Btu
Gross calorific value of the fuel combusted on a dry basis, Btwlb
Percent of hydrogen by weight, dry basis

Average pressure drop across the sampling meter flow orifice - inches of water,
in. HoO

Higher heating value on an as-received basis, Btu/lb

Percent of isokinetic sampling

Maximum acceptable leakage rate for either a pretest leak check of for a leak
check following a component change; equal to 0.020 cubic foot per minute of 4%
of the average sampling rate, whichever is less

Dry molecular weight, 1b/lb-mole

fuel firing rate (measured coal to boiler), Ib of coal per hour

Total amount of pollutant matter collected - milligrams, mg

Molecular weight of stack gas (wet busis), 1b/Ib-mole

Percent of nitrogen by weight, dry basis (continued)
A-2




Nomenclature and Dimensions

Percent of nitrogen by volume, dry basis

Percent of oxygen by weight, dry basis

Percent of oxygen by volumas, dry basis

Velocity head of stack gas - inches of water, in.HgO

Barometric pressure - inches of mercury, in.Hg

(also Pgj) Static stack gas pressure - inches of water, in.HoO
Absolute stack gas pressure - inches of mercury, in. Hg

Gas pressure at standard conditions - 29.92 inches of mercury, in.Hg
Pollutant matter emission rate - pounds per hour, Ib/h

Total heat input - million Btu per hour, 106 Btwh

Volumetri¢ flow rate - wet basis at stack conditions - actual cubic feet per
minute, acfm

Volumetric flow rate - dry basis at standard conditions - dry standard cubic fect
per minute, dscfm

degrees Rankine = degrees Fahrenheit + 460, °F + 460
Percent of sulfur by weight, dry basis

Average temperature of dry gas meter, °R
Average temperature of stack gas, °R
Temperature at standard conditions, 528 °R

Total volume of liquid collected in impingers and silica gel, ml
Volume of dry gas sampled at meter conditions - cubic feet, f3
Volume of dry gas sampled at standard conditions - cubic feet, 3
Average stack gas velocity at stack conditions - feet per second, fUs
Volume of water vapor at standard conditions - cubic feet, ft3

Dry gas meter calibration correction factor

Total sampling time, minutes
A-3




1. Volume of dry gas samples corrected to standard conditions, Note: Vm must be
corrected for leakage if any leakage rates exceed La.

Poar + ﬁ‘l{g
Vmstd= 17.647 x Vmx ——-—-—'f-—-'—'
m

2, Volume of water vapor at standard conditions, ft3,

Vwstd =0.04707 x Ve

3. Moisture content in stack gas.

- Vwstd
Bws = Vwstd + Vmstd

4, Dry molecular weight of stack gas,
Md = 0.44(%00 2) + 0. 32(%0 ,) + 0. 28(%N2 +%CO)

5 Molecular weight of stack gas.

Ms = Md(1 - Bws) + 18Bws

6. Stack velocity at stack conditions, f/s,

V= (85.49)(Cp)(avgV/AP) [-=—ii—

(Ps)(Ms)
7. Stack gas volumetric flow rate at stack conditions, cfm. Note: As = square feet.
Qs=60x Vsx As
8. Dry stack gas volumetric flow rate at standard conditions, cfm.

Qstd = (l7.647)(Qs)(-,II:—:)(1 ~ Bws)
9. Concentration in micrograms per cubic meter, pug/m3

Cs= (35-315)(711:%?5)

(continued)




l Example Calculations for Pollutant Emissions
i
l 10.  Pollutant mass emission rate, Ib/h,
j par=Csx (6243 x 1071) x Qstd x 60
11 Isokinetic variation, %
Vm AH
D e e )
I
|
i
L
i
I
1
1
i
1
i a5
|




CORRECTION FACTORS

17,647 =(-'1£-§Pt%)

0.04707 = (-%31-)

0.44 = molecular weight of CO2/100
0.32 = molecular weight of 02/100
0.28 = molecular weight of N9/100

18 = molecular weight of water {'120)
L
(1b/1b - mole)(in.Hg) 2
(° R)(in.H,0)

8§5.49 =[

0.01543 = grains per milligram (gr/mg)

(in.Hg)(f*)
(mD(°R)

0.002669 =




l Page 1
IT AIR QUALITY SERVICES validated YB91
EMISSION TEST REPORT
FIELD DATA
' Plant: Lettarkenny, AD Dato: ¢/4/91
Sampling location: Afterburner Outlet Run number: AOPM-1
Test time (start-stop): 1324-1434
l Sample type: Part/Metals Volume correction (cu. ft.): 0,000
Bar, press, {in, Hg): 30.08 Metar calibration factor: 0.984
Static press. (in. H20): 0.890 Data intorval (min.); 1.8
Filter number(s): 170001 Nozzle dia. (in.): 0358
Stack inside dia, (in.): 8,78 Moter box number: FT-8
Pitot tube coefl.: 0.99 Number of traverse points: §
Total H20 collected (ml): 163.7 % CO2 by volume (dry): 1.0
' % 02 by volume (dry): 19.0 % CO by volume (dry): 0,0
Sample Gas meter  Velocity Orifice drop
' time reading head actual Stack Dry gas meter
{min) ou, ft. AP AH Temp, temp. (°F)
0.0 594,366 in, H20) (in, H20) (‘F) inlet outlet
1.8 587.110 0,100 031 269 kij 78
18,0 601,740 0.380 1.08 266 ” m
2.5 608.800 0.360 112 287 i (i)
80.0 810.370 0,250 077 279 81 78
7.5 614,350 0.280 0.78 270 88 9
45.0 619.500 0.400 1.20 m 87 80
52,5 824,640 0410 1.28 271 88 81
60.0 628,189 0.200 0.63 __268 89 83
' 80.0 33.823 0200 080 270 a3 %
l A-7




Page 2
I'T AIR QUALITY SERVICES validated ¥8/91
EMISSION TEST REPORT
FIELD DATA
Plant: Letterkenny, AD Dato: 4/4/91
Sampling location: Afterburner Outlet Run number: AOPM.2
Test time (start-stop): 1808-1809
Sample type: Part/Metals Volu:ne corraction (cu. ft.): 0.000
Bar. press. (in, Hg): 30.08 Meter calibration factor: 0.984
Static preas. (in, H20): 0.6980 Data interval (min.): 78
Filtor number(s): 9170003 Nozzle dia. {in.): 0268
Stack inside dia. (in.): 878 Motor box number: FT.8
Pitot tube cvefl.: 0.84 Number of traverse points: 8
Tetal H20 collocted (ml): 176.0 % CO2 by volume (dry): 1.0
% O2 by volume (dry): 19,0 % CO by volume (dry): 0.0
‘Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter
(min) S{ou. ft.) AP AH Temp. temp. (°F)
0.0 631,447 | (in, H20) (in, H20) (°F) ot outlet
7.8 635,230 0.380 1.21 288 84 ).
18.0 641,180 0.350 111 262 88 88
22.8 645,750 0.370 1.17 262 88 83
80.0 650,550 0.300 0.85 263 90 B4
31.5 654,720 0.300 0.88 262 81 88
48.0 859,560 0.400 1.4 261 92 88
52.8 664,260 0.410 1.17 264 92 87
60.0 667.660 0,200 0.87 __260 93 88
60.0 86213 0.339 1.02 261 90 [T}
»
A-8




Page 3

IT AIR QUALITY SERVICES

validated Ja/91
EMISSION TEST REPORT
FIELD DATA
Plant: Letterkenny, AD Date: 4/4/91
Sampling location: Afterburner Outlet Run number: AOPM.8
Test time (start-stop): 1638-1738
Sample type: Part/Metals Volume correction (cu. ft.): 0,000
Bar. press, (In, Hg): 80.08 Metor calibration factor: 0.984
Static press. (in. H20): 0.690 Data interval (min.): 7.8
Filte: numben(s): 9170002 Nozzle dia. (in.); 0.368
Stack inside dia, (in.): 8,78 Metor box number; FT-3
Pitot tube coefl.: 0.84 Numbor of traverse points: 8
Total H20 collected (ml): 189.4 % CO2 by volume (dry): 1.0
% 02 by volume (dry): 19.0 % CO by volume (dry): 0,0
Sample “Gas meter _ Vaeloolty Orifice drop
time reading head actual Stack Dry gas mater
(min) M AH Temp, temp. (‘F)
0.0 687.812 in, H20) (in, H20) (°F) inlet _outlet
7.8 871,400 0.230 0.68 204 90 90
18.0 676.100 0.360 1.02 270 89 88
22,5 681,000 0.390 1.10 270 ] 88
80.0 688,220 0.320 0.80 278 p1 87
378 689,380 0.320 0.80 276 Pl 88
45,0 693,040 0.400 1,18 273 'k ] 88
528 698,000 0,420 1.18 272 83 88
€0.0 702.680 0.240 0.68 _268 92 89
60.0 34,838 0.338 0.88 271 [ ]} 88

A9




I Page 4
' IT AIR QUALITY SERVICES validuted 3891
EMISSION TEST REPORT
l TEST RESULTS
Plant: Letterkenny, AD Tost dato(s): 4491 EVZV ) 44/91
Sampling location: Afterburner Outlet
l Run Numbaers
AOPM:1 AOPM:2  AOPM:3__AVERAGE
' o Net time oftest min) e 60.0 60.0 8.0
NP Net sampling pointe 8 8 8
l Y Moter calibration factor wesess 0.984 0.984 0.984
Dn Sampling nozzle dlameter(in)  weeeene 0,255 0.268 0.265
' Cp Pitot tube coefMciont e 0.99 0.84 0.84
AH Average orifice pressure drop (In, H20)  eeneees 0.80 1.02 0.98 0.96
Ym Volume of dry gassampled  seeees 33.823 86.213 34,808 84.958
' at meter conditions (cu, f.)
Tm Average gas motor temperature (°F) 80.9 8738 89.7 88.0
l Vmetd  Volumn of dry gus sampled 32,731 34 .646 93,181 33819
at standard conditions ()
Yle Total H20 collected in impingors 163.7 176.0 1694 169.7
l and silica gel (ml)
Vwstd  Volume of watervaporat e 7.708 8.284 7.974 7.988
standard conditiona (scl)
l Bws Percent moisture by volume, an moeasured ~ ceeee 19,08 19,30 19.38 1984
Percent moisturce by volume, at saturation e« . 100,00 100.00 100.00 100,00
Percent molsture by volume, used in calculations 19.08 19.30 19.38 1934
I Fmd Mole fractionofdrygas seeeeen 0.809 0.807 0.808 0.808
%CO03  Percent CO2by volume(dry) = v 1.0 1.0 1.0 1.0
l %03 Percent O2by volume(dry)  eeeee 18.0 19.0 18.0 190
%CO Perceat COby volume(dry) = seeeews 0.0 0.0 0.0 0.0
l %N3 Percent N2by volume(dry) e - 80.0 80.0 80.0 80.0
Md Molecular weight - dry stack gas~ eeeeeee 28.92 28.92 2892 28.02
l Ms Molecular weight - stack gas 26.84 26.81 26.80 2883
Pbar Barometricpremsure(in. Hg) = e 30.08 80.08 80.08 80.08
l Pel Static pressure of stack gas(in. H20)  -weeee 0.690 0.690 0.680 0.690
Ps Stack pressure - sbsolute (in.Hg)  wveeeer 80.13 30.13 30.18 30.13 i
l Ts Average stack gas temperature (°F) e . 269.9 281.4 2711.0 2874
l A-10
I




l Page &
l IT AIR QUALITY SERVICES validuted V891
EMISSION TEST REPORT
l TEST RESULTS
Plant: Letterkenny, AD Test date(s): 4/4/01 4/4/01 Y4/01
Sampling location: Afterburner Outlet
l Run Numbers
AOPM-1 AOPM.:2 AOPM.3 AVERAGE
' Vh Average square root of velocity head (in. H20) 0.5285 0.5780 0.8757 0.8611
Vs Averago stack gas velocity (feot/sec) 000 eeeeens 42,49 19.29 39.33 40.37
l As Stack area (1g. in.) 26.0 26.0 28,0 26.0
Qe Actual stack flow rate (acfm) 460 428 426 437
l Qustd Stack flow rate - dry (scfm) 271 253 250 288
180 Percent {sokinetic  ceeeens 102.8 107.8 104.3 104.7
Massof pollutant = 82.1 10.8 10.2
If below detecetion limits, replace 0 with 1, 0 0 0
l Mn Particulate mass mg 2.1 109 102
Cs Particulate concentration gridecef 1.813E.02 4.834E-03 4.743E.03 8243E.03
' ' Pmr Particulate amission rate Ib/h  3.516E-03 1.082E.03 1,013E.03 1.861E-02
' Mass of pollutant = 10.0 4.8 8.6
If below detection limits, replace 0 with 1, 0 0 0
Mn Cadmium mass ME 10,0 45 8.8
' Ca Cadmium concentration Hg/m3 10.789 4.587 8.183 8.176
' Pmr Cadmium emission rate 1b/h 1.098E-08 4.344E-06 8.08B88E.08 7.951E.08
Massof pollutant = 18.0 20.0 24.0
If below dotection limits, replace 0 with 1. 0 0 0
Mn Chromium mass WE 18.0 200 24.0
' Cs Chromium concentration pg/m3  20.300 20.386 25.844 22.143
Pmr Chromium emlssion rate Ivh  2.081E-08 1.931E-08 3.388E.08 2.133E-08
1 At o
. -4\




' Page 6
l IT AIR QUALITY SERVICES validated B/
EMISSION TEST REPORT
l TEST RESULTS
Plant; Letterkenny, AD Test date(s): 44/01 4/4/81 4/4/91
Sampling location: Afterburnar Outlet
' Run Numbers
AOPM:1 AOPﬁ-g AOPM.3 AVERAGE
Mass of pollutant = 45.0 50.0 102.0
IMbelow detection limits, replace 0 with 1, 0 0 0
Mn Lead mass Heg 45.0 80.0 1020
' Cs Lead concentration pg/m3 48,852 50,968 108,380 69.389
Pmr Lead emission rate Ib/h  4.930E.08 4.826E-08 1.018E.04 8.634E.08
Massof pollutant = 84.0 120.0 100.0
If bolow detoetion limits, replace O with 1, 0 0 0
' Mn Zino mass Kg 84.0 120.0 1000
Cs Zino concentration Hg/m3 90,630 123,318 108,432 106.459
l Pmr Zine emission rate Ib/h 9303E.08 1,188E-04 9.948E.08 1,024E-04
I Mass of poilutant = 0.0 0.0 0.0
If below daotection limits, replace 0 with 1, 0 0 0
Mn <pollutant> mass mg 0.0 0.0 0.0
l Cs <pollutant> concentration gr/dsof 0.000E+00 0.000E+00 0.000E+00 0.000E+00
l Pmr <pollutant> emission rate Ib/h  0.000E+00 0.000E+00 0.000E+00 0.000E+00
Mans of pollutant = 0.0 0.0 0.0
If below detection limits, replace 0 with 1, 0 0 0
Mn <pollutant> mase mg 0.0 0.0 0.0
' Cs <pollutant> concentration gr/dscf 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Pmr <pollutant> emission rate Ibh  0.000E+00 0.000E+00 0.000E+00 0,000E+00
Mass of pollutant = 0.0 0.0 0.0
If below detection limite, replace 0 with 1, 0 0 0
l Mn <pollutant> mass mg 0.0 0.0 0.0
Cs <pollutant> eoncentration gr/dscf O0.000E+00 0.000E+00 0.000E+00 0.000E+00
l Pmr <pollutant> emission rate lbh  0.000E+00 0.000E+00 0.000E+00 0.000E+00
l A2 Br A
sp-al




FIELD DATA SHEETS
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

ant__Ae gealleyny o ny ;De'/or - xﬂ/

Date 4/ 3/?/ ! ol
Sampling location ’ A frenbunsien Curier 4
Inside of far wall to outside of nipple __ & ¥ " ]:
Inside of near wall to outside of nipple (nipple length): 77

- N4~ L_
Stack inside diameter, inches s " #‘
Distance downstream from flow disturbance (Dis{ance 8):

25" inches / diameter= _______ dd 75VI TP("’)
Distance upstream from flow disturbance (Distance A): - Y
_72 fjr: inches / diameter = dd suoek

Calculated by @ o X "f 2 FlozA.

ISTUMANCT SCHEMATIC OF SAMPLING LOCATION

TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2 AND 3 NIPPLE F ROV OUTSIOE OF NIPPLE
NURBER OFSTACKID. | STACKWO. | (omeanesTimncw | LENGTH (8L OF COLUMNS 4 L §)
(| oe7 | S| p3C | pe 2.7
2 , 2% y 1— 4 Va4
¥ 29 .3 Al
B-2
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FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

DATE: #/3/9/ CLIENT: KsATHpo A (Ko Tou Keny )
BARGNETRIC PRESSURE (P, ):J0.l/ 1in.Hg METER BOX NO. F7-3
ORIFICE NO. / PRETEST V: LH@ /.74 in.H,0
ORIFICE K FACTOR: _ 4 7238%x /0-¢ AUDITOR: %Sf
m———————————————-——-————-——————
Orifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
reading | reading 'T:]/Taf. Average [ Inlet OutTet | Average run
A, VilVgs Tar Ti/Tier | Tot/Tofs Tne m?n
in.H,0 ft? °f °F °f oF of
, $7¢ s | 40 7836 ¢
/6"{@, 035 59 e 59,28 Fent
22 $e8.00 | ¢ ¢ ¥ 59
Dry gas vm Vm Y Audit
meter std’ act? Audit, devia- AHO, AH@ Devia-
Vm. ft3 ftd ft3 Y tion, % in.H,0 tion, in.H,0
//'6 //.?/g //0703 @ 77/ a'3 / /.6? "0~07 /

'
M
—————

0 b .6
17.647(V ) (P . + AH/13,6
) m’ Asar -
Mstd T+ 460) "nAUE g

1203( 2 )( K )(Py, )
Vmact = Wzbar " //070&ft3

(T, + 460)
v Pre M
- Mact - Audtt Y - Reet®St Y

Audit Y = —p—== Y deviation = Bratast | 100 =

Mstd

2
Audit LHE = (0.0317)(8H)(P,, ) (T + 460) [T.(.v_m_b_ﬂﬂmil A GRLNY
m"*" bar '

Audit Y must be 1n the range, pretest Y :0.05 Y,
Audit AH@ must be in the range pretest AH® $0.15 inches HZO'

B-3
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THERMOCOUPLE DIGITAL INDICATOR
AUDIT DATA SHEET

Date f/ﬁ/?/ Indicator No. Ff-j Operator @
/
ALK ; Equivalent | Digital indicator
Bdint

Tesf Millivolt tempsrature. temperatg;e reading, Diff:rence.

No. signalv Fw
1 0 ""7‘ ——
. 3@0 _*7!9 o3
fa /; ’o'.zgj
3 #m 397 0,35
3'0 ﬂ ‘9‘/0
4 6 0 599 209

We/5, .
Percent difference must be less than or equal to 0.5%.

Percent difference:

(Equivaient temperature °R - Digital indicator temperature reading °R)(100%)
- (Equivalent temperature

Where °R = °F + 460°F

* -
These values are to be obtained from the calibration data sheet for the
calibration device.

i
1
i
|
i
i
i
i
i
i K ot heskid (Rltle, Ficke, o) D oK g
i
I
)
i
i
i
i
1
!
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| X[-04%-060
. l SAMPLE RECOVERY AND INTEGRITY SHEET
ary/Merals

Plant Xemzzlemy ﬂ;t/m;,/&&/.r Sample date Vaandd
l Sample location Afreabunper ow7/es  Recovery date _ &/-v- 57/

Run number A’& Fm-) Recovered by Aﬂ/@s”
l Filter number(s) 4/7000]

MOISTURE

' wi'rk cop,

Impingers Silica gel o® 1l

Final volume (wt),ﬁg’g&z({ zé.z m! (g) Final wt 2/7/ g
l Initial volume (wt)g(bff8s] 497.¢ ml (g)  Initial wt VX g

Net volume (wt) /33.)-1_}9.#1 2.4 ml (g) Net wt .2 g
' Description of impinger water &AL & % spent
l Total moisture /43,7 g

RECOVERED SAMPLE

l Filter container number(s) _/S34/ & Sealed ~

Description of particulate on filter 1yh T tleai dh e m ¢
I SuAd /A' Y 370(,1/17'11/65 . —

Acetone probe ' Liquid level —
' rinse container no. _ /53¢l A marked !

Acetone blank Liquid Tevel //

container no. /S3A(1 A marked . '
' 0.1 N HNO3 probe Liquid level

rinse container no. /\Jﬁ marked \

Impinger contents Liquid level /
l con%}or]er no. /S362 A marked .

0.1 Blank Liquid Tevel
. container no, /$357 A marked //

Samples stored and locked
l Remarks _£7¢7e:@ G coniuun a2 /Sas? 4
l LABORATORY CUSTODY

Received b M) vate _4/9/9) (¥ 3,

) [
l Remarks _iMuwil' i 1 A "5; /./.\u e ‘
Ok Gdagnd  Aanjhe o A»’\wm g« NW ' '
y T

i a5
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X - 04~ 060

~AEAD—SAMPLE RECOVERY AND INTEGRITY SHEET

ST s
Plant feféo & 22y /i«;-u% //.;,;-/ Sample date - ¥
Sample location gz i, ovner grree I Recovery date __«- - ¥/
Kun number g - 2 Recovered by jﬁ/ﬂg
Filter number(s) 9/ xrao.3
MOISTURE
Impingers ¢ 2 37 Silica gel 4
Final volume (wt) 242&l4f) [#7 m (g)  Final wt 220/ g
Initial volume (wt){aéf" $93./ | 7m (g)  Initial wt 27 g
Net volume (wt) /24 jPG 4 | 3.2 M (9) Net wt e 2/ g
Description of impinger water </ Jo % spent
Total moisture /@O g

RECOVERED SAMPLE
Filter container number(s) /5363 4 Sealed 1/

Description of particulate on filter _ .rgu7 wewtgn.o# gong <G%c snoi

Acetone probe Liquid level

rinse container no. _ /543 A marked “
Acetone blank o Liquid Tevel

container no. /58«0 A~ marked e
0.1 N HNO3 probe Liquid Tevel

rinse container no. W;’ marked

Impinger contents _ Liquid level

containms,r Q.od /STy rt marked e
0.1 N M bfank Liquid level o
container no. 'S 359+ marked

Samples stored and locked

Remarks

LABORATORY CUSTODY
/B R A
Received by f{’uﬁ.&. W, 'f/ ﬁmmn i Date

Remarks /

!

YL 30

) Lty in
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X\~ U1~ 060

SAMPLE RECOVERY AND INTEGRITY SHEET

ATAETALS
Plant fettrkewiy (omy deior Sample date S A

Sample location Aarpphectv® suTocT Recovery date -5

Run number __,dode. 3 Recovered by ,ﬂf/ /4

Filter number(s) </cawl

MOISTURE

Impingers Silica gel

Final volume (wt) 234 7/ Final wt 7)?/%‘ g
Initial volume (wtlpgig /S Initial wt /4.2 9
Net volume (wt) /87.7 209 [/, 7 m (9)  Net wt 7.9 g
Description of impinger water thacr 20 % spent

Total moisture 7384 g
RECOVERED SAMPLE
Filter container number(s) /S 365 & Sealed v

Description of particulate on filter __ Luwr Wimwap z/n?  Sone smd

Acetone probe ' Liquid level

rinse container no. _/S34¢ 4 marked ~
Acetone blank Liquid level

container no. ¢S 360 R marked /

0.1 N HNO3 probe Liquid level

rinse container no. /(%!- marked

Impinger contents Liquid level /

container no. L5364 n marked

0.1 N HNOy/HTaRk Liquid Tevel -
container no. LEISTR marked/‘

Samptes stored and locked

Remarks

LABORATORY CUSTODY

Received by '//g( // ‘ 1TRS — Date ﬂ?/ M?D
)/u T - e i ’ .
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INITTAL CEM CALIBRATION AND PERFORMANCE EVALUATION

Plant LETTEP tanay oy A  Parameter s0.,, C0,, O,, NO*,_@
Location L oaramsiian, /29 Monitor _&M_g L
Date o o Span value cg%or 7R
Operator _ 4 o sanid Chart scale 0
PN B3 S7 /) Pbar, inHg __3C ¥
Chart divisions Concentra-
" tion pre- Cali- Sampling
Cal. gas Direct Injection dicted by bration system
Cylinder conc., 1injection through equation,* error,** hias,%*
No. ppm or £ to monitor system Direct System % of span % of span
Ameavsss  <of §¥.0 508 59.1-01 sS4 - | 19
Aomoosns WO .50 &5 IRL|2A .2 -7
y ' B P |
------------- C 2------{‘.0-.-----..-a:--.-.---..-‘-%.Ljéi----T-'----------.-:éj---.

* Perform linear regression of pretest cal. gas concentration vs. chart
divisions to determine f911nw1ng equation:

yemx +b X = ppm y = chart division vy e S6T 8
s .v'/?n

For data reduction:

(Chart division - b) _ (cb 4/(f% )
m U2 )

Correlation coef, = \?%’ﬁ

Calculation concentration ﬁredicted by equation using actual chart
response obtained from each calibration gas response.

Pollutant ppm/% =

(Concentration of cal. gas
ppm - predicted conc., ppmj x 100
Span, ppm

Acceptable 1imit = 2% each gas (THC 1imit is 5%).

** Calibration error, % span =

*** Sampling system bias =

(Direct injection gas conc. - system injection gas conc.) x 100
pan value

Acceptable 1imit <5% of span

Min;mum detectable 1imit = 2 percent of span or [1-3 <Pp» or % (circle
one

Rise time to 95% of response for high cal. gas injected through system
(return to zero after each injection):

28 s, 85 s, 5 s Mg 6 s

Precision, % scale = difference in chart division response for two repeated
injections of the same gas concentration = V& - 925 « . 3 %

(clock time = __ &2/ )
COMMENTS:
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Plant 427721<%7t4¢/ /a?“?' 44}ga{ Parameter  S0,, C0,, 0,, N0x5:ZEE

Location 22 grmRimwuwr ureeT Monitor W vz R 2
Date -5/ Span value _ppiror % §§§-4
Operator _ & 7 ’gumody Chart scale 100 &%8°9
PN Rrakv A4 Pbar, in.Hg _ 3509
Time, Pretest@Gy/  Post-test Za/ Tamb, °F 20°
Run No.  gopm -2 dopy -2, Asin-3
Concentration Analyzer
predicted by cali-
Cal. gas Chart divisions equation* bration
Cylinder conc., error,**  Drift, e
No., ppm or ¥ Pretest Posttest Pretest Posttest % of span % of span
AM oSS Y @G s sod 97 -0 5.5
aamenEs 5. S5 pal e o4 1Y
”‘ﬂ‘(a'cvf ?) 73 :23 0 ’,‘?Ig qq. g 97'3 08 .2 2
- --n--?-/- ------ ﬁ 1----&;--3 ----- l.-glnnd.--..5--.‘I--DIUIBQ-----“.--.C’-.---

* Perform linear regression of pretest cal., gas concentration vs. chart
divisions to determine following equation:

y=mx+b X = ppm y = chart division

For data reduction:

. {Chart division = b) , (CD -(-2Z
Pollutant ppm/% - ORYIVE]

P

Correlation coef, = ‘f‘?%‘l

(Cal. gas conc. = conc. predicted) x 100
Span value

** Analyzer cal. error, % span =

Acceptable 1imit = <2% of span (5% for THC).

(Posttest cal, response - initial cal. response) x 100
Span value

*** Drift % span =

Acceptable 1imit <3% of span
Minimum detectable 1imit = 2% of span or _y/./ <fpwor % (circle one)
Maximum zero drift = S % of span or ppm or % (circle one)
Maximum cal, drift = 25 % of span or ____ppmor % (circle one)
COMMENTS: Pretest or posttest (circle one) calibration used to quantitate
sample data. Posttest 1s use rift exceeds limits an post-

test ylelds higher concentrations.
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CEM DATA REDUCTION SHEET FOR BAG ANALYSIS OR STEADY READINGS

*
Date __ /& §/ Parameter $0,, NO., C0,, 0,¢JHE, CO

Operator 2 4 zfcza//PN FoszY Location _gerepg.amar Cwureer

Pollutant ppm/% « {Chart division » b)  (CD ~7.22)

m (w67 )
Average
Time** | chart
Run No. | (24-H) | division| Conc. Comments
Ackm- | y320- 024 | &S /3.5
yxzy /3 | 7§ 9.4 UNOCR THE dETECTION 20miT 08 pr.¢ pyms
y I =) Q57 28 7y /
r3su-190f | )-8 i '; LL
sderin | 7E '
rvd 744 25 2l
Ao 2 <1 /{é’; Z;-’ ;é' Seom 1He fetérriow empr
o r;?’r& ? é.? 3 V 0
ys3r-1597| o § 2y
hsy#-1¢5F | 4.8 3y
5579 ~ AaN 1732 2.9

* For NO, indicate whether NO, NO + Noz. or NO, for specific interval,

" Indicate whether time interval is from beginning of first time to begin-
ning of second time or to end of second time (circle one, or describe
alternate).

Calculated by é/ﬁ ’%n 7% Checked by Tk on YK -¥-49y
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CEM DATA REDUCTION SHEET FOR BAG ANALYSIS OR STEADY READINGS

Date ¢ #- 5/ Parameter $0,, NO.,” €0,, 0,¢ 0

Operator /Z'kﬂ%»/PN Foseyy  Location _GPRxGuter coirieT
(Chart division - b) _ (CD -&.22)

Pollutant ppm/% =

m (/867 )
Average
Time** chart
Run No. | (24-H) | division| Conc. Comments
-3 |pss-nw| 6-F 2 Sezaw JCTETION %000 T
M’f)"—/é.‘é’ 6‘({ o, lj/
s - #0s | 45 r£?

1 108 - /7/: é'r - 7
Y- 1148 7% 3
oase 1035 i f *

For NO, indicate whether NO, NO + NO,, or NO, for specific interval,

Indicate whether time interval is from be?inninq of first time to begin-
n}ng of second time or to end of second time (circle one, or describe
alternate).

Calculated by%{ 7-4L 5/ Checked by _ T on M -5 -9
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INITIAL CEM CALIBRATION AND PERFORMANCE EVALUATION
Plant LETIER tenvny Rmy  AJeger  Parameter  §0,, CO,, 0,, NO , JHD
Location < oamawsiuos, 49 - Monitor vz
Date -4 Span value ﬁ or % <773
Operator A 270 e Chart scale ~I00

PN e XY 7w Pbar, 1n.Hg 20.0F
Chart divisions Concentra-
" tion pre- Cali- Sampling
Cal. gas Direct Injection dicted by bration system
Cylinder conc., 1injection through equation,* error,** bias ,***
No. ppm or % to monitor system Direct System % of span % of span
--------------------------------- n\--‘u------------ l-----.--------o-------:------
Amosiss o/ §4.0 708 serblspd - +9
femoofns WO .sso <. 55@(, 244 2 -¢.7
AN 000 (9] 9993 € 230 cod 1o =, | .’('3
...... SN o YO 1T~ /0% SR B 2 N - S X B

* Perform linear regression of pretest cal. gas concentration vs. chart
divisions to determine fpllowing equation:

y=mx +b X = ppm y = chart division

/00 C) w= .2-.‘57: 2 r,_;,
For data reduction:

. (Chart divisfon - b) _ (CD «7F )
Pollutant ppm/% - Cdere )

Calculation concentration ﬁredicted by equation using actual chart

response obtained from each calibration gas response.

(Concentration of cal. gas

** Calibration error, % span = BEM - pregti,::edp;:‘nc.. PEM y 100 |
»

Acceptable 1imit = +2% each gas (THC 1imit {s £5%).

*** Sampling system bias =

(Direct injection gas conc. - system injection gas conc.) x 100
pan value

Acceptable 1imit <5% of span

Min;mum detectable 1imit = 2 percent of span or HC'S <Ppd or % (circle
one

Rise time to 95% of response for high cal. gas injected through system
(return to zero after each injection):

<€ s, 8.5 s, %5 s Avg. 36 $
Precision, % scale = difference in chart division response for two repeated

fnjections of the same gas concentration = V& . 905 = %
(clock time = __ =Rz : ) 2

COMMENTS:

I
i
i
i
i
1
I
i
i
i Correlation coef. = _, 77777
i
!
|
I
i
:
I
i
I




Plant wy /% Parameter  $0,, C0,, 0., NoxngE§2
Location 2P goepbour coprzer = Monitor | Ly 42

Date -5/ Span value ggmor % 5587
Operator _A2 Z)fymé Chart scale 100 &%5-7

PN _SOsH Pbar, in.Hg _ 3509 ,

Time, Pretest@g//  Post-test 42921_ Tamb, °F 20°

Run No. m - L -2 Ao

Concentration Analyzer
predicted by cali-

Cal, gas Chart divisions equation* bration
Cylinder conc., error ,**  Drift wr

No. ppm or % Pretest Posttest Pretest Posttest % of span % of span

on s L g TS 2l Y5170 _ oy OS5 &=
IMeFRS O g9 S oMb 29w oy 1y

|
i
I
1
i
i
I
] “7 77 me wmg s w3 g -2z
i ‘
i
i
|
|
|
|
i

* Perform linear regression of pretest cal. gas concentration vs. chart
divisions to determine following equation:

ye=mx +b X = ppm y = chart division

For data reduction:
(Chart division - b) _ CDjJ?;))
m

(
Uo7

Pollutant ppm/% =

Correlation coef. = Cf‘ﬁf‘i

** Analyzer cal, error, % span = (Cal. gas conc. gpx";]ﬁ;edic“d) x 100

Acceptable 1imit = <2% of span (5% for THC).:

response - fnftial cal. response) x 100
Span value

**% Drift % span = (Posttest cal.

Acceptable limit <3% of span
Minimum detectable 1imit = 2% of span or _f/A [ ER®or % (circle one)
Maximum zero drift = & % of span or ppm or % (circle one)
o Maximum cal. drift = 25 % of span or ppm or % (circle one)
'm COMMENTS: Pretest or posttest (circle one‘ calibration used to quantitate
Fay sample data. Posttest is use rift exceeds 1imits an post-

test yields higher concentrations.




Date

P ¥ A

CEM DATA REDUCTION SHEET FOR BAG ANALYSIS OR STEADY READINGS

* €0,y 0,782, €0

Parameter S0O,, NO*,

Operator 42 Z,zfzt /PNM Location gempiimay Curicr

« (Chart d1v1s1on -b), i ~%- .22}
Pollutant ppm/% T

\

Average
Time** chart
Run No. | (24-F) | division| Conc. Comments
gm”_/ /3.7#‘/.33'/ 7S s
jagy -3 | ¥ 9. UAER TUE AETECTION LrniT em 4.0 A
y e -1 25V '.7‘3 %y
AR 7Y
1904 14 2é Y
- 2y ns 24
ARobm~ 2 /’;”7 ;_/g; Z ? ;:’ QSelow 786 fJererrion <imiy
521437 | 2.8 3. \[/
Ys3r-1597| & § 3y
ysyf-s85F] &% 3y
ys<? ~ ) F 2.9

For NO, indicate whether NO, NO + NO,, or NO, for specific interval,

Indicate whether time interval 1s from be$1nn1ng of first time to begin-
ning of second time or to end of second t
alternate).

Calculated by Wn F7-F7 Checked by _T k. on -¢-4

me {circle one, or describe




CEM DATA REDUCTION SHEET FOR BAG ANALYSfS OR STEADY READINGS

Date . ¢/ 9§/ Parameter $0,, NO.,” €0,, 0,E€THC O
Operator /Z‘IIZZ@?PN FSCyY  Location G lemsats® oo risT

(Chart divisfon - b) , (CD -&-22)

Pollutant ppm/% =

m (/667 )
Average
Time** | chart
Run No. | (24-K) | division]| Conc. Comments

-3 lpas-nvs| 6-% 3 RBezan deTeenow s
i8S | oS l-7 L[”

ss-#os" | 4.5 /7

108 S 4.5‘ ~?

g 25| 68 3.7

oas- 1735 4. F 4

For NO indicate whether NO, NO + NOZ' or NO; for specific interval,

Indicate whether time interval is from be?inn1nq of first time to begin-
n}ng of sgcond time or to end of second time (circle one, or describe
alternate

Calculated by% -2—22 Checked by __7 on _J-§-S)

I -




LABORATORY DATA SHEETS
C-1
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[Uqiumeye  ANALYTICAL

CORPORATION ~ SERVICES

CERTIFICATE OF ANALYSIS
ITAQS Cincinnati Date: May 1, 1991
Attns Mr. Chuck Bruffey
Job Number 21381 P.O, Number 816006-002

This is the Certificate of Analysis for the following samples:

Client Project IDi USATHAMA

Date Recelved: April 9, 1991

Work Order: X1=-04-060

Number of Samples: 4

Sample Type! Multi=-Metals Tralins

I, Introduction

Four multi-metala trains and blanks arrived at ITAS Cincinnatli on April 9, 1991. The
sanples were sent for analytical work in support of monitoring work on the USATHAMA
Project:. The samples are labeled as follows:

Run # AOPM=1
Run # AOPM=2
Run # AOPM=-3
Run # AOPM-Blank

II. Analytical Results/Methodology

The analytical results for this report are presented by analytical test. Each set of
data will include sample identification information, the analytical results, and the
appropriate detaction limits.

Each train consisted of a filter, acetone rinse and HNO3 impinger. The filter
and acetone rinss were analyzed per EPA 5. After EPA 5 analysis they were
composited with the HNO3 impinger and analyred for the metals listed on the next

page.

Reviewed and Approved by:

-
/M—~5 qu(&
Tim Soward _

Project Manager
104060

American Council of Independent Laboratories
International Association of Environmental Teating Laboratories
American Association for Laboratory Accreditation

C-4
IT Analytical Services « 11499 Chester Road + Cincinnati, OH 48244 « 813-782-4400




Client: UlsoaddiaMA
Work Order: X1-01=060
10406001 IT ANALYTICAL SERVICES

CINCINNATI, OH

II. Analytical Results/Methodology (cont.)

* Lead by Graphite Furnace Atomic Absorption;
EPA Method 7421

*  Cadmium, Chromium and 2ine¢ by Inductively
Coupled Plasma Spectroscopy; EPA Method 6010

III, Quality Control

Immediately following the analytical data for the samples can be found the QA/QC
information that pertains to these samplee. The purpose of this information is to
demconstrate that the data enclosed is scisntifically valid and defensible., Thins
QA/QC data is used to assess the laboratory's performance during the analysis

of the samples it accompanies. All quantitations were performed from within the
calibrated range of the analytical instrument,

The lead analyses by Atomic Absorption were done in duplicate. The average
is reported.




Client: USATHAMA
Work Order: X1-04-060
10406002 IT ANALYTICAL SERVICES

CINCINNATI, OH

. _________________ |
Analytical Results, ug

Client Sample ID Run # AOPM=-1 Run # ROPM=2
Lab No. 0l 02

Detection
Analyte Limit
Cadmium 10 4.5 1
Chromium 19 20 3
Lead 45 80 4
zine 84 120 4
Client Sample ID Run # AOPM=3 Run # AOPM=4
Lab No. 03 04

Detection
Analyte (Lel /!) Limit
Cadmium 8.6 ND 1
Chromium 24 3.8 3
Lead 102 1.4 4
Zine 100 1¢ 4

ND = Not detected above the reported detection limit

Quallity Assurance Data

Quality Control
Standard Reference Solution

Thecretical Percent
Analyte Value Recovery
Cadmium 1 99.4
Chromium 1 98.8
Lead 0.07% 102, 96.3
2inc 1 102
C-8




Teethod 5 BElambk Analvticel Data

FlantiLETTERKENNY ARMY DEFOT

Demaity of Acetone QLW78%9 g/ml (pa)

s R I PE LU ST G SO A )DL OGN MU U AR LR N CEAN R S0 0 AN TRE U 0 3t A L ot ot Al o OO ) MO et o i M LA 1S Y OVt S GNL R DS MO MMM D B AR LY M K0 00 5 G I BU NN S G 2%

E Bample E Liquid level at mark
e e o and/ar container sealed .
Acetons E YES { YES
;II;;:NMNN;mwnnwﬂ_;;;wm"mm__"m_unu_*_{-_____-;;é._____~__ ________________
e 0 R B 0 A 0 2 M R 0 D 0 2 1 0
Acetona Blank Combaimer No.lB%T82E Lab #:1X104060048
Valume of Acetone: 219 ;YT"?;;?—”"~“ T
Date & Time of wt.;;EE;;;méliawM Ewaker Grose WL.1104947.4 mq.’/
Date & Time of Nt.;;;£;;I";:;;;;_ Beaker Grose Nt.lzaz;;;:Immg.“”

T Average Gross wt.::;;;;;jgumg.
Beatker Tare Nt.|1m4934.m—mq.v”
SEy g /) M~~3Tizm~w Beaker Net wt.anum’zgtgmmg.(ma)
(V) (pa) e
Acetone Rlamk Valuer 0.0724 mg/g (Ca)
Blarmk Valuwe uwsed for Calculaticomst 0.0100 mg/g
Filter #1 8970049 Lab #1X10406004A
Date & Time of WL.4/22/91 713@AM  Filter Gross We.1  468.6 mg~
Date & Time of wt.;;éi—gz—é:zgﬁﬁm Filter Gross wt.."“-;;;T;‘mg -
T Average Groas Nt.l-"-;;;?;“mg
Filter Tare Nt.l-_-;;;?;—mQu/’
Diftferences 5:_—mg
Remar ks T

Signature of Analysturcgz :' 427 Date: & o259/
Signatuwre of Reviewer: z W’\ Dateuj %r
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Aethod % Train Analvtical Particulate Data
acetore Rimess ard Fillter(s)

Flamts LET’TF.‘-ZF(P::EI*INY R No . 1AQRM~1
Sample Lcncat‘innAF'fLHHLJhNE.R/OlJTL-I:TDﬁ-nhity of Acetone 0.78%99 q/ml/

i 0GR s KAE 10 NER NN BE MR B I B¢ 33 R UBU W RNN M3 SR NN SN S0 I DU S8 S5 BN U5 TN 18 U R RO0 20 RN 20 6% O 0 NN U BID (N SN INW LR L30 1N N BR RN OO BR: i RGN N O N SR 3% 203 100 (5 I TR OO NS LT RE O

] |
t

[}
Sample | Bample ' Ligquid level at mark
type | identifiable ' and/or container sealed
[ : 1M (458 W 08 o o RS A o B 14 O S O o S T St 4 I S TR : ) . o v B S S L A R O o P G T 6 €4 W A o o 1 (Y B e B S
Avetone | YF“ | YES
won ve st v i o v tme | s o o m 4h0 1 (0 0 vt P o] AN T i 1109 o T S 0 it W R 0 : e i B AU AR B04 San o e tosm T S B K 0 (4 M 0 e S o B 1 e % e T e B
Filter | YE& ! YE®

HE N0 BN DA TR DN S UU0 UNG) U IRD B RS S U O NN R W OTVX MOED I0NR LR AL FLSU AT MO T A U U0 CLRY VR DU OV PN O U 0200 UM MY 0 %5 M OO 7Y UM MY BN S R AT YRR LG ISR D UL I IR IR K TR IENR (NN KM AN Rt (R RN 09 R

Acetone EBlank ‘Residue Conc., O.Q1O0 mg./g/ Lab #i1X10404001R
Acetona Yolume: 18 :n—l».-,-/“" T
Date & Time ot Wh. 4:'*“-‘/'4»’;‘”‘41'%'!"1 Heaker Gross Wh.t 985897 .8 mg ~"
Date & Time of W, 4/13;;;-;;;T;g Fesker Gross wt.lﬂ;;;;;fzmmq-f’

Average Gross Wt.1 98U97.46 mg

- 1 - o

Beaker Tare Wt.1 98882.% mg e«

— ) = 0 - o @ A

lL.ame acetora blamk wh.: 1.4 mg
Farticulate Wh.aa 1%.7 mg
Fil ter # ’?1773(23&31 Labh #1X1040500LA
Date & Time of Wi, 4,"'.?2./91 73 TOAM Filter Gross Wt.: 41%.% mg v~
Date & Time of wr..w:a;emx 2ULSEM Filter Gross Wt.: 419.T mg

o " - s £12 o b e tois S b

Average Gross Wt.: 419 4 mg

Filter Tare Wt. 4@1.03 mg «~

Weight of Farticulate on Filterm 18.4 mg
Waight of Farticulate in Acetone Rinseln 1%.7 my
Total Wh., of Particulate:, J2.1 myg

- 0t e v v ———

gignature of Hlml/st!7Q2 : a&/%m Date: - 25-Q/
Signature of Reviawer) rd"///; % Date: f/f//
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Aethod O Train Analvtical

Feetone

FlantiLETTERKENNY Riar

b boohe VL e 1) AL M P S S bk bt AL St ol AR A S A S OO S R S O S SO O Sty g

Bample LocationAFTERBURNER/GUTLETDensLty of Acetone

Farticulate Date
Fiinges armd Filter(s)

No ., tAQFM-2

v i 00 ol i M T o B T S B B oy o

T D N U R i 0N (T R LR (T I R P3N TN R ONMD NN T UMDY RO OO0 IR R0 G0 AR IS W N R el MR BD 0N IR INY ONS UM I ISR NAH KSR N2 (0% A IR SR IR DR BNR MR RI TR 0T IR A0 130 U0 N O NN AR IR (RO AN PR L0 R AR IRR Y

] '

1 ]

Sample | Bample '

type | ledentifiable !

OO — : 1 1B 18 i 1t b M 0 T T PR A Joi AL N e R o P R S Bl b : [

Acetone | YE® ' YE &

- o e 03w w || I P S oo 1 AR 41 e G 41 A [t A0 I Bk i Do T o TR O P B A R :
Filter | YES ' YES

l.iguid level at mark
and/or contalner essaled

WO IS i R o N W A8 N0 B4 1 I B ) e OO R PO S B B G06 B DI WP DO O G0t N Seh B

N S B Ao i . [V B S T 0 1SN AT I St WAL S G040 T MO M M Do OO T LI A Srm et 00 b S bt

U AR NS MR A (O AR AN TR LN PR DY DO UM RN [ iR o Uy R pe vt ) G U0 U W U0 1A% IE R 0N SOX SR R A gt 02 i donn et m YO (AR IO 10 0 o MY IME MR TRIBSI pRiEmtipmnnpmoam o MmN e AR

2.0100 mg/g

148 ml, o

R Y I

Date & Time of W.,4/22/91 20 10FM

Aretorne Blank Rewlidue Conca.

Acetone YVolume:

Eeaber Grosse

Date & Time of Wh.4/72%/91 S14%AM Benker Gross

T Avarage Brose
Beaker Tare

lL.rupe acetone blank
Fartliculate

Lab #:X10404002

B3 o N S Wy B S04 WG L GO e s S

PL7Q0GD

o T o o oy dots

Filter #

Time of WL A4/22/791 7¢T0AM

o ) s 4% ot Ul N o G

Date & Filter Grows

Lab #1X104Q0600LE

Wt. 11009 72.0 mag ~

Wt t1@W972.1 mg

. . .

Wt. 110596%.4 mg v

N 0o ot o 1

whte 0.9 mg
Wt 5.8 mg

-

Wt. B2, 1 mge”

Date & Time of WL.4/728/%910 21010RPM Filter (Brome Wt.d S84 mg’/
T Average Bross wt.l—--;'gt;—mg
Filter Tare wt.l—_mgg;jé—mg/’
Weight af Particulate on Filtlrlﬂ__“_;TI mg
Welght of Farticulate in Acetone Rinsei ;:;_mg
Total Wt. of Particulate ~~-~Iajg_mg

Gignature of Armlyustlf

C-9
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Signatuwre of Reviewerl ;ﬁ J42§22Mffz
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Metted & Train Analyvtical Farticulate Data
ficetone Rimses and Filter(s)

Flamt IF]fEHFLNNY Rum No. tAQFM-3

T el T T L L h 1o 908 Rt A ey ot o Aot o St e S ——

Bample anatiouﬁFlEﬁﬂUﬁNrR/OUILETDenEJtv of Acetone O.7899 ¢/ml 7~

O R T -1 o -

Sample | Bample ; Liquid level at mark
R A o _Anaser_container sealed .
Fostone E YES 3 YES
T Y
2 S D D B O R 0 54 1 T A A 3 5 AR S O D A R
Avetune Blank Residus Cone. @.0100 mq/q’/’ Lab #ux1m4mamw 3]

Acetone Volumet 1Lan ;ITM;/ ) T
Date & Time of Wt, ;;;:mwmw;l1ﬂﬂM Beaker Grose Wt.1102478.8 mg-”
Dinte & Time of Wt. 4,¢ﬁ/vllé;;;n; Bealker Gross Wt.lzalg-émzmeV’

Average Groms wt.|1@“4“ﬂ 6 mg

Beaker Tare wt.|1@24“? é mg“’/

0 e 0 -

Lens acetone blank wht.: @.B mg
Farticulate W 6.2 mq
Filter # 9170002 (Y n|x1m4m@mmﬂn
Date & Time of wt.4/”“/91 'z-QAM Filter Gross Wt,: 40~.2 mn“/
Date & Time of wt.4,ﬂh/91 LnlﬂFM Filter Grose Wt.:! 402.3 mgd/’

e S S o Bt e A M A b S G e -

Average Gross Wt,1 402.7 mg

Filter Tare Wt.! 400.7 mg/

Weight of Farticulate on Filter 2.0 mg

Welight of Particulate in Acetone Ripsed 8.2 mg

Total Wt. of Farticulate: 18.2 mg

Signature of Analvati {Z/ ' Daten qVS,/H,

Signature of Reviewer:

e A S T
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[VqiERumy  ANALYTICAL
CORPORATION SEHVICES

CERTIFICATE OF ANALYSIS
ITAQS Cincinnati Dates April 29, 1991
Attn: Mr. Chuck Bruffey
Jeb Number 21381 P.O. Number 816006=002

This is the Certificate of Analysis for the following samples:
]

Client Project IDi USATHAMA
Date Received: April 9, 1991
Work Order: X1=04=065
Number of Samplest 12

Sample Type! Solid/Water

I. Introduction

Severn solids and five waters arrived at ITAS Clncinnati on April 9, 199). The samples
were sent for analytical work in support of monitoring work on the USATHAMA Project.

The samples are labeled as follows!

Solid # FBM-1 A=l Ash Water #2 Lead FBPs
Solid # FBM-2 S-1 Steel Shotblast Media Water #3 Inlet H20
Solid # FBM-3 #1 virgin Bed Material Water #4 FBPs Quench Outlet
Solid # FBM~-4 Water #1 Quench Outlet wWater #5 FBPs Quench Outlet

II. Analytical Resultas/Methodology

The analytical results for this report are presented by analytical test. Each set of
data will include sample identification information, the analytical results, and the
appropriate detection limits.

The solids were analyzed for the folluwing metals on a TCLP basis.

Reviewed and Approved by:

7~
Tim Soward

Project Manager
104065

. American Council of Independen! Laboratories
International Association of Environmental Testing Laboralones
American Association for Laboratory Accreditation

C-12




Client: USATg;MA

work Order: X1-04-065

10406501 IT ANALYTICAL SERVICES

CINCINNATI, OH

II. Analytical Results/Methodology (cont.)

* Cadmium, Chromium, Lead and Zin¢ by Inductively
Coupled Plasma Spectroscopy; EPA Method 6010

The TCLP leaching was done by EPA Method 1311.

The waters were analyzed for the same metals on a total basis., ICP was also used.

III. Quality Contrel

Immediately following the analytical data for the samples can be found the QA/QC
information that pertains to these samples. The purpose of this information is to
demonstrate that the data en:losed isg scientifically valid and defensible. This
QA/QC data is usmed to assess the laboratory's performance during the analysis

of the samples it accompanies. All quantitations were performed from within the
calibrated range of the analytical instrument.

Matrix spikes were performed for each of the TCLP analyses. The recoveries are
presented with the sample results.

C-13




Client: USATs;HA

Work Order: X1-04-~-065

10406502 IT ANALYTICAL SERVICES
CINCINNATI, OH

Analytical Results, mg/L

Client Sample ID Lab No, Cadmium Chromium Lead Zine
Solid # FBM=-1 01 0.25 0.021 3.4 0.47
MS% 94.2 106 99.5 93.0
Solid # FBM-2 92 0.23 0.052 5.2 0.42
MSS 96.5 109 96.9 96.5

Solid # FBM-3 03 0.41 0.30 7.5 0.30
MS% 90.4 104 4.5 88.7

Solid # FBM-4 04 0.47 0.20 8.2 0.67
MSH 83.1 105 92.6 86.6

A=1 Ash 05 1.1 0.010 44 2,8

MS% 92.4 108 101 89%

8=1 steel Shotblast Media 06 2.7 ND ND 180
MS% 76.7 102 88.7 (1)

#1 Virgin Bed Material 07 0.006 0.050 ND 0.17
MS% 90.6 103 92.7 84,2

Water #1 Quench Outlet 08 0.007 0.045 0.21 0.18
Water #2 Lead FBPs 09 0.003 0.018 ND 0.15
Wuter #3 Inlet H20 10 ND ND ND 0.12
Water # 4 FBPs 11 ND 0.022 ND 0.11

Quench Outlet

Water # 5 FBPs 12 0.003 0.020 ND 0.10
Quench Outlet

Detection Limit ¢.002 0.006 0.2 0.008

(1) Inappropriate spike level !

: C-14




Client: USAé;AHA

Work Order: X1-04-065
10406504 IT ANALYTICAL SERVICES
CINCINNATI, OR

Quality Assurance Data

Quality fertrol
Standard Refere.ce Solution

Theoretical Percent
Analyte Value, mg/L Recovery
- G ... . - S G R G EE S . . - - - S S WS S Eh
Cadmium h | 96.9, 96.3, 94.5, 94.4
Chromium 1 $7.9, 97.1, 98.0, 98.0
Lead 2 87.5, 96.5, 99.6, 96.6
2ine ’ 1 95.1, 93.6, 97.7, 96.9
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INTERNATIONAL ANALYTICAL
m CORPORATION SERVICES

O
O
x
o

CERTIFICATE OF ANALYSIS

IT Corporation Date: May 17, 1991
1133 21st. Street NW, Sulte 300
Washington, DC 20036

Attn: Mr. Duane Parker

Job Number 21341 P.O. Number 805625

This is the Certificate of Analysis for the following samples:

Client Project ID: USATHAMA

Date Received: April 9, 1991

Work Oxder: X1=08=027

Number of Samplest 5

Sample Type: Vaste .

I. Intreduction
Five waste mamples arrived at ITAS Cincinnatl on April 9, 1991. The samples
were sent for analytical work in support of monitoring work on the USATHAMA
Project. The samples are labeled as follows:

FBM=1 FBM-3

FEM=2 FBM=-4
#1 virgin Bed Material

II. Analytical Results/Methodology

The analytical results for this report are presented by analytical test. Each set of
data will include sample identification information, the analytical results, and the
appropriate detection limits.

The analyses regquested are listed on the following page.

Reviewed and Approved by!

Tl ~ Sttty
Timothy 80‘ard
Project Manager

105027

Ameancan Teunal ! Independent Laborateries
Lot gtonc] Assoctation of Enarenmental Testing Labortatones
Amunean Assocint o for Laboratory Accreditation

IT Analytical Services ¢+ 11499 Chester Rguid i} Cincinnati, OH 45244 - 813-7824600




Client: USATHAMA
Work Order: X1-05-027
10502701 IT ANALYTICAL SERVICES

CINCINNATI, OH

L .

II. Analytical Results/Methodology (cont.) s
* Cadmium, Chromium, Lead and Zinc by Inductively
Coupled Plasma Spectroscopy; EPA Method 6010

III. Quality Control

Immediately following the analytical data for the samples can be found the QA/QC
information that pertains to these samples. The purpcose of this informatlion is to
demonstrate that the data enclosed is scientifically valid and defensible. This
QA/QC data is umsed to assess the laboratory's performance during the analysis

of the samples it accompanies. All quantitations were performed from within the
calibrated range of the analytical instrument.

C-17




Client: USATHAMA
Work Order: X1-05-027
10502703 IT ANALYTICAL SEPVICES

CINCINNATI, OH

Analytical Results, ug/g

Client Sample ID FBM~-1 FBM-2 FBM-3 FBM=4 #l Virgin
Bed Material
Lab No. 01 02 03 04 07
Detection

Analyte Limit
cadmium 5.4 6.4 9.2 11 0.28 0.2
Chromium 6.8 5.3 19 37 3.0 0.3
Lead 60 77 200 260 ND 6
2ine 7.9 9.2 11 18 ND 0.8

ND = Not detected above the reported detection limit

Quality Assurance Data

Quallty control
Standard Raference Solutions

Theoretical Percent
Analyte Value Recovery
Cadmium 1 95.9
Chromium 1 99.1
Lead 2 99.8
Zinc 1 82.4
C-18




e .
m' INTERNATIONAL ANALYTICAL
CORPORATION SERVICES

CERTIFICATE OF ANALYSIS

IT Corporation Date: May 17, 1991
1133 21st. Street NW, Sulte 500
Washington, DC 20036

Attn: Mr. Duane Parker

Job Number 21421 P.O. Number JTS # 816006
This is the Certificate of Analysis for the following samples:

Client Project ID: USATHAMA Prodect

Date Received! May 8, 1991

Work Order: X1-05-056

Number of Samples! 3

Sample Type: Solid .

I. Introduction
Three solid samples arrived at ITAS Cincinnati on May 8, 1991. The samples

' were sent for analytical work in support of monitoring work on the USATHAMA

Project. The samples were labeled as follows:

Solid # sc-1 Solid # sc=2 Solid # sc-4

II. Analytical Results/Methodology

The analytical results for this report are presented by analytical test. Each set of
data will include sample identification information, the analytical raesults, and the

appropriate detection limits.

The analyses requested are listed on the following page.

Reviewed and Approved by:

'-i A SC‘-UJ‘&/Z 6
Tim Soward -
Project Manager

105056

Ametican Council cf Independent Laboratrrien
Internatiunal Association ol Encarotimentyl Testing Labaratanes
Amencan Association for Laboietor) Accteditntion

IT Analytical Services ¢ 11499 Chester Road * Cincinnati. OH 48246 « 813-782-4600




Client: I4E§SATHAMA
Work Order: X1-05-056

10505601 . IT ANALYTICAL SERVICES
CINCINNATI, OH

II. Analytical Results/Methodology (cont.)

* cadmium, Chromium, Lead and Zinc by Inductively
Coupled Plasma Spectroscopy; EPA Method 6010

* Total sample waeight befora analysis

III. Quality Control

Immediately following the analytical data for the samples can be found the QA/QC
information that pertains to these samples. The purpose of this information is to
demonstrate that the data enclosed lsg scientiflcally valid and defensible. This
QA/QC data is used to assess the laboratory's performance during the analysis

of the samples it acconmpanies. All quantitations were performed from*within the
calibrated range of the analytical instrument.
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Client: Ié:QSATHAMA

Wwork Order: X1-05-056

10505602 IT ANALYTICAL SERVICES
" CINCINNATI, OH

Analytical Results

Client Sample ID solid # Solid # Solid ¢
sC-1 sC-2 §C-4
Lab No. 01 02 03
Detection
Analyte Unite Limit
Cadmium ug/g 600 630 900 0.2
Chromium ug/g 15,000 21,000 30,000 0.3
Lead ug/g 86,000 120,000 170,000 6
Zinc ug/g 790 1,000 2,000 0.5
Total
Sample Weight g 11 0.93 0.26
Quality Control
Standard Reference Solution
Theoretical Percent
Analyte Value Recovery
cadmium 1 101
Chromium b 104
Lead 2 98.3
Zine 1 96.4

C-21
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SAMPLING AND ANALYTICAL PROCEDURES
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SAMPLING AND ANALYTICAL PROCEDURES

This Appendix details the sampling and analytical methods used In this test
program. These are generic descriptions with modifications detailed as follows:

[}

Determination of Particulate and Trace Mstal Emissions

The method as written is applicable to the measurement of trace metal
emissions jncluding mercury. The additional impinger solution (potas-
slum permanganate) and recovery and analytical procedures specific to
mercury analysis will not be used in this test series, since mercury Is not
a metal analyte of interest. The potassium permanganate impingers will
be replaced by an empty impinger followed by an impinger containing
slica gel.

Determination of Total Gaseous Organic Concentration by U.S. EPA
Method 25A

No modifications as written.
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Title: 25A
Date: __10/16/90

DETERMINATION OF TOTAL GASEOUS ORGANIC CONCENTRATION BY EPA
METHOD 25A

Sampling and analysis procedures for determining total gaseous organic emis-
slons are those described in EPA Method 25A." Gas flow rates are determined by
using EPA Methods 1 and 2 for velocity and temperature, a Fyrite or Orsat analyzer for
oxygen and carbon dioxide content, and wet bulb/dry bulb temperature measure-
ments for moisture content. The following is a detalled description of Method 25A
equipment and procedures.

Sampling Apparatus

The sampling apparatus is shown in Figure 25A-1. The system is set up and
operated in accordance with the guidelines in the operating manual for the total hydro-
carbon monitor, In addition to the hydrocarbon analyzer, the sampling system con-

sists of:

Pariculate Filter - A short piece of 1/2-in.-l.d. pipe packed with glass wool and
attached to the end of the sample probe, if needed, or equivalent.

Sample Probe - Stainless steel tubing inserted into the gas stream being
sampled. A thres-way ball valve at the outlet of the probe is used to add
calibration gas.

Sample Line - 1/4-in.-0.d. heated Teflon line self-imited to maintain a sample
temperature between 250° and 300°*F.

- One stalinless steel three-way vaive and 1/4-in, stainless
steel tubing are used to supply calibration standards and sample gas to the
monitor. One three-way valve is used to select calibration injections or to
sample stack gas. The whole system is wrapped with heat tape.

* 40 CFR 60, Appendix A, July 1990.
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GLASS WOOL
HEATABLE FILTER
3-WAY VALVE  (IF NEEDED)
\\\\\h\\\\\\\\:::b\\\\\\\\\\\\ ~—C
PROBE | STAINLESS
\ STEEL PROBE
\ HEATED 1/4-in.
\ SAMPLING LINE
CALIBRATION
GAS LINE y
. ALV
‘h\\\\\\\\\\\\\\\. ‘ OPT|ONAL 3 WAY E 1/4“"- TEFLON
£} FOR ALTERNATING
BETWEEN TWO SOURCES CALIEmTION
BECKMAN 402 GHART
FID RECORDER
FUEL GAS AR
(40% H2/60% Na)

= STAINLESS STEEL TEE,
ONE LEG OPEN TO ATMOSPHERE

D GAC D
HIGH MID LOW  2ERO

GAS
METHANE STANDARDS AND 2ERO

Figure 25A-1. Method 25A sampling system.
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Callbration Gases - Methane standards in air and zero nitrogen (less than 0.1
ppm THC) are used to calibrate the monitor.

Euel and Ar - A cylinder of 40 percent hydrogen/60 percent nitrogen and a
cylinder of compressed air to provide fuel and an air supply for the analyzer's
flame.

Chart Recorder - A Heath strip-chart recorder or equivalent is used to provide a
permanent record of hycrocarbon concentration data.

A Beckman 402 total hydrocarbon analyzer that works on the principle of flame
lonization is used. All critical sample-handiing components of the analyzer are con-
tained in a heat-controlled oven. The oven temperature is maintained at 250°F
throughout the test program. The following analyzer specifications were provided by
the manufacturer:

Full-scale sensitivity: Adjustable from § ppm methane to
10,000 ppm (%) methane

Response time (0 to 99%): Less than 1 s for oven temperature of 200 F
Less than 1.5 s for oven temperature of 400°F

Electricity stability: x1 percent of full scale per 24 hours, with
ambient temperature change of less than
10°F

Reproducibility: z 1 percent of full scale for successive

identical samples
Output: Selectable from 10 mV, 100 mV, or 1V.

The magnitude of the analyzer response to carbon atoms depends on the
chemical environment of this atom in its molecule. Typical ratios of monitor response
to methane for carbon atoms in various molecular structures are listed in Table 25A-1.
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TABLE 25A-1, MONITOR RESPONSE FOR VARIOUS MOLECULAR STRUCTURES

Molecular structure Response relative to methane, %
Aliphatic compound 100
Aromatic compound 100
Olefinic compound 95
Acetylenic compound 130
Carbonyl radical 0
Nitrile radical 30

Monitor Setup and Callbration

The montitor setup and check procedures outlined here are performed prior to
sampling. The monitor is calibrated by introducing zero and high-level calibration
gases to the calibration port of the sampling manifold. The predicted response for
low- and mid-level calibration gases is calculated, assuming that the monitor response
is linear. The low- and mid-level gases are then introduced into the monitor. If actual
responses for the gases differed from the predicted responses by more than 5
percent, the monltoring system is Inspected and repaired before sampling begins.

Once the monitor is calibrated, a system integrity check is performed. Zero
nitrogen and one of the methane standards are sampled through the sample probas
and lines to make sure that the sampling system is not diluting or contaminating the
samples. A stainless stoel tee with a leg left open to the atmosphere is placed on the
end of the probe during this step so that calibration gases being sent from the
cylinders do not pressurize the sampling system.

Once the sample lines are checked out, a response-time test is performed.
This test consists of introducing zero gas to the probes and switching to high-level
calibration gas when the system is stabilized. The response time is the time from the
concentration change until the measurement system response, and it is equivalent to
95 percent of the response for the high-level calibration gas. The test is performed
three times, and results are averaged.
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Samplirig Procedures

At the start of the test day, the monitor is calibrated and a system integrity
check is performed. Each sample line is also leak-checked by capping the end of the
probe and observing the sample flow rotameter level on the hydrocarbon monitor. |f
no flow Is indicated by the rotameter, the leak check is considered acceptable.

Dally calibrations for each range are performed with three calibration standards
(low-level, mid-level, and high-level) and zero nitrogen. Each calibration range is
checked by linear regression calculations, which indicate linear responses and are
used to reduce field data.

When sampling is completed, a callbration drift check s performed on the moni-
tor by introducing the zero and mid-level calibration gas to the monitor. If the call-
bration drifts for the gases do not exceed 2 percent of span, the pretest calibration
curve Is used to report sample results. If the calibration drift for either gas exceeds 2
percent, the monitor is recalibrated and both sets of callbration data are used in
reporting the results.
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Title: __PMM
Date: 4/17/91

DETERMINATION OF PARTICULATE AND METAL EMISSIONS

Sampling for filterable particulate matter and total metals (particulate and gase-

ous) emissions was conducted in accordance with the M_e_thg_dg_lg_qy_tqung_nﬂg_[mm_a_

Processes.* This is the same procedure as that In Subsection 3.1 of the Methods

Manual for Compliance with BIF Regulations.** The particulate determinatiort in this
method is corsistent with EPA Method 5,***

Sampling Apparatus

The sampling train used in these tests is assembled by ITAQS personne! and
meets all design specifications established by the U.8. EPA. The sampling apparatus
consists of:

Nozzle - Borosilicate glass with an accurately measured round opening.

Probe - Borosilicate glass with a heating system capable of maintaining a mini-
mum gas temperature of 250°F at the exit end during sampling.

Pitot Tube - A Type-S pitot tube that meets all geometric standards Is used to
measure gas velocity during each sampling run.

Temperature Gauge - Type-K thermocouple attached to the pitot tube in an
interference-free arrangement with a digital readout to monitor stack gas tem-
perature within 5°F,

Eilter Holder - Pyrex glass with a heating system capable of maintaining a fiter
temperature of 250° +25°F.

Ellter - 87-mm (3-in.)-diameter, Pallflex Type 2500 QAT-UP ultra-pure filter.

* EPA Draft Protocol, July 1988.
** EPA/530-SW-91-010, December 1990.
*** 40 CFR 60, Appendix A, July 1990.




Title: _PMM
Date: 4/17/91

Draft Gauge - An inclined manometer made by Dwyer with a readability of
0.01 in.H,0 in the O- to 10-in.H,O range is used.

- Five Greenburg-Smith design impingers connected in series with
glass ball joints. The first, third, and fifth impingers are modified by removing
the tip and extending the tube to within 1.3 ¢m (0.5 in.) of the bottom of the
flask.

Metering System - Vacuum gauge, leak-free pump, thermometers capable of
measuring temperature to within 2.8°C (5°F), callbrated dry gas meter, and
related equipment to maintain an isokinetic sampling rate and to determine
sample to volume. The dry gas meter is made by Rockwell, and the fiber vane
pump is made by Gast.

Barometer - Anerold tube type to measure atmospheric pressures to
+2.5 mmHg (£0.1 in.Hg).

Sampling Procedure

Pallflex filters are desiccated for at least 24 hours and weighed to the nearest
0.1 mg on an analytical balance. One hundred mL of 5 percent nitric acid/10 percent
hydrogen peroxide solution are placed in each of the first two impingers; the third and
fourth impingers contain 100 mL of acidic potassium permanganate solution; and the
last impinger contains 200 to 400 g of silica gel.

The train is set up with the probe as shown in Figure PMM-1. The sampling
traln is leak-checked at the sampling site prior to each test run by plugging the inlet to
the nozzle and pulling a 15-in.Hg vacuum, and at the conclusion of the test by plug-
ging the inlet to the nozzle and pulling a vacuum equal to the highest vacuum reached
during the test run.

The pitot tube and lines are leak-checked at the test site prior to and at the
conclusion of each test run, This check is made by blowing into the impact opening
of the pitot tube until 3 or more inches of water is recorded on the manometer and
then capping the impact opening and holding it for 15 seconds to ensure that It Is leak
free. The static-pressure side of the pitot tube Is leak-checked by the same proce-
dure, except suction is used to obtain the 3-in.H,0 manometer reading.

Crushed ice is placed around the impingers to keep the temperature of the gas
leaving the last iImpinger at 68°F or less. During sampling, stack gas and sampling

D-9




‘utes] buydwes sielpwyAleINIIRY - [-jgid 24nDLd

dNNd NNNOVA

@ ; YIL3N
1S31 AHQ Wi!
IATVA NIVIN O
— _ - >
O L_Vn_nA.P .VA_%T_ 3014140
JONVO NNNOVA IATVA
SSVd-Ag HOLVOIONI

STIINOOONHIHL FUNLVHIGNIL

Title: _PMM
1

Date:

D-10

HIVE UILVM 301
aaaaaaa D e T
N " SHIONIdN " + [ warawonvin
[ ]
WONOVA v = = ﬁ =
! +f H H HH
10
<o:_m\u\\
1
|
L - - -
INVA -
AI3HO W NN wm:p ho:a
4 -.. TIVMNOVIS
YA INONWHIHL A vOSTH %OLMOUNNA %% 20%H %OL/EONH %S \ .
jw 001 1 001
HIATIOH VUV

Ydiud Q3Lv3H




Title: __PMM
Date: 4/17/91

train data are recorded at each sampling point. Sampling rates are determined with
the ald of a programmable calculator, and all sampling data are recorded on the Emis-
sion Testing Fleld Data Sheet.

Recovery Procedures

Upon completion of each sample run, the sampling train is allowed to cool and
is then disassembled into sections. The probe and impinger sections are sealed and
carefully transported to the cleanup area.

The amount of moisture collected is determined volumetrically using a graduat-
ed cylinder or by weighing each impinger before and after the sample run. After being
weighed, the silica gel Is discarded. Figure PMM-2 is a schematic of the sample re-
covery performed on the different sample fractions. The samples are recovered as
follows:

Container No. 1 - The fliter is placed into a petri dish, sealed, and labeled.

Container No, 2 - The filter holder, probe, and nozzle are rinsed with acetone to
recover particulate. A nylon brush Is used to remove particulate. The rinse Is
recovered in a glass Jar.

Container No, 3 - The nozzle, probe, and filter holder front halves are rinsed
with 0.1 N HNQ, into a leak-free polyethylene container.

The contents of the first two impingers and a 0.1 N HNO, rinse of the filter hold-
er backhalf and connecting glassware are placed in the same leak-free polyeth-
ylene container. The container is sealed and labeled, and the liquid level is
marked.

Container No, 4 - The contents of the third and fourth impingers and an acidi-

fied potassium permanganate rinse are placed in an amber glass container.

The container is sealed and labeled, and the liquid level is marked.

Blanks of each reagent are taken in the field for preparation and analysis in a
manner identical to that for the samples. For each project, the blanks consist of one
or more of the following:

1) Field blank - A sampling train is set up, leak-chacked, recovered, and
analyzed as a sample.
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Title: __PMM

Date: 4/17/91
Fiter Probe Liner Filter Holder and Inipit.gers Last
Nozzle Inpingers 1 & 2 384 Impinger
Brush & Rinse
Acetone
Container #2
- Glass
Remove Fiter with Rinse With Measure Impinger | | Measure Impinger Weigh
Tefion Coated 0.1 N HNO3 Contents Contents Silica Qel
Tweezers and
Place in Petrl Dish

! ! !

Recover Contents Recover Contents
and Rinse With and Rinse With Discard
0.1 NHNO3 4% KMnOw/10%H2804
Container #1 Container #3 Container #4
Plastic Polyethylene Amber Glass
Petri Dish Bottle Bottle

Figure PMM-2. Muiltimetals train recovery procedures.
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2) Reagent blank - A sample of each reagent used Is taken and analyzed
either separately or by combining them in the same proportion as that
used for samples.

3) Blank spike - A set of blank reagents is taken and combined in the same
proportion as was used for the samples. Prior to analysis, the blank set
is splked with a known amount of each metal.

A diagram illustrating sample preparation and analysis procedures for each of
the sample train components is shown in Figure PMM-3,

Sample Preparation and Analysis, Particulate

Container No. 1 - The filter and any loose particulate matter from this sample
are placed into a tared weighing dish, desiccated for 24 hours to a constant
weight, and weighed to the nearest 0.1 mg.

Container No, 2 - The acetone washings are transferred to a tared beaker and
evaporated to dryness at amblent temperature and pressure, desiccated for
24 hours to a constant weight, and weighed to the nearest 0.1 mg.

Sample Preparation and Analysis, Metals

Container Nos. 1 and 2 - The fliter with its filter catch and the acstone residue
are divided into portions containing approximately 0.5 g each and placed into
the analyst's choice of either individual microwave pressure-relief vessels or
Parr® Bombs. Six mL of concentrated nitric acid and 4 mL of concentrated
hydrofiucric acid are added to each vessel. For microwave heating, the sample
vessels are microwaved for approximately 12 to 15 minutes (in intervals of 1 to
2 minutes) at 600 Watts. For conventional heating, the Parr Bombs are heated
at 140°C (285°F) for 6 hours. The samples are then cooled to room tempera-
ture and combined with the acid-digested probe rinse.

Container No. 3 - If necessary, the pH of this sample Is lowered to 2 with con-
centrated nitric acid. After pH adjustment, the sample is rinsed into a beaker
with water, and the beaker is covered with a ribbed watchglass. The sample
volume is reduced to approximately 20 mL by heating on a hot plate at a tem-
perature just below boiling. The sample is then digested as follows:

a) 30 mL of 50 percent nitric acid is added to the sample, and the
solution is heated for 30 minutes on a hot plate at a temperature
Just below boiling.

b) 10 mL of 3 percent hydrogen peroxide Is added, and the solution
Is heated for an additional 10 minutes.
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CONTAINER 1 CONTAINER 2 CONTAINER 3 CONTAINER 4
Fit , HNO3 Acid Impingers KMNOWVHSO: Imol
er Acetone Rinse and Rinse nOv! mpinger
Desiccate and Evaporate, desiccate,| |Acidify sample to pH 2 Digest with acid and
weight0 0.1 mg weigh to £ 0.1 mg with Conc. HNOa permanganate at 95°C
for 2 hours and
' analyze for Hg by
CVAA
Reduce volume to
near dryness and
digest with HNO3
and H202

Divide into 0.5 ¢
sections and digest
each section with
Conc. HF and HNQOa
using pressure relief
microwave digestion
procedure (or Parr
Bomb)

t

1

Fiter and dilute to
known volume

Remove 50 to 100 mi

aliquot for Hg
analysis by CVAA

Digest with acid and
permanganate at

95°C in a water bath
for 2 hours

!

Analyze by ICAP
for metals

!

Analyze by AAS
for metals

{

Analyzé aliquot for
Hg by CVAA

Figure PMM-3. Sample preparation and analysis scheme.
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c) 50 mL of hot water is added, and the solution is heated for an
additional 20 minutes.

After digestion, the remaining sample is combined with the contents of Con-
tainer 1. This combined solution of the acid-digested filter, probe, and probe
rinse and the impinger contents is filtered by using Whatman 541 filter paper.

The filtered solution Is then divided into three fractions. The first fraction is an-
alyzed by inductively coupled argon plasma emission spectroscopy (ICAP) in
accordance with EPA Method 200.7 (40 CFR 136, Appendix C) which is the
same as Method 6010 from SW 846.* The second fraction is analyzed by
graphite furnace atomic absorption spectroscopy (AAS). The third fraction is
then digested and analyzed for mercury by cold vapor atomic absorption
(CVAA) spectrascopy.

The following list shows the methods normally used for each metal. The listed
detection limits are shown in micrograms per sample; actual detection limits will
vary depending on blank levels, any dilutions made to account for high levels of
metals, or interferences. The detection limit for mercury includes the permanga-
nate fraction.

Normal procedure Cptional alternate procedure
Nominal detec- Nominal detec-
Metal  Method Mot  ilon limit, kg Method  No.*  flen.)imif. ug
Antimony 1CAP 6010 30 AA 7041 2
Arsenic Ad 7060 0.3 - - -
Barium 1CAP 6010 0.5 -
Beryllium ICAP 6010 0.7
Cadmium ICAP 6010 1
Chromium 1CAP 6010 3 - - -
Copper - - - 1CAP 6010 3
Lead AA 1421 0.4 ICAP 6010 60
Nickel - - - ICAP €010 10
Manganese - - - 1CAP 6010 l
Mercury AA 7470 0.2 - - .
Selenium - - - AA 1740 0.%
Silver AA 1761 0.1 - - -
Thallium ICAP 6010 120 AA 7841 0.7 -
Zinc . . - 1CAP 6010 4

Container No. 4 - A known aliquot of the sample is taken and diluted to approxi-
mately 120 mL with mercury-free water. Approximately 15 mL of 50 percent
potassium permanganate solution, 5 mL of 50 percent nitric acid, 5 mL of con-
centrated sulfuric acid, and 9 mL of 5§ percent potassium sulfate are added to
the sample. The sample is then heated for 2 hours at 95°C in a convection
oven or water bath. After cooling, 5 mL of hydroxylamine hydrochloride

* Test Methods for Evaluating Solid Waste: Physucal/Chemucal Methods, SW 848,
Third Edition, September 1988.
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solution is added and mixed with the sample. Then 7 mL of stannous chloride

is added and the sample is analyzed for mercury by CVAA spectroscopy.

Normal analytical quality assurance measures include dally full instrument cali-
bration (ICAP is a zero and standard; AAS is a zero and minimum three standards),
anelysis of a method blank, analysis of a laboratory control sample (LCS, a method
blank spiked with a known quantity of each metal), analysis of one sample by ICAP in
duplicate, performance of all AAS analyses in duplicate, and performance of a post-
digestion spike for each metal analyzed by AAS, For specific projects, a matrix spike
may be designated for mercury in the permanganate fraction.
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CALIBRATION PROCEDURES AND RESULTS
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CALIBRATION PROCEDURES AND RESULTS

All of the ecuipment used is calibrated in accordance with the procedures oui-

lined ir the Quality Assurance Handbook for Air Pollution Measurement Systems, Vol

yme IIl." The following pages describe these procedures and include the data sheets.

"EPA 600/4-77-027b.
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Nozzle Diameter

Each nozzle used in these tests is calibrated by making three separate mea-
surements and calculating the average. If a deviation of more than €.004 inch is found
between any two measurements, the nozzle is either discarded or reamed out and
remeasured. A micrometer is used for measuring. These calibration data are shown
in the following Nozzle Calibration data sheet(s).
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NOZZLE CALIBRATION

bate; 7944/%/ Calibrated by: 6§2%>4¢7::
Nozzle
idegﬁ;gé;ation Dy in, Dy in. D, in. AD, in. Davg
E e 7/ a5 0257 2,258 | . oo8 0.258
G lowo # P o265 | o5 | 22c8 @ e, 2¢8”
where:
01'2'3' = nozzle diameter measured on a different diameter, in.

Tolerance = measure within 0.001 in.

AD = maximum difference in any two measurements, in,
Tolerance = 0,004 in.

Davg = average of Dl' D2, and D3.

Figure E-1. Nozzle calibration data.
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Pitot Tube Calityration

Each pitot tube used in sampling is constructed by ITAQS and meets all
requirements of EPA Method 2, Section 4.1." Therefore, a baseline coefficient of 0.84
is assigned to each pitot tube. The following pages show the alignment requirements
of Method 2 and the Pitot Tube Inspection Data Sheet(s) for each pitot tube used
during the test program.

"40 CFR 60, Appendix A, July 1989.
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TRANSVERSE
TURE AXIS\\
o
FACE
= OPENING
' PLANES !
(a) ENDVIEW
A-SIDE PLANE
LONGITUDINAL | -— S NoTE:
TUBE AXIS 0D, A / 4P Yroso spgrs0n,
o [
b ¢ B Pg Py * Pp
0.48 cm g D, < 0.95 cm T
(3/16 1n.) ~  (3/8 in.) B-SIDE PLANE
(b)
& _ . N
AorB N/

(c)

Properly constructed Type S pitot tubes shown in: (a) end view, face opening
planes parpendicular to transverse axis; (b) top view, face opening planes parallel to
longitudinal axis; (c) side view, both legs of equal length and centerlines coincident
when viewed from both sides. Baseline coefficient values of 0.84 may be assigned to
pitot tubes constructed this way.
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TRANSVERSE | |
TUBE AXIS 9,3

LONGITUDINAL
TusE Axts B _ FLON-T - ( 8 FLONT >

=l X :.}.—_
-4— v, ,—’ - N
A ———————— ——-:‘/

Types of face-opening misalignment that can result from field use or improper
construction of Type § pitot tubes. These will not affect Cp as long as a, and a, are
<10*, B, and B, are <5°, zis <0.32 (1/8in.), and wis <0.08 cm (1/32 in.).
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I PITOT TUBE INSPECTION DATA SHEET
I Pitot Tube No. 5232-2'  Date y2-/2- %y Inspector S iluucimwa
" o a2 B4 B2
' degrees degrees degrees degrees
| / / [ 2
<10° <10° <5° <5°
' D, P 1,05 Dy 1,50 Dy
l inches inches inches inches
1 375 .02 394 SE3
. 0.185 < Py <0.380 . . .
Y ¢ Psin(Y) Psin(y)
l degrees degrees inches inches
| I / O 0172 00
<0.125 <0.03125
l P4 P2 |P¢ - P2 Meset
' inches inches inches specifications
06 , 506 OO e
l 1.05 Dy <P <1.50 Dy | 1.05 Dy <Pz <1.50 Dy <€0.010
l Lower line in each table is limits for mesting specifications.
I Checked by (Z/]M Date [éll][ﬁa
. E-8




Dry Gas Meter and Oritice Meter

The following page shows the Calibration Setup used for the initial and post-test
calibration. A wet-test meter with a 2-cubic-feet-per-minute capacity and * 1 percent
accuracy Is used. The pump is run for approximately 15 minutes at an orifice
manometer setting of 0.5 in.Hzo to heat up the pump and wet the interior surface of
the wet-test meter. The information In the following example Calibration Data Sheet is
gathered for the initial calibration; the ratio of accuracy of the wet-test meter to the dry-
test meter and the AH@ are then calculated.

Post-Test Meter Calibration Check

A posi-test meter calibration check is made on each meter box used during the
test to check its accuracy against the last callbration check. This post-tast calibration
must be within =& percent of the Initial calibration. The initial calibration is performed
as described in APTD-0576. The post-test calibration is performed by the same
method. Three calibration runs are made by using the average orifice setting obtained
during each test run and setting the vacuum at the maximum value obtained during
each test run, The post-test calibration check indicated that all three runs for each
meter box were within the = 5 percent range allowed by EPA Method 8.

The Particulate Sampling Meter Box Initial Callbration and Post-Test Calibration
data sheets are included in the following pages.

" 40 CFR 60, Appendix A, July 1980,
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METER 80X
GLASS TUBE
THERMOMETER
U-TUBE
MANOMETER
XXX
/\\mnﬂ"” \
UMBILICAL PRESSURE WET TEST METER
CONTRQL
VALVE

Calibration setup.

DATE

METER BOX NO.

BAROMETRIC PRESSURE, P

ORY GAS METERNO.

ORIFICE GASVOLUME | GASVOLUME | | ORYGABMETER
Memha | e Dans \NETER | i Toumer | aveoe | e
mAHHaO VW; vﬂ, Wl |y ¢ 21y | we
08 8
1.0 5
1.8 10
2.0 10
3.0 10
4.0 10
AVERAGE
Y
Vw Py (g +40) 00017 aH AI(,W,‘“,Q]
a | T | Ve o) e Pollg+ )
o6 | c.oses
1.0 0.0737
1.5 0.190
20 | 0147
39 ] o221
0 | o204

Y = Ratio ol accuracy of wet tadl mater 1o dry tesi meler. Tolerance = £ 9.01
AH® = Onfica of pressure ditierental that gives 0.75 ctm of air at 70* F and 20.92 inches of
mercury, inHg ). Tolersnce = £0.18.

Calibration data sheet..
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Stack Thermocouples

Each thermocouple is calibrated by comparing it with an ASTM-3F thermometer
at approximately 32°F, ambient temperature, 100°F, and 500°F. The thermocouple
read within 1.5 percent of the reference thermometer throughout the entire range when
expressed in degrees Rankine. The thermocouples may be checked at ambient
temperature at the test site to verify the calibration. Calibration data are included In
the following Thermocouple Calibration Data Sheet(s).
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. THERMOQCOUPLE CALIBRATION DATA SHEET
l Date: /2 /26790 Thermocouple No: _& Y&
. Calibrator: __/3 'S Reference: __ A4S -3/5
Range: 2’
Reference
. thermometer | Thermocouple
Reference temperature temperature Ditfarence
' point no. Source’ °F °F %"
l 1 2 7¢) 67 .52
2 1 35 3 o)
l 3 3 241 a3 D
4 4 99¥ A, )33
* Source: 1) lce bath
2) Ambient
3) Water bath
4) Oil bath
** Percent difference.
A MR« 100%

(Reference temp. °R)

where °R = °F + 460

Each percent difference must be less than or equal to 1.5%.

Checked by % Date Z#%Z?Z’Q
7
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Digital indicators for Thermocouple Readout

A digital indicator is calibrated by feeding a series of millivolt signals to the input
and comparing the indicator reading with the reading the signal should have gene-
rated. Error did not exceed 0.5 percent when the temperatures were expressed in
degrees Rankine. Calibration data are included in the following Thermocouple Digital
Indicator Callbration Data Sheet(s).
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THERMO(BUPLE DIGITAL IKDICATOR
CALIBRATICH DATA SHEET

iU : :2 :’az INLICATOR KO }-7:. 2

OPERATOR: ﬁ ﬁ/ﬁ SEPIAL KO:
CALIBRATICNK LEVICE KO: 4 = BANGEACTURER: Qﬂﬁﬂﬁ Z

EQUIVALENT DIGITAL [MDICATOR {
TEST POIKT]  MILLIVOLT | TEMFERATRE, | TEXFERATURE READING, | OUFFERENCE *
Hel S1G L Cej. F°’ deg. F 1

v
x 0622 0 ~ | -22

2 1,520 107 /00 o)
3 2008 200 200 o)
' 6.082 00 700 o
4

%

$ 8.31 480 3 9?

6 10.569 509 S oo

8 29. 915 1300 ¥AL .0k

¢ . 186 100

“¥w)

(599 | .05 - |
0| M 1920 /898 08 , .

Percent differenze sust be less than of vqual Lo 0,98

Peicart ditferecze:

(Equivilea! tespazature, deg. R = Digltal Ind cator tesperature, deg. RI(100V)

Cytivilent lu;nat-iu. 3. b

Where, deg. R+ dey. F o 480

' I 7 2.2 1000 /000 o)




Dry Gas Thermocouples and Impinger Thermocouples

The dry gas thermocouples are calibrated by comparing them with an ASTM-3F
thermometer at approximately 32*F, ambient temperature, and a higher temperature
between approximately 100* and 200°F. The thermocouples agreed within 5°F of the
reference thermometer. The impinger thermocouples are checked in a similar manner
at approximately 32°F and ambient temperature, and they agreed within 2*F. The
thermocouples may be checked at ambient temperature prior to the test series to
verify calibration, Calibration data are included in the following Dry Gas Thermometer
and Impinger Thermaocouple Calibration Data Sheet(s).
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[rava:

-

Do GAs THELHO 00T LE

CALTERATION DATA SHHEET

Theermocoupin

Cailinratord

/6 // 9o
L Kol

Reor

el

£T-3

heferonoe: 1457'”,3;

T htrmiwefer

PHLET

pefergnce

Heterence

point Source! thermomneter Thermocoupie
Mo, tenperature temperature Ditference
deg. F dey. F deg, F'!
i 1 65 65 %
: 33 34 !

s 200 280

QUTLET

fetarence
P

Feterence

Source! thermometer Thermocouple
temperature temlereture
ceg. dez. F

ifrerence
deg. F'!

l 65 65

o

/

- 33 39

200 200
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IMPINGER THERMOCOUPLE CAL_-IB!%fATION DATA SHEET

Date: /_,Zf/ﬂ/// 90 Thermo;ﬁouple No: 2o -/3
Calibrator: CArde Re'erance: 417 M ~ 35
Referencs
tharmometer | Thermocouple
Reference temperature temperature Difference
point no. Source’ °F °F oF**
‘ 1 75 7/ /
2 2 344 32 o

* Source: 1) Ambient
2) lce bath

** Ditference must be less than 2°F at both points,

Checked by 941 Date lﬂ-)l#,f%
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Trip Balance

The trip balance is calibrated by comparing it with Class-S standard weights,
and it agreed within 0.5 g. Calibration data are shown in the following Trip Balance
Calibration Data Sheet(s).
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TRIP BALANCE CALIBRATION DATA SHEET

Mass determined for

Balance .
No. Date Calibrator 5g | Error| 50¢g | Error (100 g| Error

(19 ‘7//4//40 B Graves 5.5 103 (503 (0.3 |wa|02

Y20 ¥yl | B3 Graves S0 |go |s00 |eo oo
Y2l /;2//y/~f/0 BT Gruyves gl o |50t [o |ji o
472 |3/ 37 c;m..ve’ﬁ sl ot (G0l (o1 e o
Yrg Veupte |BD Graves 5.0 |00 [so1 |0 |l |00

IZ/M/‘ZU BT Graves SO |00 500 |ps |teoole-o
Mettler /‘l//v'/f'« BT Grayes So oo |790 |00 |wolov

Error must not exceed 0.5 grams at each point.

Checked by % Date Z&/#@Q
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Barometer

The field barometer is calibrated to within 0.1 in.Hg of an NBS-traceable
mercury-in-glass barometer before the test series. It is checked against the reference
barometer after each test series to determine if it reads within 0.2 in.Hg. The barome-
ter read within the allowabls limits each time, Calibration data are included in the
following Barometer Calibration Log(s).
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|

i

]

|

I

|

)

l POST-TEST
i

i

i

]

|

]
1
i

i

BAROHETER CALTBRATTON 1.0G

e

T e | e g1 | e 50| et
_client | Dupt] b ] ,}'wm i (7 43!?”::1
P‘I_’:iject_ No. | 390037 330 I§ 20870 REY
e =

o |2 7.c7 | i Bk |ase [a9e 294
BAROHETEN .

READING 9, ;LL b \*]2\?.13 eRNFNPLNY 2.%&0.
DIFFERENCEY | v | e |02 ] e |epp X1
W\ g gl 3l i

CALTIRATOR | R KL MK MK

o — - e

BAROMETER

R P A 2%& ;ZZ o, |29 2/
REFERENCE

R 19,(0|275¢ 2_% 0| i ‘ A7, 20
el o | e |00 R N o0/
me N\ |l e || e e
CALIRRATOR | g 1€ TN U ol

MIC

*laromeler 1s adjusted so thal difference does nol exceed 0,05 in, Hy,

**Paromeler is nol adJjusted,

manager inwedialely,
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APPENDIX C-1

SUMMARY OF OBSERVATIONS
FBSS RUNS ON APRIL 4, 1991

Test Paint Characteristics

Manufacturer:  Pratt and Lambert, Wichita, KS
Product: No. 742-324

Type: Enamel - Alkyd - Gloss

Color: Yellow 13655

Spec: TT-E-489G Am-1 Type I Class A
Lot No.: G808010

Muanufactured: September 12, 1988
Density: 9.9 Ibs./gul.

aomposmon from ﬂ:c ﬂanufacturcrl: wt E/0 xnulysmm l

oncentration in
Component Total Concentration Non-volatiles Results, wt %
Volatiles é
Non-volatiles %2.4 00 36.2
Lead [8.34 20,4 10.27
Chromium 3.01 438 .03
Cadmium None None <2ppm
Zinc (from drier
116%)) 0.1 0.12
* Composition reported by the manufacturer from batch information. Telephone

report from Mr. Gene Saghi, Technical Director, (Phone: 316-733-1361).

. w Analyses performed by Martel Laboratory Services, Inc., Baltimore, MD. Results
are on a dry basis except non-volatiles.

Calculated density of the non-volatiles: 1.95 gm/em?3




“ . I.m,t:\ l!x:'l.‘l :,u. k]

Martel Lab Numbher: 10530

Log Identification: W-9303

Samples received by Martel,
Project Tdentification: Military Paint

International Technology Corporation June 13, 1991
1133 218t Street NW

Washington, DC 20036

Attention: Dr. Elbert Herrick

Client Identification: IT

Analytical pParameter Method Result Units

Log Identification: W-9303
NDate Received: 05/17/91

Sample ID: 1. Military Paint

Snlids (Total) EPA 160.3 56.2 %
Lead EPA 239.1 19.21 %
Chromium EPA 200.7 3.73 %
Cadmium EPA 200.7 <2 mg/kg
2ina EPA 200.7 0.12 %

All procedures used are in accordance with the following methods:
EPA-600/4-79-020, ''Methods for Chemical Analysis of Water and Wastes'.
SW-B846, '"Test Methods for Evaluating Solid Waste!", 1986,

Results report on a dry hasis except total solids. Replicate

analysis confirms the results,

v»?r*’?%?g Q. 2:&‘ Jidn
QC Approval LaboT? FYy Approval

6-13-91

Date Date




Page No. 1
06/13/91
Analytical Information
Dates, Times, Analysts
(dates may refer to date begun or date approved)
Log Test Date Time Analyst
Number Code Performed Performed Tnitials

** Sample ID: 1. Military Paint

9303 TS 06/05/91 10:00 NMN
9303 PB 06/05/91 16:00 BAB
9303 CR 06/05/91 16:00 BAR
9303 CD 06/05/91 16:00 BAB

9303 ZN 06/05/91 09:30 BAR




LRy ANALYTICAL

CERTIFICATE OF ANALYSIS
ITAQS Cincinnati Date: April 29, 1991
Attn: Mr. Chuck Bruffay
Job Number 212381 P.O. Numbar 816006-002

This is the Certificate of AnAlysis foz the following samples:
»

Client Project ID1 USATHAMA
Date Racelved! Apeil 9, 1991
Work Ordar: X1-04~-065
Number of Samples: 12

Sanple Type: Solid/Water

I, Introduction

Seven sclids and five watars arrived at ITAS Cineinnatl on April 9, 1991, The samplac
wers sent for analytical work Ln support of monitering work on tle USATHAMA Projwet.
The samplas are labeled as follows:

Solid # PBM-1 A=1 Ash water #2 Lead p'!-

Solld # FBNM-2 S§=1 Stael Shotblast Media water #3 Inlet (20

Solid # rBM-2) £1 virgin Bed Material Water #4 PHFs Quench Ouc
Solid # FraM~¢ Wwater #1 Quanch Qutlet water #5 PEPs Quench OQutlet

Il. Analytical Results/Nethodology

The analytlical results for thia report are pressnted by analytical test. Each sat of
data will include sample identification {nformation, the analytical results, and the
appropriate detection limits.

The sollds were analysed for the following metals on & TCLP basis.

Reviewed and Approved by:

7

Tis Soward . —
Project Nanager

104063

Amencan Cou ! of Indepencient Laborrores
lnwmatonal Amsacauon of Enviranmentcd Tearing Labormtonas
Amencan Asscriguor 'ar Labaratory Acvediamon




Client: USATHAMA
Work Ordar: X1-04-06§

10406501 IT ANALYTICAL SERVICES
CINCINNATI, OR

M

IT. Analytical Ragults/Methodelegy (cont,)

* Cadmium, Chromium, Lead and gin¢ by Inductively
Coupled Plasma Spactroscopy; XPA Method 6010

Tha TCLP leaching was done by EPA Mathed 1311,

The waters were analyzed for tha same metals ¢n a total basla., ICP was alse ubad,

III. Quality Control )
Immediately following the analytical daca for the samplec oan ha found the QA/QC
information that pertaing to Lhews camples. The purposa ot this information g vo
demonstrate that tha data enclosed is scientiflcally valid and dedensibie, Thiw
QA/QC data is used to assess the laboratory's parformance during the analysis

of the mamples it accompanies. All quantitations worc performed frem within Lhe
calibrated range of the analytical inevtrument.

Matrix spikes were performed for each 0f the TCLP analyaeés. The recoverles are
presented with the sample results,




Llienc: USATHAMA
Work Ovder: X1-04-06%

10406502 IT ANALYTICAL SERVICES
CINCINNATI, O

w

Analytical Results, mg/L

Client Sample ID Lab Ne. Cadmium Chromium Lead Zine
Solid # PEM=]1 01 0.2% 0.021 3.4 0,47
1] 94.2 106 99.5% 93.0
NSt 96.5 109 95,9 98,8
Solid # FEN=J 03 0.41 0.30 7.8 0.30
| €11 90.4 104 94,5 8R,7
Solid # FBM=4¢ 04 0.47 0,20 8.2 0.87
M8as 93.1 108 9.6 a8s.8
A-1 Ash 05 1.1 0.010 44 2.8
MSA 92.4 108 101 a9
S=1 Steel Shothblast Media 06 2.7 ND ND 18U
MSA 76.7 102 88.7 {1}
#1 Virgin Bed Material 07 0,006 G050 ND 0,17
MSh §80.8 103 92.7 84.2
Water #1 Quench Outlet ca 0.00? 0.045 0.21 0.18
Water #2 lLoad FBPg 09 0.003 0.0:i8 ND 0.158
Water #3 Inlet M20 10 ND ND ND 0.12
Watar # 4 TBPs 11 e 0.022 NOD 0,1
Quench Outlet
Watexr # 5 FBPs 1 0.003 0.02n ND 0.10
Quench Outlet
Detection Limit ~.02 gc.on a..

(1) Inappropriate spike lavel




work Qrder: X1-04=08%

10406504 IT ANALYTICAL SERVICES

CINCINNATI, OR

o T CRREEEREEEE.

Quality Assurance Data

Qualicy Control
Standard Refarence Solution

Thaoretical Percent
Analyte Value, mg/L Recovery
-y . - L L LT T T % ]
Cadmium 1 96.9, 96.3, 94.%, %4.4
Chgemium 1 97.9, 87.1, 98.0, 98.0
Lead 2 97.5%, 96,5, 99.6’ 9k .8
ZLHO 1 95010 93-6' 97!7' 9609




[Ryisiymy  ANALYTICAL
CORPORATION SERVICES

CERTIFICATE OF ANALYSIS

IT Corporation Date: May 17, 1991
1133 21et. Street NW, Suite 500
waghington, DC 20036

Attn: Mr. Duane Parker

Job Number 21341 P.O. Namber 805625

This is the Certificate of Analysis for the following samples:

Client Project ID: USATHAMA

Date Received: April 9, 1991
Work Order: X1=-05=027
Number of Samples: 5

Sample Type: Waste

I. Introduction

Five waste samples arrived at ITAS Cincinnati on April 9, 1991. The samples
were sent for analytical work in support of monitoring work on the USATHAMA
Project. The samples are labeled am follows:

FBM-~-1 FBM=-3
FBM=2 FBM=4
#1 Virgin Bed Material

II. Analytical Results/Methodology

The analytical results for this report are presented by analytical test. Each set of
data will include sample identification information, the analytical results, and the
appropriate detection limits.

The analyses requested are listed on the following page.

Reviewaed and Approved by:

> / L
/44+544{/L1 e
Timothy Soard

Project Manager

105027

Amuncan toutel of Independont Labotatones
Internationul Association of Envioniont gl Tosting Laboratones
Anenican Assocuation tor Lubotatory Accreditation

IT Analytical Services + 11499 Chester Road « Cincinncti, OH 45246 ¢ 513-782-4600




Client: USATHAMA
Work Order: X1-05-027
10502703 IT ANALYTICAL SERVICES

CINCINNATI, OH

Analytical Results, ug/g

Client sample ID  FBM=-1 FBM=2 FBM-3 FBM=-4 #1 Virgin

Bed Material
Lab No. 01 02 03 04 07

Detaction

Analyte Limit
Cadmium 5.4 6.4 9.2 11 0.28 0.2
Chromium 6.8 5.3 19 37 3.0 0.3
Lead 60 77 200 260 ND 6
Zinc 7.9 9.2 11 18 ND 0.5

ND = Not detected above the reported detection limit

Quality Assurance Data

Quality Control
Standard Reference Solutions

Theoretical Percent
Analyte Value Recovery
Cadmium 1 95.9
Chromium 1 99.1
Lead 2 99.8
Zinc 1 82.4




Client: USATHAMA
Work Order: X1-05-027
10502701 IT ANALYTICAL SERVICES

CINCINNATI, OH

II. Analytical Results/Methodology {(cont.)

* Cadmium, cChromium, Lead and 2Zinc by Inductively
Coupled Plasma Spectroscopy; EPA Method 6010

III. Quality Contreol

Immediately following the analytical data for the samples can be found the QA/QC
information that pertains to these samples. The purpose of this information is to
demonstrate that the data enclosed is scilentifically valid and defensible. This
QA/QC data is used to assess the laboratory's performance during the analysis

of the samples it accompanies. All quantitatlions were performed from within the
callbrated range of the analytical instrument.




[iqigyey  ANALYTICAL
CORPORATICN SERVICES

CERTIFICATE OF ANALYSIS

IT Corporation Date: May 17, 1991
1133 21st. Street NW, Suite 500
Washington, DC 20036

Attn: Mr. Duane Parker

Job Number 21421 P.O. Numbar JTS # 816006

This is the Certificate of Analysis for the following samples:

Client Project ID: USATHAMA Project
Date Recelved: May 8, 1991
Work Ordex: X1-05-056
Number of Samples: 3

Sample Type: Solid

I. Introduction

Three solid samples arrived at ITAS Cincinnati on May 8, 1991, The samples
were sent for analytical work in support of monitoring work on the USATHAMA
Project. The samples were labeled as follows:

Solid # sc-1 Solid # sc-2 Solid # sc-4

Il1. Analytical Results/Methodology

The analytical results for this report are presented by analytical test. Iach set of
data will include sample identification information, the analytical resulis, and the
appropriate detectinn limita.

The analyses requested are listed on the following page.

Reviewed and Approved by:

e

, e ‘T)\')'U-'A/
Tim Soward 115
Project Manager
105056

Amorican Councel el Independent Laboratonieg
[nternntional &ssociation of Boaronmental Tosting Lobontones
Amencan Assocration ot Labotatory Aceteditation

IT Analrtical Services - 11499 Chester Road * Cincinnati, OH 48246 + 813-782-4600




Client: IT USATHAMA
Work Order: X1-05-056
10505601 IT ANALYTICAL SERVICES

CINCINNATI, OH

II. Analytical Results/Methodology (cont.)

* Cadmium, Chromium, Lead and Zinc by Inductively
Coupled Plasma Spectroscopy; EPA Method 6010

* Total sample weight before analyais

III, Quality Control

Immediately following the analytical data for the samples can be found the QA/QC
information that pertains to these samples. The purpose of this information is to
demonstrate that the data enclosed is scilentifically valid and defensible. This
QA/QC data is used to assess the lahoratory's parformance during the analysis

of the samples it accompanlies. All quantitations were performed from within the
calibrated range of the analytical lnstzument.




Client: IT USATHAMA
Work Ordert X1-05-056
10505602

IT ANALYTICAL SERVICES
CINCINNATI, OH

Analytical Results

Client Sample ID Solid # Solid #
sc~-1 SC=2

Lab No. 01 02

Analyte Unitse

Cadmium ug/g 600 630

Chromium ug/g 15,000 21,000

Lead ug/g 86,000 120,000

Zine ug/g 790 1,000

Total

Sample Weight g 11 0.93

Quality Control
Standard Reference Solution

Theoretical
Analyte Value
Cadmium 1
Chromium 1
Lead 2
Zine 1

Solid #
sC-4
03

900
30,000
170,000
2,000

0.26

Detection
Limit
0.2
0.3
6
0.5

Percaent

Recovery
101
104
98.3
96.4




Table 2-2
Summary of Flue Gas Conditions
at the Afternburner Outlet
April 4, 1991

Volumetric I'low Composition
Rate %
Time Temperature| Moisture
Run No, (24'h) acfmé@ dscfmb ‘F % 02 C02
AOPM-T 24- 360 | 271 270 19.1 19.0 1.0
-2 | 1300-1609 | 425 | 253 | 261 03 [ 190 [ 10
“AOPM-3 [ 1833-1735 | 426 | 230 271 19.4 19.0 1.0

Qufem = Actual cubic feet per minute

bdscfm = Dry standard cubic feet per minute. Standard conditons are 68°F, 29.92 in Hg,
and zero percent moisture,
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W“ MECTONE (1560 it =
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CONSULTING: ULTRAMICROANALYSIS ¢ MICROSCOPY ¢ SMALL PARTICLE PROBLEMS * SOLID-STATE CHEMISTRY /

7 June 1991

Dr. Duane Parker
Senior Chemist

IT Corporation

11499 Chester Road
Cincinnati, OH 45246

Dear Dr. Parker:

This report summarizes the results of our electron microprobe analysis of the two
samples we received in May. This work will be billed under your purchase order number
41683.

The first sample arrived on 8 May 1991. It was a small quantity of deposits in a glass
bottle. The second sample arrived two weeks later and was labelled "Test Panel
Fluidized Bed Paint, Stripping Oven Letterkenny Army Depot, Cadmium Plating Effects".

SAMPLES

The samples were examined both visually and with a stereomicroscope. The first sample
had a lot of metallic and a few non-metallic particles of various sizes. Figure 1 is a
photomicrograph of all the particles. As you can see, most of them are yellow metallic
fragments (scrapings). We selected a few metallic particles for analysis and also placed a
sample of the bulk of the particles on a beryllium substrate for electron microprobe
analysis,

The second sample was a corroded metal plate which had areas of dark brown and gray
discoloration. We scraped a small quantity of the deposits trom both area and mounted
them on the substrate for analysis.

ANALYSIS

Electron microprobe analysis of the particles from the first sample identitied the metallic
particles as cadmium metallic. Cadmium oxide was present only as a thin yellow stain on
the surface. Besides cadmium particles there were a number of stainless steel and
occasional iron oxide particles. A number of iron oxide and some of the cadmium
particles were corroded heavily with chlorine. The chlorine level in the particles was
variable, ranging from pure metallic particles to low chlorine compounds to pure iron
chloride particles. Chlorine seemed to be associated mostly with iron and chromium.
Table 1 summarizes the results of our analysis of the samples of small particles.




.

Dr. Duane Parker
Page Two

The scrapings from the second sample, the corroded panel, were also analyzed. The
scrapings were again identified as a corrosion products of iron, chromium and cadmium.
Very tew metallic particles were identified in this sample. The scrapings consists of
cadmium oxide, cadmium chloride, iron oxide and iron chloride particles. Again, the
analysis of the scraping from the second sample (Test Panel) are shown in Table II. X-
ray micrographs of the small particles from Sample 1 are shown in Figures 2 through 6.
From the pictures you can see that chlorine is associated mostly with the iron while the
cadmium is mostly metallic.

The results were given to you by telephone immediately following our analysis. Thank
you for consulting McCrone Associates, Inc, If you have any questions concerning this
analysis, please do not hesitate to contact me.

Sincerely,

/;('

hn Gavnlovu., Ph.D.
Senior Research Associate

JG:tbe
Enclosure
Ref: MA20915; P.O. #41683




TABLE 1
Samples for Analysis
IT Corporation, MA20915

DESCRIPTION

Lead PN 3769-7 Glass jar with small particles, mix of |
Sample No. SC-3 metallic particles, rust and nonmetallic
Scrapings from one Cd plate

Steel panle #4, Test Run #3, on 4/4/91,
scraped on 4/25/91

Test Panel, Fluidized Bed Paint, Stripping | Heavily corroded metal panel in a plastic
Oven Letterkenney Army Depot, bag. Red and gray corrosion deposits.
Cadmium Plating Effect




TABLE II
Electron Microprobe Analysis of Two Samples
IT Corporation, MA20915

e

s " - .
Al B S I G N S B & D D B aF BE I aE o =

*
ELEMENTS % BY WEIGHT
SAMPLE Cd Pb Te Cr Cl S Al Si C+0
Yellow scrapings 62.8 | --- 7.7 1.2 10.3 1.7 (73 1.1 | bal
Sumple No., SC-3
Single metal particle 99.0 | --- bal
T"§ﬁ‘ mple No, SC-3
Letterkenney A.D. 9.0 6.9 1.0 3.5 4.7 375 | - bal
Surfuce Deposits
Letterkenney A.D. 4.1 | - 48.1 0.2 12.0 1.5 | bal
Dark Deposits
T— -

-

4




FIGURE 1
Photomicrograph of small particles scraped from one cadmium
plated steel panel #4. Magnification 23X,

FIGURE 2.
Scanning electron micrograph of the small
particles shown in Figure 1. Magnification 500X.

mMecrone associates, inc.




FIGURE 3.
Cadmium distribution micrograph of the particle shown in Figure 2.

FIGURE 4
Iron distribution micrograph for the particle shown in Figure 2.

mMecrone associates, inc.




FIGURE &,
Chlorine distribution micrograph for the particle shown in Figure 2,

FIGURE 6.
Oxygen distribution micrograph for the particle shown in Figure 2.

mecrone associates, inc.




A
L]

R TR
nny Corroded Panel Ca

Letterke

.

. . ' o +
8801 28KV X580 1@@rm WD3I9 .
FIGURE 7

Scanning electron micrograph of the surface
of the corroded test panel. Magnification 50X.
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mMecrone associatss, Inc.
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SEMI -QURNMTITATIVE ANALYSIE1 LETTERKENNY-JGs SURFACE DEPQSITS
EL MORM, k~RATIO

o=l ¥,804012 += &,0074¢
PE=M B,041239 +- 2,00481
Al-K 3,21@72 +- 8.088%7y
FE=K B, 00478 += @.,00238
OR=K B.0245%9 +- 3,0040%
CL-K 8.,02%" +- 9,00310
O =K 2,00000 +- @,00000

ZRF CORRECTION 28,09 KV 3%.00 Degs

l Mo, of ITteraticons @
—~——— K [21 (] (F1 (2AF) ATOM.M WT.X

' Ch=L 9.040 1,203 1,979 0.¥9% l.2F8, 1.¥7 8.%8
FB=M @.,042 1,341 {1,872 1.,90@ 1{.438 Q.82 8,72
Al=-K B.211 1.004 1.%44 2.7P97 |.544 34,23 37.%53
FE=K @.,027 {.8%94 {1,037 a.?P8 1.13! 9,439 a.%1
CR=-K @Q.,927 1,ep2 1,059 Q.77 1.133 1.47 2,93
CL-K @.932 1.812 1,389 2.¥?% 1.378 3,32 4,72
O =K 2,043 2,935 4,308 |.000 5,397 57.98 37.41 D »

l # = High Abscorbance

STOICH RESULTS
oD a.,78

FRO 744
AL203 Po.,.88
FEQ 1.17
CRO2 4,30

cL 4.72

L1 ]

2@

mecrone associates, inc.




SEMI -QUANTITATIVE ANALYSIS: IT/JG/ YELLOW SCRAPINGS
EL NORM. K=RATIO

CD-L 2.58846 +~ 8.00377
FE-K 0.0780% +- 2.00133
CR=K 9.01134 +~ 09.00044
CL-K 0.10384 +- 9,000%6
§ K 2.0144% +- 0.,00037
AL=-K 09.04401 +- 0.00067
SI-K @.,00814 +- 0.00024
0 -K 0,00000 +- 2.000080

2AF CORRECTION 20.00 KV 55.00 Degs

No. of lterations 4
- K (2l (Al [Fl] [Z2AF] ATOM.%X WT.%
CO~L ©0.,%8% 1.084 1,043 0.999 1.129 30.00 62.79
FE~K @.,078 Q.973 1{.080 11,000 |{,0951 7.40 7.74
CR-K @,01] @0.974 1.138 0.992 1.i161 1.21 t.18
CL-K @.,104 0.%915 1.197 08.943 |.,055 15,81 10.34
s K 0,016 0.887 1.280 0.972 1{.103 2.87 1.72
Al-K 08,044 0.P12 1.862 0,999 1.48% 14.54 7.34 =»
SI-K 0,008 9.88f1 1.4448 0.991 1,437 2.11 1.11 #»
0 -K @.00% 0.847 (8.581 1.000 13,734 24.04 2.?79 D »
# = High Absorbance

STOICH RESULTS

CDO é2.79

FE 7.74

CR 1.18

CL 10.34

S 1.72
AL203 13.84
g102 2.37
SSQ1

mecrone associates, inc.




SEMI -QUANTITATIVE ANALYSIS: IT/JG/ SAMPLE Ne, SC-~3.-SINGLE PARTICLE
EL NORM. K=RATIO

CO-L 0.9999% +- 0.05148
CL-K-0.00000 +- 0.00000

¢AF CORRECTION 20.00 KV 55.00 Degs

No. of Iterations ©

———— K (2] (Al (F1 [ZAF)] ATOM.”X WT.%4

CO-L 1.000 {.000 1.000 1(.000 1.000 1090.00 100.00
CL-K @.000 0.848 1.199 0.937 0.9%50 0.00 .00 G
# - High Absorbance

§SW: SET Ss@
gsas

mecrone associates, Inc.




McCRONE ASSOCIATES WED 4S-MRAY-S41 12137
Cursort @.00@kev = @ ROI (@) 2.000: 2. 020
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McCRONE RSSOCIRTES WED 15-MAY-91
Cursort! @.000Kev * @ ROI (BG) 4.760: 4,959

12148

..............................

EE

\B -

-
__._..:zﬂﬂlﬂmm }thmﬂzm‘rw
VFS = 1024 10.240

peic) 1T/JG/ SAMPLE No. SC-3. -SINGLE PARTICLE
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MeCRONE ASSOCIATES WED 1%5-MAY-91 13:54
Cursort ©.002KeV = @ ROI  (BG) 4.7601 4,550
c
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1
vt 1 h\ K
2L ?M' Y LYy erropmier bk Bomp 1
2. 200 VFS = 2048 10.240
IT/JG/ ARER OF X-RAY PICTURES (=)

mecrone associates, inc.




l APPENDIX C-2
’ l LIST OF ACRONYMS AND
l ABBREVIATIONS
| l A Temperature Indicated by Afterburner Thermocouple
CFM Cubic Feet Per Minute
: CFR Code of Federal Regulations
‘ l CS Caustic Soda Process
DESCOM U.S. Army Depot Support Command
l DP Duane Parker (IT)
DR Dennis Reed (LEAD)
l EBT Exhaust Blower
: EPA Environmental Protection Agency
' l 'F Degrees Fahrenheit
FBC Fluid Bed Cooler/Quench Fluidizer Bed
: FBM Fluidizer Bed Media
l FBPS Fluidized Bed Paint Removal Process,
' Fluidized Bed Paint Stripper System
l FCT Afterburner Fire Chamber
fi2 Square Feet
- fi3 Cubic Feet
! I Gal. Gallons
gm Grams
' £ph Gallons per Hour
' gpm Gallons per Minute
' l HEPA High Efficicnecy Particulate Absorber
' ITAQS IT Air Quality Services
l ITAS IT Analytical Services
ITEP IT Environmental Programs, Inc.
IWTP Industrial Water Treatment Plant
I M John Murphy (IT)
kW Kilowatt
l Ibs. Pounds
I LEAD Letterkenny Army Depot




MCL
mg/hr
mg/L
mg/M3
MP
MSB
NaOH
ND
OSHA
PM
ppm
PSI
PSIG
R

RJ
RCRA
RRAD
S
SCFH
SCFM
TCE
THC
TCLP
ug/gm
ug/M3
USATHAMA
vOC
Wt. %

Maximum Contaminant Levels

Milligrams per Hour

Miligrams per Liter

Miligrams per Cubic Meter

Michael Paul (Procedyne)

Molten Salt Bath

Caustic Soda

Non-detectable

Occupational Safety and Health Act

Paul Mraz (IT)

Parts per Mill! 1

Pounds per Square Inch

Pounds per Square Inch Gauge

Rockwell Hardness

Ronald Jackson (USATHAMA)

Resource Conservation and Recovery Act
Red River Army Depot

Temperature Measured in the Exhaust Stack at Sample Point
Standard Cubic Feet per Hour

Standard Cubic Feet per Minute
Trichloroethane

Total Hydrocarbons

Toxicity Characteristic Leaching Procedure
Micrograms per Gram

Micrograms per Cubic Meter

U.S. Army Toxic and Hazardous Materials Agency
Volatile Organic Constituent/Compound
Weight Percent




