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the workplace because most of tham incorporate toxic chlorinated solvents or caustic soda.
These substances also produce sludges that are classified as hazardous waste.
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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 Puint Removal Process is not a suitable replacement for chlorinated solvent
]s.)u-ipping 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 Earts 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
art for the Caustic Soda Process., This disgarity is due to the fact that the Fluidized Bed Paint
emoval 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 handling
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 as 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,
cadmium), the Fluidized Bed Puint 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 formu'ated 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 mechanism 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 duriag 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 removin% Faints, coatings, and Elatin s containing toxic metals, the Fluidized Bed
ggién gremoval Process will generate more solid hazardous waste requiring disposal than the Caustic
a 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.

Conclusion 3 .

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

ismplcmcntcd for all workers employed in any building housing the Fluidized Bed Paint Removal
ystem,
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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 gencrate.
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 fluid bed paint removal proces: (FBEFS3), a!
Letterkenny Army Depot (LEAD).

Degreasing an! 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 chlorinated solvents

or caustic soda. These substances also produce sludges that are classified as hazardous
waste.

U.S. Arme' Depot Sup%ort 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 potentiall
useful in achieving this objective. Two units were installed at Army Depots: A 24-inc
?li!amete)r unit at LEAD and a larger 48-inch diameter unit at the Red River Army Depot

Since this paint stripping process is a pyrolysis procedure that uses no toxic agents, it
was perceived as havin good potential for reducing hazardous waste, Both of the test
programs required that LEAD and RRAD personnel determine the type and quantities of
arts 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
650°F required by the FBPS, as this condition caused the metal to lose its desired temper
(SEpessar , 1990), Combined preliminary data from both studies concluded that for
LEAD purposes, the fluidized bed paint stripper could only replace the caustic stripping
of paints from non-aluminum alloys but not the solvent stripping of aluminutn parts.
This conclusion was reached because it was deemed impractical to in-orporate a heat
treatrmment 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 com{mrison 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 5paalint 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 turbulent 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 require further cleaning before they can be repainted. A
sllaotﬂast cabinet has been installed at L.etterkenny, 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 b Proced‘yne orporation, New
Brunswick, New Jersey. Procedyne's specification (Dufty, 1989) and manuals
(Procedyne 1979, 19904, 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) Oft-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, af&roximatel 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 system 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
u'ag'ierses 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

ases into the cabinet, and causes them to be expelled through the furnace duct that is
ocated on the side at the top of the retort (Figurc 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
throuiﬂh 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 a 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 minute (CFM) blower provides air to the burner while a S-horsepower,
350 CFM blower exhausts the gases from the unit. The 21-inch diameter fire chamber is
nearly nine feet long, and ihe attached cooling tower extends 4.7 feet above the chamber
(Figure 4). A thermocouple above the outlet of the fire chamber (FCT) and one before
the exhaust blower (EBT) measures the temperatures in the unit. Wb+ : operatin
propetly, the afterburner reaches 1400-1600'F with an exhaust temperatur. :low 150°
(Frocedyne, 1990c). The gases from the afterburner are cooled in a wa..r 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 grrecautions to be taken if upsets occur in the afterburner system (Procedyne,
1990c). The %rgmary 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
generaies flammable gases that cause the excessive heat generation, Excessive
iemperatures 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 ryrolysis 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 deeF. 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-diffusion 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 pori in the cabinet and uses an air nozzle to blow particles from the treated parts.

2-6




N

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 prccess 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 airborne contaminants to meet EPA compliance.

gt

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

P Gieel L

2.1.2 Operabllity Tests and Results

VRIS
-

To operate the FBPS on a continuous basis, the optimum operating parameters and
l:roducﬁon 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 determining 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 identified. To
obtain these data, the FBPS was operated on three occasions as described in Table 2.

January Qperability Tests

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

Ei )

A basket of assorted parts was introduced into the FBPS at a temperature of
approimately 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.

w
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‘ . Table 1
FBPS Operation Parnmete‘rs

Afterburner Unit

Low-Energy Shot
Blast Unit

0.25 - 1.0 hours
0.75 - 1.0 hours

0.25 -0.5 hours

Ambient

1400 - 1600°F

Ambient

parts/cycle )

500 1bs. of
parts/cycle

15 1bs. of paint
organics/hr,

500 Ibs. of

parts/cycle
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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
arts were lowered into the fluidized bed, and much of the smoke escaped from the
BPS cabinet. Adjustments were made on the afterburner exhaust system, as the

afterburner tempemturel:‘_;arproached 2000°F. Although the fluidizer air was reduced to

apgroximately- 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 approximatelg two hours, the pyrolysis was complete
and the basket was transferred to the quench bath,

| Substaﬁtially all of the paint and rubber coatings had been removed from the parts, but
“the plmnﬁ'on certain parts had formed small beads on the surface. Apparently the metal
t

in the plating had melted at the bath temperature, and the surface tension had caused the

liquid to form globules, The ?' e of plat nf was not identified, but, as shown in Table 3,

::dnﬂ;arm and zinc could possibly have melted at these bed temperatures and replated on
e surface, -

After the' completion of this test run the equipment was checked. Uron 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 afterbumer temperature remained in the range of 1500'F to 1700°F,
and very little smoke escaped from the cabinet. The exhaust from the building stack was
almost colorless.

Aprl Querability Test

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 Tests®

e cinc A i
- : -* »- -

m EEEE!F: mF E‘F!: Vapor mﬁe ssure
l S I g/cm , | gqp e HE
o Aluminum 2.70 1227|4475 (<100 :
l Alumina, aipha 3.970 | 3650 | 3398 | <10-20 :
“Cadmium metal .04 610 1300 | 1.36 L fy)
L “Chromium metal . 8 | 3842 | <10-8 :
. | Tead metal 33 (6 [318%  [18%X107 |2X 100
- ~Steel, carbon T8 2780 . <10-13 :
“dic metal 1.14 187 |1665 | 0.07 0.07
“Test paint components: _ =
'FJLE:T'"Lc mate 6.12 | 1351 | 4842
mmﬁ 2.2 aec. .

AWeast, 1980,
bBulk density of 150 mesh alumina: 1.67 g/em3 (Wellborn, 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 apé)earcd in

éhe e?(hagst from the building. At the end of the test, the parts appeared to be adequately
epainted.

The three runs to stug the mass balance also achieved acceptable equilibrium conditions
while successfully stripping the paint from the panels, The afterburner remained below
1440°F, the exhaust temferature 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 728 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 FRPS 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

igments. In addition, some painted parts have been plated with cadmium or chromium.,

n 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 environment 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, metal 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 (Appendix B, Table 1), Although present military specifications prohibit the use
(1’5 gesad compounds in paint, it met military specifications when it was manufactured in

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 platinithicknesses were reported to be
0.25, 0.5, and 1.0 mils on particular panels. These thicknesses and densitr (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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Table 4
Paint Removal Results

un INo. emperature gnt removal,

T
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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 guantities 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
ecasily 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 heatcd water to the industrial water treatment plant
(IWTP) and partially as steam up the stack. The water used to cool the fluldized cooling
bed is discharged directly to the IWTP, If significant quantities of heavy metals, such as
lead, chromium, cadmium 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 a 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 diludon. 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
Alr guality 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 oating of
paint was applied by a LEAD operator usinf a Depot spray booth and spraying
equipment. ‘The 220 panels were partially dried in the shop drying oven. After the paint
had dried for three days, the masking tape was removed and each batch, with hooks, was
weighed again. Paint loadings variec 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, apgroximately 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
ganels were introduced. Once the start-up run was completed, a sample of the fluidized
:kd 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 1panels were used.- The cadmium panels were

not coated with paint. Each basket of panels was heated in the fluidized bed for one hour;

gae op&rlxati‘?‘g conditions are summarized in Table 5, and the complete data are listed in
ppen \

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
{onization 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 Iaboratori‘, 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.

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 fluldizer bed media (FBM) were
taken by dipping a sumple 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 collacted 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

etort temp. | Fluidizing Iterburner temp. tei' ﬁmer erburner
‘F Air CFM ‘F exhaust® temp ‘F | volume CFM
TR TI08 00 | IR AT 50
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aTemperatures, as follows: ‘
‘ A: Temperature indicated by the afterburner thermocouple .
S '}‘%xxpegature measured in the exhaust stack at sample point, determined by
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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 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 samplée 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. The 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 suinmarized 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 hvapor 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. R?ister. 1991b) would not strictly apply to the FBPS at LEAD, these
regulatory standards grovide a relevant guideline. The State of Pennsylvania would
regulate these stack eftluents 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

un iNo. ‘ Composition8 _
H20 % 32% CO2 % TH

Eary

CO, ppm
) 151 7. ) B
2 19.3. ) T.0__
3 19.4 19.0 1.0
AlrS 2 21.0 0.04 b3

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

b THC: total hydrocarbons, as methane by flame ionization detector, ga.rts per million by
volume (dry basis). ND: none detected; detection limit was 13.8 ppm. That is
equivalent to 0,009 1bs/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 INO. culates (-} 38.
U
m. cadmium chromium lead zZine

| !aé‘%?_‘ T 10.8 | 20.5 48.6 00.6

z 1T.1 3.6 204 | 3L0 122
N 109 D.2 255 109 106
Regulatory 180,000

std &

‘;;91?;11 "Burning of Hazardous Waste in Boilers and Industrial Furnaces" (Fed. Register,
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Table 8
FBPS Stack Mass Emissions,
Weight per Hour

. . e - S
. s i . -
N i

un No étal, | m
cadmium - chromium lead zine
T _ ~3.0 N ) i.y)
2 2.0 8.5 py) 34
) 39 3.6 20 34
“Regulatory Z60 40 4300 not regulated
stdd,

?9!’5'?8 "Burning of Hazardous Waste in Boiiers and Industrial Furnaces” (Fed. Register,

» .
- D
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Table 9 .
Analyses of Quench Water
un No. etal, m
cadmium chromium lead zing
Inlet water | ND ND ND 0.12
T 0,007 0,045 0.21 0.18
3 - 0.003 —0.018 ND 0.13
R Nb — D022 | ND 0.1
JK):) 0.003 0.20 “ND_ 0.10
“Detecton Imit | 0.002 0,006 0.2 0.008
'MCLR —0.010 0.0 0.08 none 1sted

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

s 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
determinie if the spent FBM would be categorized as a characteristic RCRA hazardous
waste, 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 ot alumina spilled during operations,
and material collected from the cyclone pot would all be classified as hazardous. The
requligemeTts 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 ?uench 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 represerited 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 obtained, From the TCLP result and both types of analyses on the FBM
estimates of total merals 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 fir. particles that will be mixed in with the FBM.

The panels from runs no. 2 and 3 were covered with granular solids that mostlr adhered
to the panels. A few of these granules fell from the panels and these were collected on
plastic sheeting in which the panels were wrapped for weighing and storafe. 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 from 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

ain of the panels (Appendix A) and it was a reddish material, it is assumed that most of
this solid is rust (iron oxide).
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Table 10
TCLP Analyses of Solids

olid Media etal, m

o : cadmium chromjum . lead zine
“Uhused’ 1 0 0.030 “ND R'BYE
Inital FBM®. 0.25 0.021 X 0.4]
After run no. | 0.23_ 0.052 3.2 0.43
g ger Tun N0, 3 0.41 0,30 TS 0.30

m 0.47 0.20 8.2 0.67

cycloned
'sﬁ-'sr'—- ot-blast | 2.7 D “ND T80
medis® | - _

RCRA stds@ 1.0 LR 30 not regulated

8FBM 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

) a " Metal,
U
- admium chromium lead zne
"Unused FBM . 30 ND D
Initlal FBM® 34 68 80 1.9
er run no. | 5.4 3.3 Ll 0.2
er run no. 0.2 19 kY| 3.0
m 1T cy 260 18
cycloneb

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,
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Table 12
Metals in the Special Ash
Sample from the FBPS

~Cadmium
um

~Chromit
Tead

T
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Table 13
Analysls of Panel Scrapings

W C!BHt Ol

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
Panel Batch X
Run No. 3 Aluminum| 0.93 0.063 2.1 12,0 0.1
Panel Batch § '

Run No, 3 Steel 11 0.06 1.5 8.6 0.079
Panel Batch D
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The lead, chromium and zinc were found as expected since the paint contained each of
these metals, However, cadmium was also found in this residue. The cadmium
apparently resulted from the parts that were depainted during the operability tests or from
the cadmium plated J)ancls. These resuits 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 microscoyi:y
analysis (Gravrilovie, 1991, Afpendix 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 stoted 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 fluorescence 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 ihese surface
deposits probably results from small amounts of the alumina in the fluidizer media that
ered to the surface, The small concentration of silicon that was found in the scrapings
g_robably represents qlass that was abraded from the microscope slide used as the scraper,
he chlorine found in these particles was unexpected. Possibly, the chlorine resulted
grogi %ither pickligg of u.2 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
assumning 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 ot 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 system.
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Table 14
Electron Microprobe Analysis of Materials
from Cadmium Plating

SAMPLE Cd Pb Fe Cr Cl S Al Si

C+0

Yellow scrapéxgss 8 |08 | ~ . 2 1103 [ 1.7 |73 111

Sample No.
Sligle metal 99.9 | - p po o - p o

val

articled

bal

ample No., SC-3 _ .
Letterkenny A.D. 50 | 6.9 . , 7. W AN P g S

bm‘

Surface. Deposits
Letterkenny A.D, aT | - [T [ 02 [120 | — |- I3
Dark Deposits

bal

&  Sample No. SC-3
Scrapings 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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“to'cool 8 basket of parts while a second

- up of char in both fluidized beds will:requ | with ater
once everytwo years. Pangborn (Minnich, 1991) reports that their shot-blast unit gan'be -

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 treatrment cycles may be completed ifi 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 p'yrcl{si_s time, time in.tke shot-blast, and by arranging

asket is being pyrolized. . .
C NI LT Y P : PIREC N R o) N R e
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 munufacturer (Mraz,
1990b), the FBM. s lost from the-unit by carry over to the cyclone and by.drag-out on the
parts and basket at a rate of ap roximatelz;z gallons ger week, ‘Furthermore, the build-
¢ thut the FBM be replaced with fresh material

expected: to consume 7.2 potinds of stéel.shot pér hour of operation in the blast mode.

" "'This abrasive will become finely divided during the (r'fdc‘ess '‘with approximately. 40
, llected in‘the "fines container the remainde being.wapped as ~ -
- dust by the prefilter and'the high efficiéncy parﬁoul.atg-(HEPA),.om%e. Since some of
" the heavy metals from the paint char will contaminate both of these fi
‘classed as RCRA hazardous solid waste. The usages dnd related costs of both these.

percent of it being collected inthe "fines container" an
1ters, they will be
midtetials ire shown in Tablés 15 and 16, for scenatios 1 and 2 respectively. Because

“both filters are hazdrdous wastés, a'significant cost of disposal, at'approximately. $0.45.

per pound, will be incurred, Therefore, solid waste disposal can be expected to comprise -
six (o 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 result 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,

Elsctricity, 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 aperate for
onlx 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 heater; it amounts to
approximately half of the total electricity required.

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

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 from the Afterburner.
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Table 1§
Fluidized Bed Paint Stripper
Cost Analysis, Start-Up Scenario

ASSUMPTIONS
Day 16 Hours
Year 300 days

Critical Path 2.2% hra.; 7 Cycles per day
Capacity (20) pans per Gycle; 140 pans per day
Process {A) Model PCS:2448 Cleaning Furnace with Off-Gas Dilution System 750 F (1.5 hrs./Cycle)
{(8) Model PCS.2448 Cooling Bed (0.8 hrs./Cycle)
(C) Model AB-30-2 Oil-Gas Handling System'
{0} Low Energy Blast System (0.8 hra./Cycle)
* This unit runs continuoubly to maintain operating tempurature.

Operator {A,B,C,0) Ore Dedicated Operttor For FBPS

RAW MATERIAL

Alumina (A} Alumina Replacement Every 24 months 0
|8)  Aluminum Oxide Changeout Every 24-Monthe 16,00 0,38 [bs.
(AB)  Aluminum Oxide Makeup (20+ gal.week) 18,00 3,43 bs,
Steel shot (B) . Steel Shot Make-up 3.8 2.2 bbs,

w 3'ph, 60 Mz (780 F)

27,00 kW
(C) S HP, 240/440 V, 3 ph, 60 H (Exhaustet) 16,00 30w $0.08 $200  $004.08
{C) 3 HP, 240/44 V, 3 ph, 60 M2 (Burner Blower) 16,00 224 kW %0.08 $1.79 88
(0} %4 HP, 480 V, 3 ph, 80 Kz (Rater) ax 0.56 kW $0.08 $0.10 $20.38
(0} 1 HP, 460V, 3 ph, 8 Hz (Elevater) 380 0.78 kW $0,08 $0.13 $30.18
(0) 3 HP, 480V, 3 ph, 60 Mz (Exhauster) 18,00 IRHL $0.08 $080  s20848
{0)  tBHP, 480V, 3 ph, 80 Mz (Reto) a0 11,10 kW $0.08 $1.08  $567.28
(0)  18HP, 480V, 3 ph, 80 M2 (Roto) 3% 11,10 kW $0.08 $108 84728
(0)  1/2HP, 480 V,3ph 80 Ha % 0.37 kW $0.08 $0.07 $10.87
Alr (A) 20 soim at amblent: § sctm at 880 F (negligible coat) 160,00 $.00 sctm $0.00 $0.00 $0.00
Water (A)  3gph at 30 pal supply 16.00 3,00 gul. )
(8) 27 gpm at 30 pai aupply 3% 1,600 gal
(C)  3gpmat30 psisupply 16,00 160.00 gai
Propane (C) 580,000 Btu/hr Startup 14,28 232,00 123
(C) __£0,000 Btwhr Smokecycle 1,78 24.00 143

)

.00 gal
(B) 27 gbm at 30 pol supply 1,820.00 gal
Alumina (A B)  Petiodic disposal’ 3,13 Ibe.
(A)  Disposal Every 24 montha 16.00 0.13 lbs.
(8)  Disposal Every 24 Menths 16,00 0.37 bs.
Steel shot {0] __Stesl Shot Disposal** 380 7.20 lbs,
COST PERPARTRBTMATIONS' -
Total Estimated Operating Costs Maximum $580.08 $170,117.81
Totsl Parts Processed 140 42000
Cost par Pant Processed $4.08 $4.08

‘Comprises floor sweepings, ates ciean-ups, etc,
“Equal to the make-up quantlty: collected from bath the fines (40%) and Mitered dust (80%).
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Table 16
Fluidized Bed Paint Stripper
Cost Analysis, Optimized Scenario

Day 16 Hours

Year 300 days

Critical Path 1.5 hes., 10 Cycles par day

Capaoity {20) parts per Cycle: 200 pans per day

Process . (A) Model PCS-2448 Cleaning Fumace with Off-Gas Dilution System 850 F (1.0 hre./Cycle)
(8) Model PCS-2448 Cooling Bed (0.25 hrs./Cycle)

(G, Model AB-30:2 Oif-Gas Handiing System *

(0} Low Energy Blast System (0.28 hrs./Cycle)

* This urtit runs continyously to maintain operating temperature.

.. - Process Deacript g -
Operalor 1A.B)  One Dedicated Operator for FBPS

Alumina (A)  Alumina, Rep

"y 20 el

{B)  Alumina, Replacement Every 24 months 16,00 0.37 Ibs, $1.20 $719  $2.187.00

(AB) Aluminum Oxide Makeup (20 - gal/week) 18,00 3.43 lbs, $1.20 $85.88 $10,756.80

Steel shot (D) Stesl Shot Make-up 16,00 700 $0.28 $8.640.00

27 KW at 440 V, 3 ph, 60 H2 18.00 21,00 kW $0.05 $21.80 ' $8,480,00

5§ HP, 240/440 V, 3 ph, 60 Hz (Exhauster) 18,00 373w $0.08 $208 804,88

3 MP, 240/440 ¥, 3 ph, 60 Hz {Burner Blower) 16,00 224 W $.08 $1.79  $536.481

Y4 HP, 480V, 3ph, 80 H2 250 0.56 kW $0.08 $0,07 $20.87

1 HP, 480V, 3 ph, 80 M2 2% 0.78 kW $0.08 $0.00 $27.98

3HP, 460V, 3ph, 60 Hz 16,00 112 kW $0.08 $080  Sass.48

15 HP, 460 V, 3 ph, 60 Hz 250 11,19 kW $0.06 $1.40 ° 94

15 WP, 480 V, 3 ph, 80 Hz 250 1110 kW $0.08 $1.40 $419.4

1/2HP, 460 V, 3 ph, 80 Hz 250 0.37 kW $0.08 $0.08 $13.68

Alr (A) 20 sctm atambient: 8 sofm ai 850F (negligible cost) 16.00 8,00 scim $0.00 $0.00 $0.00
! Water (A) 3 gphat 30 psi supply 16,00 3,00 gal. 0.00046 $0.02 $8.82
(8) 27 gpm &t 30 pal supply 1,28 1,620.00 gal. 0.00048 $003  $270.48

(C) 3 gpm at 30 pal supply 1000 180,00 qal 0.00048 $0.83  $240.40

Propane (C) 580,000 Btwhr Startup 13,50 232,00 ft*3 $0.03 $0398 $20,100.00

(C) 60,000 Btuwhr Smokecycie 2.50 24,00 #*3 . $540.00

WARTH DEPOBAL / TREATMENT -

lem-:- - Pragess Desctiglian : ':

Water (A) 3 gpmat 30 pal supply (50% Steam) 90,00 gai. ) 255.50
(B) 27 gomat 30 psi supply 128 1,620.00 gal 0,00488 $0.42 528248

Aluminum Oxide (A, B) Periodic disposal’® 16,00 3,13 I, $0.45 $22.54 $8,780.80
(A) Disposal Every 24 months 16,00 0,13 Ibs. $0.48 $007  $91.15
(B) Disposal Every 24 Months 18,00 0.37 lbs. $0.45 270 380842

Stes!_shat (D) _Steel Shot Disposal®t 250 7.2 b, g.u $8.10 _$2430.00

Tatal Estimated Operating Cosis Maximum $560.79 $168,237.09
Tolal Parts Processed 200 60006
Cost per Part Procensed 2.0 2.0

*Comprisas floor sweepings, area clean-ups, etc.
**Equal %0 the make-up quantity; collected fram both the fines (40%) and the flitered dust (60%),
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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 rernaining
water (0.05 gpm) is used as a "snuffer" for the fluidized furnace bed to eliminate an
explosive g}imosphere. 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 reduced use of propane and electricity.

It is assumed the spent aluminum oxide from the fluidized beds dnd the steel shot from
the low-enegﬁly blast cabinet will be disposed as a hazardous waste at the rate of $0.45
Fer pound. The water generated from the fluidized cooling bed is disposed to the IWTP.
t was assumed that approximately 50% of the afterburner quench stream is discharged to
the air as steam and the reminder I.S-Epm 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 varor 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, Trichloroethane
(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 thmu&l)\ 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 parts 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 ((WTP). 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 Fitting. The caustic
solution tank may grocess (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 l_glallon 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 Eaint stripping grocesses 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
sugsigtions. 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 re%ort 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
omponent ycle emperature
Vapor Degreasing | 0.5 hours 158 - 165°F 100 parts / cycle
Caustic Tank 1.5 - 2,0 hours 200°F 100 parts / cycle
Rinse Tank 0.5 hour | Ambient 100 parts / cycle
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Table 18
Caustic Stripping Tank
Cost Analysis
ASRUMPTIONS . -
Day 18 houn
Yout 300 daps
Critical Path 2.0 bre,;  Cycies per day
Capacty (100) parts par treatmant; 800 parts par day
Process (A) Vagor Degreasar (0.8 hre./Cysla)

(8) Guustia Sitioping Tank at 200 F (1.5 hre.Cyeie)
(C) Rinss Tark (0.5 hre.Cytle)

nA

By T
Trichiorosnane  (A) \lnpor Oog \ 058 g 348,00

Caustie (B) Cauatic Finke !or Tank Regeneration Every 8 Months 18,00 3,13 s $0.06 !3.00 $900.00

Caustie (B) __Muke-up Caustie Flake (Ibs. per day) 1800 8,00 lbs. . 80 .

Exhaus! (
Refrigeration Unit

A‘ ! 5.10 kW )
B} 7.5HP Blower 16,00 8,50 kW $0.08
Water (A} Chiller Water Protraatment 1600 250,00 qal. 0.00048
Alr (8) Al Supplied for Agitation (Negligible cost) 16,00 0.00 sim $0.00
Steam (A} Steam Requirements (120 pel) 400 150000 Bl 0.00000832
(B) _ Steam Requirements {120 psi) 16,00 08w 000000832
) w T

Trichotoetans (A Spant Savent Disposal ‘ 0.2 al. 0 RIE saTs

Water/ Sludge  (B)  Caustie Tank Disposal Every 6 manths 16,00 0.8 gai, $8.80 sa 03 $14,408.12
Water (C) __Rinsa Tank Overfiow Dispossl 16.00 280,00 gal,
COWT PER FANT KETHIAT
Tolal Estimated Operaiing Costs 420108 9753184
Tolal Parte Processed 00 240,000
Cost per Barl Processed $0.31 $0.91
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For this cost per part calculation, it is assumed that the critical path time for the C$
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 utility 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 vapor degreasing unit, the initial step of the CS
process, requires one full-time operator, However, the vapor degreasing unit supports
three additional paint su'lpfing 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 estimate 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 personnel 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 process, 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 pH. 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 (pH>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 constant 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 per 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?%asrison looks solely at and 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 oFerating
conditions determined from the o?erability test of Section 2.1.2, .:onducteg 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 per part processed. The total annual cost changed slightly to $168,238, but the
total number of parts processed increased 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

rocessed. The annual cost of operation of the CS was determined in Section 2.2.3 to be
575.315.51 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 shapes 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 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 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 present 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 t ghtlJ'. 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 sn;isping. air to the cooling bed
during strippin_g). 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 cycloneg.

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 April, 1991, Therefore, FBPS workers and any other
workers employed in the building housing the FBPS must be provided with the
necessary respirators, eqsuipment. and health monitoring as required under the OSHA
requirements of 29 CFR Section 1910.1025 for workers exposed to lead.

Although it mi%ht 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 operation prohibitive, This will
remain a problem, however, only as long as there is lead-containing paint to be stripped
from parts. Depot personnel projcct this period to be approximately five years,

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 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, eic.) instantaneous overloading of the system and cxglosions are possible, If
the afterburner 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 grecautions 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,

33 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 though 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 streams as
"ll"lazardous." However, heavy metals were found to concentrate in the FBM after only
three runs,

Approximately 18,000 pounds per year of FBM, containing toxic quantities of cadmium,
chromium, and lead, will be disposed of as a result of FBP3S operutions, 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 Reducticn
Moiten Salt Bath Cleaning System

Process Description

The molten salt bath cleaning nrocess completely removes paints, powder coatings,
organics, polymers and residuc trom metal parts, At bath temperatures within the range
of 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 moiten 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
susrcnded 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 organics were completely removed from the aluminum panels. The surface
flx‘axﬁnels; of these panels was measured before and after, These results are shown in
able 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
climinates 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 compare the operability, economic
perfonnance and environmental impact of the FBPS with existing paint removal systems
and to derive conclusions regarding the appropriateness of replacing existing paint
vernoval systems with the FBPS,

The following conclusions were derived from 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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Basis: This study, in conjunction with a similar study conducted at RRAD, found thai
aluminum and aluminum alloy parts when exposed to the 700 - 800°F temperatures of the
FBPS for the 1-2 hours residence time required to pyrolize paint lost essentially all of
their hardness or tcmPcr. 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'ptreliminary ,evali;étion of the Molten Salt Bath as & paint removal alternative confirmed
"~ this conclusion regarding effect of temperature on aluminum hardness and gave some

indication as to how temperature sensitive aluminum garts 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.

B.Afia: 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

- consurnptive than the CS, Even the optimized scenario for the FBPS would result in a

cost of $2.80 per part processed,

The FBPS requires 72% more labor due to greater handling requiremients 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.

Conclusion 3:

In the course of removing paints, coatings, or glatlngs 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 in fluid bed material which exceeds the regulatory limits of
40 CFR 261,24 for the- ..etals, 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 balance 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 will 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. 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 CS requiring disposal.

)

Conclusion s

FBPS workers and any workers in the building containing the FBPS will
%eF:iUb{egcltotgo(z)s,SHA requirements for employees exposed to lead under 29

Basis: As stated in the bases for Conclusions 3 and 4, when the FBPS removes paints,
coatincfs 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 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 quuntity 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-
hott:ir period and possibly as high as the permissible exposure limit of S0 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
}1193 18.81025 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 fluidized bed works, a discussion of the test objectives, and
specific test procedures and misthodologies. The U.S. Army Toxic and Hazardous
Material Agency (USATHAMA), through its contractor, International Technology,
Environmental Programs (ITEP) will test and evaiuate a Procedyne Corporation FBPS at
the LEAD. The FBPS Is a production unit used to remove paint, cils, and greases from
metal parts by immersing the parts in a fluidized 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 timas in the bed of approximately one-two
hours. There is insufficient oxygen in the bed to support complete combustion.
Therefors, organic matter on the parts and in the coetings (paints and primers) are
pyrolyzed in the FBPS to hydrocarbons, carbon, and carben monoxide. An In-line
gas-fired incinerator burns the carbon monoxide and hydrocerbon 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 costed 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 hycroxide, NaOH) bath is used to remove old paint from steel
parts. In this process, the pieces must first be degreased in a trichloroethane bath and
dried bafore caustic treatment. Soivent-based paint stripping systems that use methylene
chioride or other chiorinated solvents have been used, but this process is not installed
at LEAD. The solvents 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 release the pigments and other components as dissolved materials and fine
particles. The process is limited to chemically stable meaterials such as steel and stainless
steel; the caustic will corrode aluminum, zirc, and magnesium. The particles separate
as a siudge which must be classified under fedaral laws as a hazardous waste. The
siudge 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 siudge and depleted caustic
solution.

Chiorinated paint stripping solvents are toxic and volatile. Methylene chioride, the
most commonly used solvent, is especially volatile (boiling point 40 °C or 104 °F), The
chemical paint stripping process and the soivent process both generate siudge. The
siudge 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 stripper compounds (mostly chiorinated solvents) 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 faclitate
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, metallurgy,
physical dimensions etc.). A companion program at Red River Army Depot will address
the effact of high temperatures and rapid cooling on metal properties. Preliminary studies
have shown that aluminum alloys are aciversely affected by the tsmperatures reached in
the unit (see J. E. Spessard, Memorandum To: Projest File, March 28, 1880). Therefore,
this project at LEAD will concentrate on determining the FBPS's usefulress as a
cost-affective, hazardous waste minimization process. This test plan defines hew this will
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 will be maintained in a lcose-leat 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 2s needed hasis to the
plan holders. The plan holders will be responsible for replacing the revised pages and
removing and discarding replaced pages. Each page will be identfied by revision
gumberi section, page number, and revision date. A revision history Is included in the

reamble.
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SECTION Il. OBJECTIVES OF THE TEST PLAN
The objectives of these tests at LEAD are:

o To determine the economics of operating the FBPS for various
parts/coating systems.

° To determine the impact on the environment of operating the FEPS.
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 pian 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
accumuiate in the process and must be properly disposed.

The impact of operating the FBPS on the environment must be ovaluated as a
comparison to other methods of paint stripping and to determine If any unacceptable
environmental hazards are craated. The FBPS may generate hazardous air emissions
from unburned organics 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 will have to be discarded. The presence of heavy metals
probably will cause the discarded material to be classified as a hazardous wasts. Each
of these effluents will be sampled and tested to determine the extent of the hazard.

.

A.  Compurative Economics of Oparating the FEPS

An economic 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 wil be gathered. Treatment times for the FBPS will be obtained from
Procedyne operating manuals and operability tests (see Section Il), 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
systsm 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 stripping systems of interest, such as molten sait 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 Qperating the FRPS

The FBPS is equipped with an smissions 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 tsmperatures, 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 compouncs 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 temperstures, 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 quanch scrubber. The scrubber is 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 also used in costings 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 expelled into the air may be of regulstory concern, Accidental
releases to adjacent areas may be hazardous to workers employed at LEAD.
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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 FEBM by the TCLP test prescribed
by the US Environmental Protection Agency the spent FBM will have to be stored, treated,
and/or dispused of as hazardous waste. The TCLP test is the Toxicity Characteristic

‘Leaching Procdeurs (see Federal Register 55: 11798-11877, March 29, 1980) that

measures the concentration that results upon extracting a waste with an acidic aqueous
solution,

To cbtain the data for determination of the impact of operating the FBPS on the
environment, paint stripping tests will be made as describd in Section lil. Spacially
prepared test panels 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 used to insure that measureable concentrations of toxic materials
will rt‘:o 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 wil
determine how many of the particular parts can be charged to the FBPS and limit the
charge to that amount. The project manager and staff will work with the FBPS operator
to develop specific written instructions for controlling the amount of cadmium and  zinc
charged in the FBPS.
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SECTION Ill. OPERATIONAL TESTS

Operating tests of the FBPS were made on January 17th and February 14th, 1891,
The project tearh from ITEP, Mr. Ron Jackson of USATHAMA, and Dennis Reed of LEAD
participated in these tests. The orignal test plan (#0, August 1980) along with the
operating manuals provided by the Procedyne Corporation were used as a guide. The
"Operating Instruction" sections of Procedyne’s Manuals are attached as Appendix A to
this Test Plan,

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.

liquid lines are tight, 3) plant air and water are avallablg, 4) that the gas
outlet ducts are not clogged and that the cyclone and fines pot is empty.

¢ Turn on the power at the main control board.

d. Close the cabinet doors on the unit and adjust the fluldizing air ( the FBM
should appear to “boll" in a roling manner),

e Turn on the furnace power.

. Allow the fuildizer bed to reach the proWlM temperature (controlled by
the instrument set-point) - reduce the air flow, incrementally, to prevent
toss-out of the FEM 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 temperatures of 1400-1800 °F.
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Start the exhaust blower and quench water before igniting tho flame.

If the burner is accidentally extingushed (an unlikely ocurrence, usually
causod by no propane fuel)

, because an over-preasure or explosion may result.
Contlnuu operation of tho furnace, fluidizer air, and exhaust blower, ( This
will exhaust smoke and possibly flammable gases up the stack. ) A rapid
restart of the flame rmay be possible under certain operating conditions
« 880 the Procedyne manual for instructions.

The after-burner is designed for continuous operation at 1400-1800 °F. If
the after-burner temperature approaches 2000 °F, the after-burner limit
circuit will automatically turn the FBPS fluidizing air oﬂ To safely continue
the cperation: DO NOT TURN AFTERBURNER OFF, DO NOT LIFT COVER,

DILUTION SYSTEM. AND DO NOT SHUT DOWN THE BLOWER. The AB
should siowly decrease in temperature, but the system will still conduct
smoke from ths system and out of the building. The fluidizer air may be
safely restarted after the AB temperature |s below 1600 °F. (This condition
indicates that too much paint or other organics, such as rubber coatings,
was charged to the unit. Parts charged must be better controlled in
subsequent batches.)

Cleaning cycle

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

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

e 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.

d. When the pyrolysis s 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 fluidiced quench bed.

6.  When the parts are cooled to 150 °F or lower, remove the basket from the




quench bed, open the cabinet, blow excess FBM from the parts, and
transfer the basket out of the cabinet,

4. Shotbiast 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-fic w to the after-burner must
be carefully controlied by adjusting the dampers to prevent smoke release into the
bullding. Also the outiet system must be checked before operating because the media
s easlly carried over into the cycione and fines pot. In the first February test, this system
was full from the earlier operation; the FBM blocked the gas effluent duct, and large
amounts of smoke were expelied into the bullding. 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 effiuent tests will be made by operating the FBPS as described
in the Procedyne manuals with the modifications described above in Section lil. Spacially
prepared and painted steel and aluminum test panels will be used to provide painted
surfaces. Separate cadmium plated and zinc phosphated steel pieces will be included
to provide a source of those metals. Yellow enamel, formerly meeting military

- gpecifications, 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 Teat Panel Preparation

1) Painted panels. The steel and aluminum test paneis 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 approximataly 0.025 in, thick, and the corners were rounded,
with & radius of 1.25 In. A small hole was cut near the narrow end of each panel,
The panels were iabelled 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, 1881 the labels were covered with a smali piece of masking tape and
a thick coating of paint was applied by an LEAD operater with the uge of the Depot
spray booth and spraying equipment. The 220 panels 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 each batch, with hooks, was welghed again (ses
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, squared 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.

B.  Test Procedura
The sampling and FBSS cycle are described in the ITAQS test plan; the FBSS wil

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 smaeke handling
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 efflusnt tests.

For each of the two or three effluent tests, four to six batches of painted test
panels, saveral cadmium plated panels, 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. Alter completion of the process, each
batch of panelis 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 panels 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 raquirements for
LEAD, the building, and the bullding area. All other safety raquirernents are included by
general reference, For example, safely cperating the FEPS does not require hearing
protection. Howaever, 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 liting heavy metal parts.

The safety plan cites and emphasizes some, but not all, operaton 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 tha 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 Il. POTENTIAL HAZARDS

The hot fluidized bad operates at 800 to 1,000 °F. Metal parts processed in the bed
are heated to bed operating temperature. The af.erburner cperates bstween 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 sufficlent oxygen to convert all of the carbon to carbon dioxide. Therefore,
carbon monoxide will be present in the gases escaping from the top of the hot fluidized
bed. The afterburner will normally convert the carbon monoxide to the dioxide. Since
carbon monoxde is a colorless, odoriess highly poisonous gas, all leaks should be
repaired before starting the unit, and the cabinet doors should be closed tightly. Other
poisonous gases, such ag nitrogen oxides and formaidehyde, may aiso be formed by the
pyrolysis of certan paints. ‘

~ The FBPS |s 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 systam with organic matter can produce high temperature excursions that could
damage the efterburner and could also produce potentially dangerous emissions of
incompletely burned organic matter, To prevent damage to the afterburner the
lnstruu;nentatlon 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 overiocading of the system and explosions are possible.
It the afterburner is accidently extingushed during pyrolysis, an unlikely incident,
flammable, and potentially expiosive gases may accumulate in the system.

The hot fluidized bed uses high voltage (480 V) circults 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 alectroplated with cadmium and zinc,
which are toxic (especially cadmium) may be stripped. The latter metais 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.

F i
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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 litting
and carrying heavy objects must be foilowed.
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SECTION Ill. SAFETY EQUIPMENT

The operator of the FBPS is required to use and wear the following 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 employees, uniess 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 V. 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 smployees are in the work
area. This equipment shall 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.

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

¢ In the event that any part of the FBPS is operating outside design
specifications, the FBPS systern 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 expuision of toxic materials into the work srea, and to prevent explosions
that may injure personnel. If 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 iead to smoke release. The pyrolysis time and temperature may
need readjustment to prevent overioading the afterburner or better control of quantities
or conditions of parts stripped may be required. Too much grease 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
if any breathing problems persist,

o Parts having closed or sealed areas, cavities, and other components shali
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 result 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 responsibllity that the system is shut
down and is at ambient temperature, and is cleared of pyrolysis gases.

) 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.

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

) All gir 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 remaved
by maintenance personnel when maintenance work is complete and before starting up
any portion of the FBPS.
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Data sheet
Test Samples for FBSS

Date Painted: 22 March 1981

Date Stripped: 4 April 1891
Metal: Steel, 10 4 by 8 in. panels

Sample 1D No, Welights, grams
Initlal Coated Paint, net Lead, wt.* Chromium, wt.*
A 1437.9 1468.1 30.2 58 1.1
B 1417.3 1445.9 28.8 55 1.1
o] 1437.3 1472.2 34.9 8.7 1.4
D 1421.5 1480.5 59.0 11.3 2.2
E 14124 1477.7 65.3 128 2.4
F 1415.9 1474.6 58.7 11.8 2.2
G 1425.5 1453.1 27.8 5.8 1.0
H 1430.7 1486.2 55.5 10.7 e
| 1430.0 1487.3 57.3 11.0 2.1
J 1448.9 1500.0 5341 10.2 2.0
K 1441.4 1485.8 44.2 8.5 1.8

*Calculated from the analysis of the paint




Test Plan LEAD (PN 3769-7)
REVISION No 2
Section No, D-
Page 2 of 10
Data sheet
Test Samples for FBSS

Date Painted: 22 March 19891

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

Sample 1D No. Welghts, grams
Initial Coated Paint, net Lead, wt."* Chromium, wt.*
L 416.2 450.8 34.8 6.8 1.3
M 417.8 4489 31.8 6.1 1.2
N 417.7 4481 30.4 5.8 1.1
o 416.4 4453 28.9 5.8 1.1
P 415.8 4454 29.6 5.7 1.1
R 416.9 484.7 47.8 9.2 1.8
S 416.5 468.3 51.8 9.9 < 1.9
T 416.3 468.6 50.3 9.7 1.9
U 416.7 447.7 31.0 6.0 1.2
v 418.2 467.6 52.4 101 2.0
X 4149 4817 46.8 9.0 1.7

*Calculated from the analysis of the paint.
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Data sheet
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 1D No. Waeights, grams

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

P/AI 29.8 415.8 ND 416.0 +0.2

R/Al 47.8 416.9 ND 416.4 -0.5

V/Al 52.4 415.2 ND 415.0 -0.2

G/steel 27.6 14255 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 weight of paint on all 10 panels

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

/Metal Paint, net* Initlal** from Tare # Net, from QGain(+)/Loss(-)
FBSS# FBSSH#

F/steel 58.7 1415.9 1424 .4 55 1418.9 +3.0

H/steel 55.5 1430.7 1433.8 10.2 1423.8 -7.1

I/steel 57.3 1480.0 1436.1 5.1 1481.0 +1.0

L/Al 34.6 416.2 424.9 8.8 418.1 -0.1

N/AI 30.4 417.7 428, 8.9 418.2 +0.5

X/Al 46.8 414.9 421.7 6.2 4155 +0.8

Notes:

*Net weight of paint on all 10 panels

** Uncoated welght,
#These panels were wrapped in PE sheet before weighing,
the tare Is the weight of the plastio,
##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. steel panels, cadmium plated

Weight, 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 0.25 362.38 362.25 0.11
2 7 0.50 357.38 357.32 0.08
2 10 0.50 355,68 365.41 0.27
Tntal loss of cadmium (ignores gains) 1.08
3 3 0.50 3680.04 360.05 +0.01
3 4 1.00 358.21 357.90 -0.31
3 8 1.00 349.30 349,25 -0.08
3 9 0.25 362.87 362.89 +0.02
3 11 1.00 364.33 363.75 -0.58
3 12 0.25 351.29 351.59 +0.30
Total loss of cadmium (ignores gains) -0.84
Note:

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

On April 4, 1991, personnel 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 wete 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 chro-
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 material balance purposes. Attached Appendices A
through E contain all calculations, field data sheets, laboratory data, methods proce-
dures, and calibration data.

Summary of Rusuits and Test Methods Used

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 : Moist tion, %
a b Tempera- oisture,

Run No.  Time (24-h) acfm®™ dscfm™ ¢y, oF % 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
AOPM-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

% parts Rer mi11ion by volume (dry basis) as methane. Less than (<) denotes
less than instrument detection 1imit 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-
sions From Stationary Source Combustion Processes."* The sampling train was a
Method § train with two Impingers containing a 5 percent nitric acld (HNO,)/10 per-
cent hydrogen peroxide (H,0,) solution. The train uses a quartz fiber filter and a bo-
rosilicate glass sampling nozzle to minimize potential blank contamination. Samples
were analyzed first for filterable particulate by U.S. EPA Method 5** 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 lonization analyzer was used tc 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 located 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.
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Sample data were recorded continuously for each test using a strip-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 scéffolding to access both ports, particulate measure-
ments were made using only one of two available sampling ports. A total of four sam-
pling points wers used to traverse the cross-sectional area of the 5.76-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 fleld 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 Pollution Measurement Systems, Volume Ill," EPA 600/4-72-027B,

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.

o 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-
ance 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:

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

° 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.
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Nomenclature and Dimensions

A, = Cross-sectional area of nozzle, t2

Ag = Cross-sectional area of atack, ft2

Byyg = Proportion by volume of water vapor in the gas stream, dimensionless

:
i
)

Cp, = Pitot tube coefficient, dimensionless

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

%C = Percent of carbon by weight, dry basis
%CO = Percent of carbon monoxide by volume, dry basis
%C0g = Percent of carbon dioxide by volume, dry basis

Dy = Sampling nozzle diameter, inches

Dy = Stack diameter, inches

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

million Btu of heat input, dacf/108 Btu
GCV = Gross calorific value of the fuel combusted on a dry basis, Btulb
%H = Percent of hydrogen by weight, dry basis

AH = Average pressure drop across the sampling meter flow orifice - inches of water,
in. Hg0

HHV = Higher heating value on an as-received basis, Btullb
%ISO = Percent of isokinetic sampling
La = Maxmum 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
Mg = Dry molecular weight, Ib/lb-mole
m¢ = fuel firing rate (measured coal to boiler), Ib of coal per hour
My = Total amount of pollutant matter collected - milligrams, mg
Mg = Molecular weight of viack gas (wet basis), 1b/lb-mole

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




Nomenclature and Dimensions

%Ng = Percent of nitrogen by volume, dry basis

%0 = Percent of oxygen by weight, dry basis
%09 = Percent of oxygen by volume, dry basis
AP = Valocity head of stack gas - inches of water, in.HgO

g

Ppay = Barometric preasure - inches of mercury, in Hg
Pgiat = (also Pgy) Static stack gas pressure - inches of water, in HgO
Pg = Absolute stack gas pressure - inches of mercury, in.Hg
Pgid = Gas pressure at standard conditions - 29.92 inches of mercury, in.Hg
por = Pollutant matter emission rate - pounds per hour, Ivh
Qg = Total heat input - million Btu per hour, 106 Btwh

Qg = Volumetric flow rate - wet basis at stack conditions - actual cubic feet per
minute, acfm

Qutd = Volumetric flow rate - dry basis at standard conditions - dry standard cubic feet
per minute, dsefm '

R = degrees Ranking = degrees Fahrenheit + 460, °F + 460
%S = Percent of sulfur by weight, dry basis

Tm = Average temperature of dry gas meter, °R
Tg = Average temperature of stack gas, °R
Tgd = Temperature at standard conditions, 528 °R

Vie = Total volume of liquid collected in impingers and silica gel, ml
Vm = Volume of dry gas sampled at meter conditions - cubic feet, 13
Vinstd = Volum‘o of dry gas sampled at standard conditions - cubic feet, 3
Vg = Average stack gas velocity at stack conditions - feet per second, ft/s
Vwstd = Volume of water vapor at standard conditions - cubic feet, ft3

Y a Dry gas meter calibration correction factor

6 = 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.

3.

Pbar + AH ]

Vmstd = 17,647 x Vmx Y[——-—-I-LQ-
Tm

Volume of water vapor at standard conditions, ft3,

Vwstd = 0,.04707 x Vle

Moisture content in stack gas.

Vwstd
Vwstd + Vmstd

Dry molecular weight of stack gas.
Md=0. 44(%00 z) +0. 32(%0 z) + 0. 28(%N, +% CO)

Bws=

Molecular weight of stack gas.

Mg = Md(1 - Bws) + 18Bws
Stack velocity at stack conditions, ft/s.

Vs= (85.49)(Cp)(avgV/BF) [t

Stack gas volumetric flow rate at stack conditions, ¢fm, Note: As = square feet.
Qs=60xVsx As

Dry stack gas volumetric flow rate at standard conditions, cfin.

Qetd = (17. 647)(Qs)( ](1—Bws)

Concentration in micrograms per cubic meter, ug/m3

Ca= (35, 315)( td)

(continued)




10. Pollutant mass emission rate, Ib/h.
pmr= Cs x (6243 x 1071!) x Qstd x 60
11, Isokinetic variation, %

(1oo)(Ts)[( 0.0002669 V1c) + (F2 Y)(Pbar + (ﬁ%))]
"~ (60)(@)(Vs)(Ps)(An) i

ISO =

A-5




CORRECTION FACTORS

17.647 =(%)

3
004707 = (%ﬂ)
0.44 = molecular weight of CO2/100

| 0.32 = molecular weight of 02/100
' 0.28 = molecular weight of N¢/100

18 = molecular weight of water (H20)

1

. 7
' 85.49 = (1b/1b — mole)(in.Hg)
(° R)(in.H,0)
0.01643 = grains per milligram (gr/mg)
f _ (in.Hg)(R*)
| 0002669 = md(° B

AS
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IT AIR QUALITY SERVICES validated 3891
EMISSION TEST REPORT
FIELD DATA
Plant: Letterkenny, AD Date: 4491
Sampling location: Afterburner Outlet Run number: AOPM:1
Test time (start.stop): 1384-1494
Sample type: Part/Metals Volume correction (cu, f.); 0,000
Bar, press, (in, Hg): 30.08 Metur calibration factor: 0,984
Static press. (in. H20): 0.690 Data interval (min.): 7.5
Filter number(s): 9170001 Nozzle dia. (in.); 0988
Stack inside dia, (in.): 8,78 Moter bnx number: FT-3
Pitot tubs coefl.: 0.09 Number of traverse points: 8
Total H20 collected (ml): 163.7 % CO2 by volume (dry): 1.0
% 02 by voluma (dry): 19.0 % CO by volume (dry): 0.0
ﬁnplo 'Gas meter Velocity Orifics drop
time reading head actual Stack Dry gas meter
(w (ou. £, AP AH T.mp- “lnp. *F)
0.0 594.366 I (in. H20) {in, H20) (°F) inlet outlet
7.8 £97.110 0,100 0.31 269 " 78
18.0 601.740 0,380 1.09 266 m m
2.8 608.600 0.360 1,12 287 78 m
80.0 610.370 0.250 0.7 279 81 78
378 614,300 0,250 0.78 a70 ] "
45,0 618,800 0.400 1,20 a7 87 80
828 624,640 0.410 1.28 an 8 81
80.0 628,189 0,200 0.63 268 89 83
60.0 33.823 0200 0.00 370 [ 1] L[]
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IT AIR QUALITY SERVICES validated 28491
EMISSION TEST REPORT
FIELD DATA
Plant: Letterkenny, AD Date; 4/4/91
Sampling location: Aftarburner Outlet Run number: AOPM-3
Test time (start-stop): 15091609
Sample typo: Part/Metals Volume corroction (cu. ft.): 0,000
Bar. press, (in, Hg): 30.08 Mator ealibration factor: 0.984
Static press, (in, H20): 0,660 Data interval (min.): 7.8
Filter number(s): 9170003 Nozzle dia. (in.): 0.988
Stack inside dia. (in.): 878 Moter box number: F'T.8
Pitot tube coefl\: 0.84 Number of traverse points: 8
Total H20 collected (ml): 176.0 % CO2 by volume (dry): 1.0
% 02 by volume (dry): 18,0 % CO by volume (dry): 0.0
“Sample “Gas meter _ Velocity Orlifice drop
time reading head actual Stack Dry gas meter
(min) (ou.ft. AP AH Temp, temp, (°F)
0.0 631447 |_(in. H20) (in, H20) {F) inlet outlet
(L 638230 0,380 1.21 58 84 85
18.0 841,130 0.350 1,11 262 88 88
228 845780 0.870 117 262 88 83
80.0 650,880 0,300 0.985 262 90 84
7.8 654.720 0.300 0.88 262 91 as
450 859.560 0.400 1.14 261 02 88
828 6684260 0.410 117 264 02 87
0.0 867.660 0.200 0.87 280 93 88
60.0 213 0.339 1.02 261 80 [T.]
1
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IT AIR QUALITY SERVICES validated 3851
EMISSION TEST REPORT
FIELD DATA
Plant: Letierkenny, AD Date: 4/4/91
Sampling location: Afterburner Outlet Run number: AOPM.3
Teat time (start.stop): 1638.1738
Sample type: Part/Metals ~ Volume correction (cu. ft.): 0,000
Bar, press. (in, Hg): 30.08 Meter calibration factor: 0.984
Static press, (in, H20) 0.800 Data interval (min.): 7.8
Filter number(s): 9170003 Nozzle dia. (in.): 0985
Stack inside dia, (in.) 8.78 Molar box number: FT-8
Pitot tube coefY.: 0.84 Number of traverse points: 8
Total H20 collected (ml): 180.4 % CO32 by volume (dry): 1.0
% O2 by volume (dry): 19,0 % CO by volume (dry): 0.0
Bample ‘Gas meter _ Veloolty Orifice drop
time reading head actual Stack Dry gas meter
(min) {eu. ft. AP AH Temp. temp. (*F)
0.0 667.812 in, H30) (in, H30) (F) EE outlet
7.8 871400 0.230 0.88 264 90 90
18,0 676.100 0.360 1.02 270 8 88
22.8 881,000 0.380 110 270 90 88
30.0 885.220 0.320 0.80 278 9 87
a8 689,350 0.320 0.80 276 2 88
48.0 693.040 0,400 113 278 1] 88
52.8 899.000 0.420 118 272 03 88
60.0 702,650 0.240 0.68 268 92 89
60.0 34.838 0338 096 371 [1] [T]
A-9
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IT AIR QUALITY SERVICES validsted ¥&91
EMISSION TEST REPORT
TEST RESULTS

Plant: Letterkenny, AD Tost dato(s): 4/4/91 44/91 Y41
Sampling location: Afterburner Outlst

Run Numbers
AOPM.1 AOPM-2 AOPM-3 AVERAGE

Net time of test (min) 60.0 60.0 60.0
NP Net samplingpoints e - 8 8 8

L

Moter calibration factor 0984 0964 0.084
Dn Sampling nozzle diameter(in)  eueeem 0,258 0.268 0.268
Cp Pitot tubs coefMielent e 0.99 0.84 0.84
AH Avorage orifice preasure drop (in, H20) 0.0 1,02 0.98 0.96

Vm Volume of dry gas sampled 33.823 86,218 34.838 34,988
at meter conditions (cu, N.)

Tm Average gas metor tomperature (°F) — 809 873 89.7 80
Vmstd Volumeofdrygassampled = eeeeen 82,791 34,646 33.181 33.519
at standard conditions (sef)
and silica gel (ml)

Vwistd  Volume of wator vapor at 7.708 8,284 n7.974 7.088
standard conditions (scl)

Bws Porcent moisture by volume, as measured =~ e - 19.08 19,30 19.58 1934
Percent moisture by volumae, at saturation ~ ceeenee 100.00 100.00 100.00 100.00
Percent moisture by volume, used in calculations  «eevee- 19.08 19,80 19.98 19.84
Fmd Mole fraction of dry gas 0.800 0.807 0.808 0.808
%C02  Percent CO2 by voluime (dry) 1.0 1.0 1.0 1.0
%09 Percant 02 by volume (dry) 19.0 19.0 19.0 19.0
%CO Percent CO by volume (dry) 0.0 0.0 0.0 0.0
%NS Percent N2 by volume (dry) 80.0 80.0 80.0 80.0
Md Molecular weight - dry stack gas 28.92 23,92 28,92 2893
Ms Molecular weight - stackgme s 26.84 28.81 28.80 2683
Pbar Barometric pressure (in, Hg) 80.08 30,08 80.08 80.08
Pel Static pressure of stack gas (in. H20)  «eeeeee 0.690 0.690 0.690 0.890
Ps Btack pressure - absoluts (in. Hg) 30,18 50.13 30.13 30.13

Ts Average stack gas temperature °F) eeeeeee 269.9 261.4 271.0 2074

' Vie Total H20 collected in impingers  cemeeme 188.7 116.0 169.4 1697
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l IT AIR QUALITY SERVICES validutod ¥8/81
EMISSION TEST REPORT
. TEST RESULTS
, Plant: Letterkenny, AD Test date(s): 4/4/01 4491 4/4/91
. Sampling location: Afterburner Outlet
_ Run Numbers
AOPM.1 AOPM.2 AOPM.8  AVERAGE
' Vh Average square root of velocity head (in, H20) 0.5285 0.5790 0.5787 05611
7 Ve Average stack gas velocity (feet/see) e 42,49 39.29 89,33 40,87
' As Stack area(sq.in) 0 e . 26.0 26.0 26.0 26.0
Qe Actualstack flow rata (acfm) e 460 426 426 437
' Qustd  Stuck flow rate-dry(sefm) e 2t 283 250 258
: 180 Percent isokinetie e 1023 107.5 104.3 1047
. Massof pollutant = 82,1 10,9 102
If bolow detection limits, replace O with 1, 0 0 0
Mn Particulate mass mg 331 10.9 102
: Cs Particulate concentration gridsof 1513E:03 4.834E-03 47 3E.03 8343E.03
' Pmr Particulate emission rate Ilb/h  3.516E.03 1.083E.02 1,018E.02 1.861E.03
. Mamof pollutant = 10,0 4.5 8.6
If below detection limits, replace 0 with 1, 0 0 0
' Mn Cadmium mass ug 100 45 a.6
Cs Cadmium concentration ug/ms 10789 4,587 0.183 8.17¢
' Pmr Cadmium emission rate 1b/h 1.008E-08 4.344E.06 6.,580E.08 7.981E.00
' Masmsof pollutant = 19.0 20.0 4.0
If below dotection limits, replace 0 with 1. 0 0 0
Mn Chromium mass Iy 19,0 20.0 24.0
. Cs Chromium concentration ug/m$ 20500 20.388 28.844 22.143
Pmr Chromium emission rate Iwh 2081808 1931E.08 $.388E.08 4.133E.08
] A1 LM
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Plant: Letterkenny, AD
Sampling location: Afterburner Outlet

Page 6

IT AIR QUALITY SERVICES
EMISSION TEST REPORT

TEST RESULTS

Teost dato(s);

Munasof pollutant =
If bolow detection limits, replace O with 1,

Lead mass Hg
Lead concentration rg/m3
Lead emission rate Ib/h

Massof pollutant =
If bolow dotection limita, replace O with 1,

Zine mass 1T
Zino concentration Hg/m3
Zino emiusion rate Ib/h

Mass of poilunnt =
If below detaction limits, replace O with 1.

<pollutant> mass mg
<pollutant> concentration
<pollutant» emission yate Ibvh

Massof pollutant =

If below detection limits, replace O with 1,

«<pollutant» mass mg
<pollutant> concentration
<pollutant» emission rate 1b/h

Massof pollutant =
I below detection limits, roplace O with 1.

<pollutant> mass mg
<pollutant> concentration
<pollutant> emission rate Ib/h

A-12

4/4/91

walideted W/8/9]

4/481 4491

Run Numbors
PM.1 OPM-2 AC. -3 AVERAGE

458.0
0
45.0
48,853

4.930E.08

84.0
0
84.0
$0.630
9.203E.08

0.0
0
0.0

gr/dsc?  0.000E+00

0.000E+00

0.0
0
0.0

gr/decf 0.000E+00

0.000E+00

0.0
0
0.0

gr/dsct 0.000E+00

0.000E+00

50.0 1010
0 0
80.0 102.0

850.980 108,560 69.359
4.826E.08 1.018E-04 @.834E.08

1200 1000
0 0
120.0 1000

122,318 106.432 108,459
1.188E.04 9.048E.08 1.034E.04

0.0 0.0
0 0
0.0 0.0

0,000E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00

0.0 0.0
0 0
0.0 0.0

0,000E+00 0,000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00

0.0 0.0
0 0
0.0 0.0

0.000E+00 0.000E+00 0.000E«00
0,000E+00 0.000E+00 0.000E+00
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

ant___Ae e leuw A 3% -Dt/o -
Date ‘/// 3,/;/
Sampling location ﬂ 14“ Cenn/er Osr/e7

Inside of far wall to outside of nipple __" ¥4 *

Inside of near wall to outside of nipple (nipple length):
- N4~
Stack inside diameter, inches Sy "
Distance downstream from flow disturbance (Distance B):

4
75" inches / diameter= _______dd

Distance upstream from flow disturbance (Distance A):

72 fr‘ inches / diameter=______ dd X
Calculated by B Mido— | Floon

SCHEMATIC OF SAMPLING LOCATION

TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION

POINT FRACTICN COLUMNS 2 AND 3 NIPPLE FROW OUTSIDE OF NIPPLE

NUNBER OFSTACKID. | STACK1O. (10 NEAREST 141 INCH) LENGTH (SUN OF COLUMNS ¢ & 5)

2 25 /11 (Y

|2 25 gl "W
4 993 .3 ST
\
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I FIELD AUDIT REPORT: DRY GAS METER
. BY CRITICAL ORIFICE
DATE: 22 /2/ CLIENT: ASATHAM A (Le T Kewwy |
. BAROMETRIC PRESgURE (Pbar)::;'o. // in.Hg METER BOX NO. FT——3
ORIFICE NO, / PRETEST Y: ,79%' AHR /. 75" in.H,0
' ORIFICE K FACTOR: __ 4. 738x /0~ AUDITOR:
Orifice Dry gas ' Temperatures Duration
manometer| meter Ambient Dry gas meter of
l reading reading ai/ Taps |Average InTet Outlet Average run
&H, Vi/Ves Tar | Ta/Tier | Tot/Topr | Tne 8
min.
' 1n.H,0 ft3 °F °F °F of of
_ /,5{@ £§7¢.§ 60 43; 9 ﬁ{‘ 3/7 25 18 3¢ *¢
. ' Te ol
| Y A R (¢ 1 /5es
l Dry gas v Vo Y Audit
. meter std’ act’ Audit, devia- AHG@, AH@ Devia=-
l Vi ft2 fte ft3 \ tion, % in.H0 tion, in.H,0
l /.6 /].9/8 1703 | 2.9%/ ‘ 0.3 /\ 1.8 ~-0.07 /
g
304 1:C
17.647(V _)(P + 4H/13.6)
v . m’' ' Asar -
i Mstd T+ 460) "Lt
I o
1203( @ )( K )(Py,.)
LI v = /1. T0% fes
l (Ta + 460)
l n t Au%'i:{:'Y m-e-tes:cv
- ac = - = =
Audit Y —v;——— Y deviation bretest v x 100
. std
. 2
Audit AHG = (0°0317)(AH)(PbQP)(Tm + 460) m—ﬂ'p—'&ﬂm = /¢ 8'/1n.H20
l m’ ' bar *
' Audit Y must be in the range, pretest Y 20,05 YV,
Audit AH@ must be in the range pretest AH@ :0.15 inches HZO'
l B-3




THERMOCOUPLE DIGITAL INDICATOR
AUDIT DATA SHEET

Date ‘?/ér/?/ Indicator No. F7-3 Operator @

ALK, ; Equivalent | Digital indicator
Test PJQnt Millivolt temperature, | temperature reading, | Difference,
No. signal* OFw *F ]
1 () - 4 —
. //{a “/VZ; T 1w
00 e,/
Yo % &
3 ¥60 397 0,85
60 vy 070
4 &0 579 2.09

¥ ovhess thiked (et Prte, o) rDoa(’@%/?/

Percent difference must be less than or equal to 0.5%.

Percent difference:

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

Where °R = °F + 460°F

* -
These values are to be obtained from the calibration data sheet for the
calibration device.
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SAMPLE RECOVERY AND INTEGRITY SHEET

rary/Merafs
Plant /écmalmyg 4,4/»«/ ’Dg/ar Sample date - 7/
Sample location Rlresbuanon  owTles Recovery date __ ¢-v- £/
Run number @FM / Recovered by /)ﬂ//a;‘
Filter number(s) 9/1000)
MOISTURE
wh'rk ¢474-
Impingers Silica gel “ ~
Final volume (wt) 5, 2 ml (g)  Final wt 29/ g
Initial volume (wt)gs/sfss] #92.94 ml (g)  Initial wt ey g
Net volume (wt) /93.)-/9.4! 2Y ml(g)  Net wt £.7 g
Description of impinger water <&k & % spent
Total moisture /¢3.7 g
RECOVERED SAMPLE
Filter container number(s) _/S3¢/ & Sealed ~
Description of particulate on filter vAr Jeslews ik s Se g
sond (Mlx “.-J ) v&w‘r'dﬁ
Acetone probe Liquid level —
rinse container no. __ /53¢l A marked
Acetone blank Liquid level ,,/’/
container no. /S3l A marked .
0.1 N HNO3 probe Liguid level
rinse container no. AAAX marked .
Impinger contents Liquid level /,,//
cont'alin r no. (S22 A marked .
0.1 B1ank Liquid level
container no. /5357 A marked el

Samples stored and locked
Remarks

po. /S3s9 4

LABORATORY CUSTODY

Re"eivedt;:y fzz't:rh Iy / M S vate _4/9/7) (7 3uw,

Remarks ) ) WJ i i
g,ﬁim.s\* 07\ !,w MML' (= )!M)‘u Lw‘@w A NW
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AMPLE RECOVERY AND INTEGRITY SHEET
I s

Plant /(./,f['/gm,.}, /Z},ﬁ,ﬂ /j}u- / Sample date -5/

Sample location gy s ome® grree T Recovery date /- 4~ %/

Run number - 2 Recovered by /f/df

Filter number(s) _ S/ xrzo.3

MOISTURE

Impingers ‘(2 3 Silica gel 54

Final volume (wt) 222&//f1 |#7 m (q) Final wt 71/! g

Initial volume (wt)sZ2A 33/ [z 7 m (g) Initial wt _ A2 7 g

Net volume (wt) L] 3. m (g)  Net wt 2 32</ 9
| Description of impinger water <&ic Jo % spent

Total moisture /2.0 g
RECOVERED SAMPLE
Filter container number(s) _/5363 A4 Sealed I/

Description of particulate on filter __ . 407 «orguw et Sonmg <C%e snd

Acetone probe Liquid level /
rinse container no. (;;y marked

Acetone blank v Liquid Tevel

container no. /S 360 A marked v
0.1 N HNO3 probe Liquid level

rinse container no. % marked .

Impinger contents . Liquid level

container 2' /S 36 rt marked v
0.1 N'ﬁ)aé q’ank Liquid level /
container no. 5359+ marked

Samples stored and locked

Remarks

LABORATORY CUSTODY :
Received by lu[d.& ’bv/ f/ﬂim in) Date "f/(//q/ M: 30um

. |-
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SAMPLE RECOVERY AND INTEGRITY SHEET

AT MTALS
Plant . - v detr Sample date R
Sample location 0 g Recovery date v-9. 9
Run number ___ Azdsi- 3 Recovered by )o/‘(/ %,
Filter number(s) __ 4r/cw el
MOISTURE
Impingers Silica gel
Final volume (wt) 234 7 M (g)  Final wt ?ﬁff' g
Initial volume (wt ) % /m (g)  Initial wt 2/4.2 g
Net volume (wt) 3 ml (g)  Net wt 7.9 g
Description of impinger water _ /fgr 20 % spent
Total moisture 7y 4 g
RECOVERED SAMPLE
Filter container number(s) /S 365 & Sealed 7

Description of particulate on filter __  Lufor \eilowa® ren? _ Sone St

Acetone probe ' Liquid level

rinse container no. _ /35345 4 marked -~
Acetone blank Liquid level

container no, 25360 R marked . /
0.1 N HNO3 probe Liquid level

rinse container no. ff%f- marked

Impinger contents Liquid level -

container no. 253G A marked

0.1 N HNoy/Blafk Liquid level -
container no. 2 389 R marked

Samples stored and locked

Remarks

LABORATORY CUSTODY

Received by fz:’:gz'du /Lb ' / 1Tk __ Date "‘U‘{/‘?{ M 30
' i) '.{'aézydblﬂmtm
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INITIAL CEM CALIBRATION AND PERFORMANCE EVALLUATION

Plant LETIEP tana w2y  Jed:r  Parameter  S0,, CO,, 0,, NOH@D

Location commamed on, Monitor 7y
gate . 2-%7/ - ggantva1u$ c?g‘o%rf <403
perator P e ma s art scale
PN Y Pbar, in.Hg 3C.C0
Chart divisions Concentra-
" tion pre- Cali- Sampling
Cal. gas Direct Injection dicted by bration system
Cylinder conc., 1njection through equation,* error,** bias,w#
No. ppm or % to monitor system Direct System % of span % of span
Amavsss <o/ §7.0 Ho.8 S?.i-(a] sad - | ~1 9
fmoofns WO S50 LS aNb |2y 2 -7
mocolfl 9793 1€ 330 oM lioe =, —(.3
S < TS 1I < /%5 SRR -2 e ) S < S TtY....

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

ysmx+b X = ppm y = chart division

Nty s :;"7',5 ,
i BE 2y

For data reduction:

(Char: division - b) _ (cD 7§ )
m V7% S|

Pollutant ppm/% =
Correlation coef. = \W?ﬁ

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

(Concentration of cal. gas

** Calibration error, % span * gm_-_p_t_'gcsi;::?dp;;nc.. ppn] x 100

Acceptable 1imit = 22% each gas (THC 1imit 1s £5%).

wik 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 [(-3 @ or ¥ (circle
one

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

<8 s, 85 s, 95 s A 6 s

Precision, % scale = difference in chart division response for two repeated
injections of the same gas concentration = V€ - 905 = é %

(clock time = __ &Rz| )
COMMENTS ;
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Plant - /% ; ' Parameter  S0,, CO,, 091‘N0;5;ZE§
Location 2 g dou® cuzz 7. Monitor ik 472
Date s A4 Span value  ppm~dr % gssS‘-q
Operator L&) 2, Voremody Chart scale 100 &%6°9
PN Mralv %d Pbar, in.Hg 3595
Time, Pretest@Gy/  Post-test 2/ Tamb, °F 2°
Run No. Hm -2 . 8 -
Concentration Analyzer
predicted by cali-
Cal. gas Chart divisions equation bration
Cylinder conc., error,**  Dr{ft, wex
No. ppm or % Pretest Posttest Pretest Posttest % of span % of span
A 014 8SS @»/ 9 S w®S sony fm 7 -7 o8
AMEHES R 4.9 S ez oY 1Y
AMSayy TP g3 ang G495 @3 23 22
---------------n--u--ﬁ-é----én;------;lgu ------- -{‘.-I...-.I.‘Qﬁ.-.-....ﬁ.‘--

* 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 =fe-22)
M oty )

Pollutant ppm/% =

Correlation coef, = fﬁ‘i‘f“!

(Cal. gas conc, = con¢c. predicted) x 100
Span value

** Analyzer cal, error, % span =

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

w#h% Drift % span s (Posttest cal. resgons;a; :ﬂ:;ﬂ cal. response) x 100

Acceptable 1imit <3% of span

Minimum detectable 1imit = 2% of span or _g/./ E@Por % (circle one)
Maximum zero drift = ¢S % of span or ppm or % (circle one)
Maximum cal, drift = 25 % of span or ppm or % (circle one)

COMMENTS: Pretest or posttest gcircIe one‘ calibration used to quantitate
sample data, Posttest s use r exceads 1imits and 1T post-
t E Telds higher concentrations. .

est yieids nigher concentrations,




CEM DATA REDUCTION SHEET FOR BAG ANALYSIS OR STEADY READINGS

Date /4" F/ Parameter S0, N0.," €0,, 0,¢TBR, CO
‘ Operator A2 Z}ﬁz{g/ PN _ftesg4y Location gowwmstemar curecT
(Chart divisfon - b) , (CD «7..22)
Pollutant ppm/% = - U787 7
Average
Time** chart
Run No., (24-H) | division| Conc. Comments
Acan- | 2290234 | &S /3. <
yxsy - 2344 | 7 ¥ q9v UPDER THE AETETION Lenii?” op 4.0 e
r,w, .’quf v ? "’,
ragut- v | 0 Z ';
ptorief | 76 '
it wed | AS 24

peems 2 ;—/o’v_;_{_g; Je | g Secow 106 Jevterim womp

pso 1437 | £.§ z‘:/ 0
ysaf=rsY8| ¢ § kX%
vt 888 | 0.8 3¢
Y559 AN | & 2.y

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

Indicate whether time interval is from beginning of first time to begin-
n{:g oftsecond time or to end of second time (circle one, or describe
alternate).

Calculated by%/n F7-#” _ Checked by SL _on_H-¥-4

Gl oD OGN &N N P N GE N N Gy o D G D G B e e
(§

B-14 T

_




CEM DATA REDUCTION SHEET FOR BAG ANALYSIS OR STEADY READINGS

rate ¢/ - &/ Parameter S0,, Ng“,* c0;, 01®C0
Operator /Z‘/ZﬁWPN SFeseyy  Location _GP%ainsusn corier
. (Chart division - b) _ (€O -&# 22)
Pollutant ppm/% - U725 )
Average
Time** | chart
Run No, | (24-F) | divisfon] Conc, Comments
-3 3y -nvs” &-F 24 Seraw dJdorecnew <rac i
Fﬂ'-/é-ﬁ' G S r-7 J/
s~ s | 4.5 I 7
yigg 1S | &S ~7
)= 1128 s LI 4
ras 17857 @ F »y/

For NO indicate whether NO, NO + Noz. or N0, for specific interval.

Indicate whether time interval is from beginning of first time to begin-
n;:g oftsecond time or to end of second time (circle one, or describe
alternate),

Calculated by%{n 7= 4L 22 Checked by T on M -% -4
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INITIAL CEM CALIBRATION AND PERFORMANCE EVALUATIUN

Plant LETIER tavn oy Bomy  Aedor  Parameter 50,, CO,, 0,, NO
Location oamawsiues. 49 - Monitor _ we
8ate . ﬁ.yfg ggantvalug : or &7, 7.3
perator pvg,#m/g/ art scale
PN 25U/ Pbar, in.Hg __ 38 0¥
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
Amevtss o/ §9.0 708 5316 [sed =0 L4
fomooing VO .o 9 53@‘, Wy .2 -7
Amooolf) T3 W€ 230 oM lioe ~ | 3
X T T YT XYY I Iy ] a------\:-‘.-q --------- 6-.-: ---------- ‘ -%- 3— --.-:ﬁ ----- I..-:L‘g-.-I

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

yamx+b X = ppm y = chart division VLTS _—5.‘(.,7&?,‘.,

For data reduction:

, {Chart division - b) _ (_n 478 )
Pollutant ppm/% = /é e ) |

Correlation coef, = . Wfﬁ

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

(Concentration of cal. gas

** Calibration error, % span = pom - pre%::edp:;nc.L ppms x 100
’

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

¥+ Sampling system bias =

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

Acceptable Timit <6% of span

Min;mum detectable Hmit = 2 percent of span or U 3 <P or % (circle
one

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

€8 s, 8.5 s, 95 s avg. €6 s |
Precision, % scale = difference {n chart division response for two repeated

injections of the same gas concentration = & - 904 = .3 %
(clock time = __ 3%2| g )

COMMENTS:




Cylinder conc., error,t*  Dpift, wae
No. ppm or % Pretest Posttest Pretest Posttest % of span % of span

' Plant % Parameter  $0,, CO,, 0,, NO
' Location @2 goemluwwr aerer — Monitor . xuwdy <602
Date &G/ Span value  ppmor % éS‘&q
I Operator & 7,/557@@/ Chart scale 100 &86°97
PN _ s Pbar, in.Hg _ 3549 .
l Time, Pretest@G/( Post-test s/  Tamb, °F 2°
Run Ho. 'm-L - 1041 -
f l Concentration  Analyzer
predicted by cali-
Cal. gas Chart divisions equation* bration

s S g WS @l e L, o5 &

AMOTET B %9 &S gm8  mm ol 1Y
< S/ 2 T T Y S W s N S..7=

-------------- samaswme

* Perform 1inear regressfon of pretest cal. gas concentratfon vs. chart
divisions to determine following equation:

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

For data reduction:

. (Chart division - b) , (CO ol AL
Pollutant ppm/% - §”.lL187 ;

Correlation coef, = ‘{‘f‘?é"?

** Analyzer cal. error, % span = {0l gas conc. o conc. predicted) x 100

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

**% Drift % span = (Posttest cal, respong;a; :gmlﬂ cal, response) x 100

Acceptable 1imit <3% of span

Mintmum detectable Timit = 2% of span or _ /4 / gopor & (circle one)
Maximum zero drift = ¢ % of span or ppm or % (circle one)
| Maximum cal. drift = 28 % of span or ppm or % (circle one)

{‘ . COMMENTS: Pretest or posttest (circle one‘ calibratfon used to quantitate
S0 sample data. Posttest s use rift exceeds 1imits and 1¥ post-

est yields higher concentrations.

e
e




Date

CEM DATA REDUCTION SHEET FOR BAG ANALYSIS OR STEADY READINGS

A aX /A

Parameter S0,, NO ,* €o,, Ozg;IEE, C0

Operator A< ZZ«:@{/ PN SOz Llocation gompaawd ocrcer

» (Chart divisfon - b) _ iCD ﬁ..zz;
Pollutant ppm/% o 705

Average
Time#* chart
Run No. | (24-H) | division| Conc. Comments
ACHH- | /3.?7‘ ZHUANE 2 e Xg
yx3y-RY | 7§ 9Y | dmeen Tue Aerecrion T er Y.t e
,m.’x,/ 17.3 ,f",
r3st-1y | -8 7y
wet-einf | 7€ 24
LA 2y 25 14
RO - 2 ;;9’7;53 ;? ;; B ow 7'”5'457?67/4” -
Lo 143 7 é.g 3./ \b
s39-7597| & § v
ysyf-185F | 4.8 3y
Aly 4 7 @F 3. 14

\——-.- .

*: For NO, indicate whether NO, NO + NO,, or NO, for specific interval,
Indicate whether time interval 1s from be?inn1ng of first time to begin-

ning of second time or to end of second t

alternate).

me (circle one, or describe

Calculated by%%n 7% _ Checked by Sk on _1-§=9

3




CEM DATA REDUCTION SHEET FOR BAG ANALYSIS OR STEADY READINGS

*
Date ./ F/ Parameter 505, NO., C0p, 0,€ co

Operator /2 Zregumald/ N SESCYY  Location _ G msuaner cori e
(Chart division - b) _ (CD -&.22)
m

Poilutant ppm/% =

U /87 )
Average
Time** chart
Run No. | (24-H) | division] Conc. Comments
-3 lp3s-ne| 6-F 34 Bézans IETECTION ot At 7
ls—K85" | GoeS” ~.7 UL’
ss-ws | 4.5 r?

e (S| &S ~?
yus- 1128| 68 3.7
72" 73| & F i 4

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

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

Calculated by on —2—12 Checked by & on_o-g-9)




LABORATORY DATA SHEETS

C-1
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Foqisgy  ANALTICAL

| CERTIFICATE OF ANALYSIS

ITAQS Cineinnatd Date: May 1, 1991

Attnt  Mr. Chuck Bruffey

Job Number 21381 P.0. Number 816006~002
This is the Certificate of Analysis for the following samples:

Client Project IDi USATHAMA

Date Receivedi April 9, 1991

Work Qrder: X1-04-0680

Number of Samples: 4

sample Type! Multi-Metals Trains

I, Introductlion

Four multi-maetals trains and blanks arxived at ITAS Cincinnati on April 9, 1991, The
sanmples were sent for analytical work in support of monitoring work on the USATHAMA
Project. The samplas are labaled as follows:

3

Run # AOPM=-1

Run # AOPM=1
Run # AOPM=Blank

Il. Analytical Results/Methodology

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

Rach train consisted of a filter, acetone rinse and HNO3 impinger. The fllter
and acetone rinse were analyzed per EPA 3. After EPA 85 analysis they were
composlted with the HNO3 impinger and analysed for the metals listed on the next

page,

Reviewed and Approved by:

-
T a5 o-w-uuk
Tim Soward

Project Manager
104060

Ametican Council of Independent Laboratorien
International Association of Environmental Testing Laboratories
American Association for Lakoratory Accreditation

C-4
IT Analytical Services * 11499 Chester Road » Cincinnetl, OB 45246 » 513-782-4600

' Run # AOPM-2




Client: - USATHAMA

Work Order: X1-04-060

10406001 IT ANALYTICAL SERVICES
CINCIINNAT1I, OH

I1. Analytical Results/Msthodology (cont.)

! * Lead by Graphite Furnace Atomic Absorption;
EPA Method 7421

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

II11. Quality Control

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

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

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

C-5




Client:
Work Order:!
10406002

Client Sample
Lab No.

Analyte
Cadnmium
Chromium
Lead
Zine

Client Sample
Lab No.

Analyte
cadmium
Chromium
Lead
Zine

USATHAMA

X1-04-060

ID

ID

IT ANALYTICAL SERVICES
CINCINNATI, OH

Analytical Results, ug

Run # ROPM=1

0l

Run # AOPM=3

03

Run # AOPM=2

02

120

Run # AOPM-4

04

(Blest¥).
ND

3.5
1.4
16

L &

Detettion
Limit

Detection
Limit

LYY Y Ty

1l

3
4
4

ND = Not detected above the reported detection limit

Quality Assuranue Data

Quality Control
Standard Reference Solution

Theoretical Percent
Analyte Value Recovery
Cadmium b 99.4
Chromium 1 8.8
Lead 0.075 102, 96.3
Zinc 1 102




Method 5 EBElamk Analvitical Data

F1ahf|L|TfEhFhNNY ﬁhMY REFOT

L L LT Ry RIS R e i et e W} Bl A W MDD o) et S 2 o e o T N S N st Nost bkt A i WAL B S S o M O bt e d

Denaity of muatmne m.fﬁ?i g/ml (pa)

M G ) B g B T

T A0 LA SR L0 GEE UL D TR T T AL O T SR 00 (R) I PO A0 MR R bl e TR U I ey st ot S et 20 O ot PN A0 IR 0 s LA Lt 2t ) N L SN UL St I NN S U i 0 e N I B 20 N G I D AN LN iy

' Sample E Liguid level &t mark
B TP .llentifiable . — ettt s
Acotone é YES { YES
;:;;::”_n“;wm»mmu_;;;mm"wm-_n~_muu-_-iu ______ ;E; ___________________________
2t 0 T 5 0 O O 5 O A T 0 O 0 0 0 5 0 0 e 6 1 L 2
Acetone Blark Combtainar No. LBT&MR Lab #:1X10406004K
Volume of Acetone: 8Ly ;:T~?;;;—~—~* T
Date & Time of Wt. ;;5:;;:M:|15wm Bunbher Gross Wt.1104947.4 mq.’/
Date & Time of Wh. ;75“;;;~;T;;;;m Beakar Gross Wt.lza;;;;jinmqé”
T average Groms W.1104947.3 mg.
Baaker Tare wt.|252;;;Tm-mq.V"
oy (mg/e) Mw~ifﬂlw~w Boaker Net wt.:_“““::T;“mg.(ma)
(Ya) (pa) e
Acatone Blarnk Value: m.m3m4 mg/y (Ca)d
Blamk Value veed for Caleulationst @.0100 my/g
Filter #1 897004% Lab #:1X10406004A
Date % Ti;;ng;';:-;;;:/9l 7 1 IAAM Filter Grows Nt.ln-";;;T;-;;::
Date & Time of Wt. ;7:5;;I~::I;;g~ Filter Grosws wt..”“-zzgi;"mg ~
T Average Gross Nt.luwnzggt;—mg
Filter Taras Nt-l‘—*;;;";_me/’
Difterencer Ejanmq
Remarke T
sm;ZZCJ;“;?"E;Z\IZ:ZIT'?;z""'":'“"'z_ """""""" Ly
Sighnature of Reviewer: ,sz ...... ~ Dater nmfi_m




Methlod B Trainm Analvtical Particulate Data
Acetorne Finsss amd Filter(s)

Flant :LETTERKENNY Run Na . 1 AOFM-1

Sample LuratimnﬁrrEhBUhNLR/OUTLETDFnsity of Acetaone 0,78%9 a/ml

s (et oAt W S S e (i S - ——

Sample f Sample ; Liguid level at mark

e e Ad/Er container sealed
Acetone } YES } YES
;:I;;:__E_ﬂmm_mm“wvggmmww. e o 1 E. - -;E;-_____ﬂ_nwm__mmm~"_-qmm“
U 0 T A R 4 0 R 0 5 1 0 £ 2 B
Acetone Blank Residue Cone., H.010@ mg/g“’f Lab #1X104062Q1E

Arwtonae Yolumens 180 ;I?t::“-“ T

Datae & Time ot Wt. ZN/I::;;;“:':MF"M Eeaher Bross Wt.1 98% 7.8 mg

Dt & Time of .4/ .,,,:Q;*;‘:““ﬁ;' Heaker Bross wt..mc:;?* 97.4 4 mg/

Average Gross Wh.i 96&97.6 me

e b o $ faem

Beaker Tare Wt. 9B582.% mg e«

M s o o 1o i S

l.ens acetome blambk wt.: 1.4 my
Farticulate Wk 13,7 mg
Filter # 917@0%1 Lol #ax1m4mbwmla
Date & Time of wt.4ﬂ22/91 7 3 TAAM Filter Gross Wh.i 419.% mg v~
Date & Time of wt.4/Tﬁ/91 21 L8R Filter (Grose Wt.tu 41%.7 mg v+

. o O M 0 00 e bt WO W o —— e ot s ot ot Bt

Average Grosae Wt.i 419.4 mg

o - b

Filter Tare Wt.1  401.0 mg ¥

] o s - ")

Weight of Farticulate on Filtem 18.4 mg
Weight of Farticulate in Acetone Rinme: 1%.7 mg
Total Wt, of Farticulate:, 3.1 mg

Sigmature of Analyutg??Q 7 a&/m Date1 - 25-9/
Signatuwre of Reviewsri 2; Z@j"’ S~ Date: j{?74/
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Mathod 5

Flant: LETTERKENNY

el o bl o2 OO AR P B

Sample LocationAFTERBURNER/GUTLETDensity of Acetone

Train Analvtical

Farticulate Data

Acetone Rinaes and Filter(s)

b e o) B o G W ) AN O MO Bt Jodtt S R S N ot Sl S () S o S

- en DU G st v G o S 4 00 W todes e g

Rur No. s AOQFM-2

A sy S W oy N T B I S T s b

I o

310 03 Y i 3 60 220 IS D U SR PR TR U 61D O NS I D 1 % S R R R At I 0 2 R S R Je g i e B Y IO I O R R R S MR R MR SR T TS MR R M N S SR N AR T

| |
) )
Sample | Bample ' Liquid level &t mark
type | identitiable ' and/or container sealed
Vo e b ek e W TR : A (NS WAR B (W SR R b B MR PR SR e ti M HIE M W S et SR A M W R M e : WA HEE RS M G S g S SN R VR S N M b Sy e G v e R B s e it G R o N A e B i
Acetone | YES® ] YES
S bt R M P bl el W : .