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SECTION 1

INTRODUCTION

Hazardous waste minimization is one of the most pressing environmental issues
facing U.S. Army depots today. The U.S. Army Toxic and Hazardous Materials Agen-
cy (USATHAMA) conducts research and development to support Army depots in the
development of programs and technologies to reduce the generation of hazardous
waste. Degreasing and chemical paint removal processes conducted at Army depots
generate significant quantities of hazardous waste. Fluidized-bed paint stripping
(FBPS), which has the potential of reducing waste generated during paint removal,
was selected by USATHAMA for a ficld demonstration. For some parts, the FBPS has
the potential for being substituted for caustic stripping and degreasing. This report
incorporates the results of a field evaluation of this technology conducted at the Red
River Army Depot (RRAD). IT Environmental Programs, Inc., perfermed this evaluation
under contract to USATHAMA.

The objectives of the demonstration tests were as follows:

1) To determine whether the FBPS could be used to remove paint, grease,
and oil from parts processed at RRAD.

2) To develop operating parameters for the FBPS.

3) To determine the impact of the FBPS on hazardous waste generation at
RRAD and its relative cost.

4) To evaluate air emissions generated by the FBPS operation.

The fluidized-bed technology was originally developed as a heat-treating meth-
od for metal parts rather than for the removal of paint or organic material. The main
advantages of the fluidized bed over simple atmospheric heat-treatment furnaces are a
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superior heat-transfer rate and the precise control of temperatures and atmospheres in
the heat-treatment furnace. More recently, the FBPS technology has been used pri-
marily for cleaning paint application equipment and fixtures and for removal of plastics
from injection molding dies. In most of these applications, the parts processed are
made of similar metals and have similar surface coatings. As a paint and grease strip-
per, the FBPS is simpler to operate than other alternatives (e.g., a moiten salt bath). A
major advantage FBPS offers is the possibility of replacing at least some of the toxic
chemicals now used to remove paint and grease. A disadvantage of FBPS is that it
generates carbon monoxide and unburned hydrocarbons because the concentration
of oxygen in the fluidizing air is inadequate to allow complete combustion of the paint
constituents, plastic coatings, or rubber. Precautions are taken, however, to prevent a
buildup of pyrolysis products that could be combustible and/or explosive. Another
disadvantage is that not all metal parts can be treated in the FBPS.

Activities at RRAD include vehicle repair, small arms repair, equipment stocking
programs, and warehousing. One of the primary activities, repair of Army vehicles, in-
cludes two basic programs: 1) inspection and repair, and 2) complete rebuilding of
vehicles and components. The inspection and repair program entails disassembling
the vehicle and repairing those components that need repair. The rebuilding program
entails complete disassembly of the vehicle, replacement or refurbishment of all com-
ponents, and reassembly. Both programs involve paint-stripping operations that gen-
erate wastes.

The type of vehicles processed at RRAD varies. For example, during the Middle
East conflict in 1990 and 1991, depot activities changed from the predominant task of
complete rebuilds of the Type 113 family of vehicles to the exclusive task of inspecting
and repairing Bradley fighting vehicles. A description of activities conducted at RRAD
is included in Appendix A.

Section 2 of this repoit describes the FBPS process, equipment, and operation.
Section 3 describes the demonstration testing performed under this task. Section 4
compares the FBPS with existing parts-cleaning processes used at RRAD. Section 5
presents the conclusions drawn from the FBPS demonstration and evaluation at
RRAD.
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SECTION 2

FLUIDIZED-BED PAINT STRIPPER

The FBPS process uses hot (600 to 1000 °F) aluminum oxide (alumina) as a
heat-transfer medium. Air passing up through the bed keeps the media fluidized.
Parts to be cleaned are lowered into the fluidized bed, which quickly heats the part
and its surface coatings (paint, grease, oil, etc.) 10 a temperature at which organic
components of surface contamination and finishes pyrolyze into carbon oxides and
other products of combustion. Emissions from the process are completely combusted
in an afterburner. The treated part retains a loosely adhering char made up of the
inorganic components of its finish.

This section describes the specific FBPS evaluated at RRAD. This unit, manu-
factured by Procedyne Corp. of New Brunswick, New Jersey, consists of an electri-
cally heated fluidized bed (Model PCS-4848), a fluidized-bed cooling station (Model
QB-4848), a natural-gas-fired afterburner (Model AB-30-2), and a variable-throat venturi
gas scrubber (W.W. Sly Manufacturing Co. Size 1). The system also includes a mono-
rail hoist and housing for the emissions-control equipment. The general arrangement
of the system is shown in Figures 2-1 and 2-2.

2.1  Fluidized Beds

Two distinct beds are used in the system: a hot bed and a cold bed. The hot
bed, where pyrolysis of the coatings takes place, is kept at operating temperature by
electric heaters wrapped around the vessel. Although the cold bed is similar to the
hot bed in terms of fluidization, it is surrounded by a cooling-water jacket instead of a
series of electrical heaters. The cold bed is used to cool the parts after the organics
have been pyrolyzed. The hot and cold beds each have diameters of 48 inches and
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Figure 2-2. Parts load being lifted into the FBPS|
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effective bed depths of 48 inches. An electric chain hoist on a monorail located above
the bed is used to raise and lower parts into the FBPS for treatment (Figure 2-3).

The Procedyne FBPS equipment uses a patented arrangement of air diffusion
nozzles and a diffusion plate tc achieve fluidization. The nozzles are arranged in a
uniform pattern in the diffusion plate, which is welded into the bottom of the fluidizing
vessel. The installed unit uses 200-mesh alumina in the bed and uses air as the fluid-
izing gas. Alumina has the advantage of being chemically nonreactive and available in
the required size and density range. Other nonreacting materials, such as silicon diox-
ide (silica) and titanium dioxide (titania) or alumina of a different mesh size could be
used, but some modifications (e.g., different air velocities) would be required. Al-
though other gases (e.g., nitrogen or carbon dioxide) could be used as fluidizing gas-
es, air has the advantages of being readily availabie and providing the oxygen required
for pyrolysis of organic matter in the coatings.

While the parts are in the hot bed, some surface coatings may come off the
parts as flakes; these flakes generally float on top of the fluidized bed. A photograph
of a hot bed in its fluidized state (Figure 2-4) shows "bubbles” of sand on top of the
bed and a small accumulation of removed surface coatings. Parts that become dis-
lodged from the parts basket fall into the fluidized bed and sink to the bottom, where
they remain until the bed medium is replaced.

During the processing of a normal load of parts, the cocentration of oxygen in
the fluidizing air will be inadequate to allow complete combustion of the paint constitu-
ents, plastic coatings, or rubber. Therefore, carbon monoxide and unburned hydro-
carbons will be generated during pyrolysis of these materials. The products of pyroly-
sis are combustible volatile organic compounds (VOCs), which are burned in the sys-
tem's afterburner. Low-pressure steam is bled into the space above the fluidized bed.
The steam prevents a buildup of pyrolysis products that could be combustible and/or
explosive. As a further precaution, the hot bed is equipped with an explosion vent
(Figure 2-5). The furnace housing (Figure 2-2) is used to control emissions during
loading and unloading operations that occur while the lid is removed from the hot and
cold fluidized beds.




Qo
Z
o
£
FUME CONTROL SYSTEM z¢
1< i:
(@]
/ HOIST
EXPLOSION
VENT
LID
STEAM SUPPLY
'@i
0
FLUIDIZING BED N £
/ o 1=
ojlw
LYY %8
8 a
PARTS b £
BASKET RADIANT HEATERS Ol<
§,
S
(O]
2
2z
o 4
o
GROG
LAYEH
FLUIDIZING AIR '
SUPPLY T S~ O é
e —
FLUIDIZING AR
DISTRUSUTION /
Figure 2-3. Section through FBPS showing major features.
INTERNATIONAL
TECHNOLOGY
CORPORATION

2-5




'Paq oy Buizipiny

ME SN ok S OE N NG N EE

'p-g 8anbiy

26



Figure 2-5. Explosion vent.
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During the lowering of the parts into the fluidized bed, the lid of the bed is re-
moved. Therefore, any fumes that are carried up and out of the bed escape the pri-
mary fume capture system and are contained by the furnace housing. Once the lid is
in place, these emissions are gradualiy evacuated from the housing. They are then
compined with the other emissions from the hot bed and burned in the afterburner.

The furnace housing is an integral part of the support mechanism for the over-
head monorail and hoist. The hoist raises and lowers baskets full of parts into and out
of the hot and cold fluidized beds. The monorail provides a track for the hoist that
moves the parts baskets from the loading and unloading areas to the hot and cold
beds. The chain for the hoist passes through a narrow slot at the top of the furnace
housing. This slot is sealed with rubber flaps, and the doors at each end of the hous-
ing are closed before the baskets are put into the furnace so as to control fugitive
emissions; however, some emissions do escape. The housing has two 12-in.? side
windows and an interior light to provide visibility for the operator.

During normal operation, parts are placed in one of four baskets having an
inside diameter of 45 in. and an inside depth of 22 in. The baskets can be modified to
accommodate specific parts. The 45-inch inside diameter restricts the size of parts
that can be processed in the FBPS baskets; however, larger parts can be hung by a
chain and lowered directly into the beds without the use of the baskets.

2.2 Emission Control System

The afterburner can heat air emissions to 1400°F and introduce sufficient ex-
cess air to burn VOCs completely. The afterburner provides a 0.4-secend retention
time for the gases, which insures complete combustion. At 1400°F, typical VOC poliu-
tants are destroyed in 0.1 second in the afterburner. (Exceptions include black smoke
and carbon particulates greater than 10 um in diameter, which may require up to
1 second at 1400°¢F to be destroyed fully.) Afterburners are normally designed with a
0.3- to 0.5-second residence time for a safety factor. Texas Air Control Board (TACB)
regulations require afterburners to be designed on the basis of a 0.4-second residence
time at 1400°F. A "wet cap" attached to the discharge end of the afterburner cools
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the discharge gases to approximately 150°F. This cooling permits the use of lower-
temperature blowers and ducts for the system’s exhaust. A pilot flame is maintained
in a low-fire mode to insure that no unsafe flameout conditions occur as a result of a
temporary drop in fume concentration in the process off-gas or a temporary interrup-
tion of the off-gas stream.

The RRAD FBPS has a variable-throat wet venturi scrubber designed for a pres-
sure drop of 4 inches. The adjustable-throat feature optimizes scrubbing efficiency by
maintaining the optimum pressure drop for removal of particulates and absorbing gas-
eous pollutants. This, combined with the unit's energy-regaining section, significantly
reduces power consumption and operating costs.

2.3 System Controls

The following controls are instalied on the FBPS system at RRAD:

° Hot-bed temperature controller and manual fluidizing air control.

° Cooling-bed water on/off and manual fluidizing air controi.

° Afterburner temperature control and manual wet cap water control.

° Manual venturi throat adjustor and waterflow control.

o Automatic system monitor for low hot-bed fluidization, low afterburner

gas flow or flameout, and afterburner overtemperature.

The hot-bed temperature controller controls the flow of electricity to the heaters,
which in turn control the hot-bed temperature. Automatic shutoff controls prevent
overheating. Off/on controls on the cold-bed water jacket conserve cooling water
when the cold bed is not in service. Manual fluidizing air controls are used to maintain
the hot- and cold-bed airflow and to keep the beds fluidized. Temperature sensors
and controls on the afterburner monitor the incinerator operation, and the manual
waterflow controls on the water cap maintain the afterburner gas discharge tempera-
ture at 150°F. The venturi scrubber has a manually operated, adjustable, venturi
throat opening and waterflow controls. The FBPS has automatic monitors with auto-
matic shutoffs for hot-bed operating parameters. Figure 2-6 is a photograph of the
FBPS control panel.
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Figure 2-6. FBPS control panel.
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Procedures for startup of the FBPS are as follows:

° Turn the bed heaters on.

° When the bed reaches the desired temperature, start the afterburner.

° When the afterburner reaches the required temperature, the hoist can be
operated.

° Turn cooling-bed water and air on manually as needed.

° When the system is operating, turn on the wet cap and venturi water
supply.

An alarm will sound if the temperature of the afterburner exhaust exceeds set
limits. Fluidizing air is shut off automatically if the afterburner shuts down.

2.4 Equipment Purchase and Installation

Although fluidized-bed technology has been used in petroleum refineries, chemi-
cal reactors, combustion processes, and metal heat-treating processes, it use for
paint removal is a relatively new development; therefore, only three potential equip-
ment vendors were identified. Of these three, only Procedyne Corporation had in-
stalled equipment in the United States and was able to provide the necessary support b
for installing the equipment and training the operators. Procedyne’s primary involve-
ment with the fluidized-bed technology has been for metal heat treatment.

As described in the foliowing paragraphs, a few equipment and procedural
modifications were made to the FBPS system installed at RRAD. First, interior lighting
was installed in the closed cabinet, which enables operators to view and position the
baskets properly. The low-pressure steam-injection system mentiored earlier in this
section was an add-on design incorporated to prevent the accumulation of ignitable
hydrocarbon vapors above the hot bed. This safety feature is intended to prevent
explosions caused by ignition of the confined VOCs.

The FBPS purchased for this demonstration is the type typically used for heat-
treating metal parts; it was redesigned for this application. When this system is used
for heat treatment, bed media are replaced infrequently. Because ted media in an
FBPS operated as a paint stripper (such as the one at RRAD) will be replaced more
frequently, provisions should be made to simplify bed changeouts. As-built drawings
should be requested for the equipment at the time of purchase. Such drawings are
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necessary for those who purchase a fluidized bed for paint stripping, as they are less
likely to be familiar with the equipment and its utility requirements than are purchasers
from the metal heat-treating industry. The Procedyne FBPS equipment was skid-

mounted and modularized, which facilitated field assembly.




SECTION 3

DEMONSTRATION TESTING

Demonstration testing of the FBPS took place at RRAD between November
1990 and March 1991. During this time, approximately 35 tests were run on parts.
Tests were also run on scrap parts, paint hooks, and panels to determine optimum
temperatures for the removal of various types of paints.

This section covers the field testing, the character of the parts encountered at
RRAD, the operating parameters, and the test results. Some equipment testing per-
formed at the manufacturer’s facility and metallurgical testing performed by an inde-
pendent laboratory are also discussed. A copy of the detailed test plan prepared prior
to testing is presenrted in Appendix B.

3.1 Test Plan

The primary objectives of the field testing were to determine to what extent the
FBPS can replace chemical paint stripging, to establish when it can be used to remove
other organic coatings (e.g., oils and grease), and to determine its effects on waste
generation. Secondary objectives of the field testing were to establish specific oper-
ating conditions for the parts and coating systems processed in the FBPS and to train
RRAD personnel to operate the system.

The first step involved categorizing the parts processed at RRAD and identifying
those that would be suitable candidates for testing in the FBPS. When available, part
specification drawings were used to obtain the following information about the parts:
The metal alloys used
Any metal treatment (e.g., heat treatment and hardening)

Electroplated coatings
Conversion coatings

o o o [-]
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° Type of paint used

0 Welds, soldering, brazing, and other treatments that could be affected by

processing in the FBPS

The test program established which parts processed in the FBPS could be re-
painted and returned to service and how the current RRAD procedures would have to
be modified to accomplish this. The test program also established optimum FBPS op-
erating parameters and how these parameters would have to be modified based on
what was being processed in the FBPS. Postprocess testing of parts processed in the
FBPS included hardness testing, checking for changes in part dimensions, and visual
examinations for warping, staining, and other damage.

The second step of the test plan involved characterization of air emissions and
wastes generated by the FBPS. Metals present in coatings and removed in the FBPS
could contribute to both hazardous waste generation and air emissions. These metals
could 1) leave the FBPS with the part (which means the downstream processing would
have to deal with their disposal); 2) contaminate the fiuidizing medium (which would
require eventual disposal of the medium); 3) be deposited inside the FBPS (which
would force an eventual shutdown and cleaning); or 4) exit the FBPS with the exhaust
gas (which could become air emissions). Air emissions of VOCs, metals, and particu-
lates were measured, and the fate of heavy metals and combustible paint char was
determined. Based on environmental sampling data (Subsection 3.3), the water scrub-
ber and incirerator provide adequate contro! of emissions.

3.2 Test Results
3.2.1 Effects on Paints and Coatings

Some scrap parts were tested (production parts were not available) to deter-
mine the effectiveness of the fluidized bed in the removal of paints and coatings found
at RRAD. The parts tested were aluminum brackets used for a chair replacement and
a seat belt replacement. Because several of these parts were available in three or four
coating types, they provided an excelient source of test materials for investigation of

the effect of temperature on the various coatings.




The effectiveness of the FBPS on these parts was evaluated by using a stan-
dardized procedure to abrade the surface of the part after it was processed in the
FBPS. This procedure entailed the use of a commercially available scouring pad from
the Scotch Company, which is commonly used as a cleaning pad at the depot. This
pad, which consists of an abrasive material on a nylon webbing matrix, is typically
used to spot-clean corrosion off of metal parts. The test procedure consisted of treat-
ing parts in the FBPS at specific temperatures believed to bracket the optimum operat-
ing temperature for the particuiar paint. The processed part was removed from the
FBPS and cleaned with the test pads to remove the char. The relative effort required
to remove the char (i.e., the number of strokes required to clean *“e part) was record-
ed. This information served as an indicator of the effectiveness of the FBPS in break-
ing down the paint. Table 3-1 shows the results of this testing. These data dem-
onstrate that a temperature of 750°F and a 1-hour residence time were adequate to
char the paint systems sufficiently to provide a cleanable part. Although some coat-
ings were effectively treated at lower temperatures and shorter tit.es, 750°F for 1 hour
appeared to be the minimum temperature and time capable of producing reliable re-
sults for all coatings.

3.2.2 Effects on Base Metal

The FBPS treatment can definitely affect the characteristics of the part’s base
metal. Warpage and shape distortion can occur and render the part useless. The
FBPS treatment can also alter the heat treatment or temper of the rnetal. Tests dem-
onstrated that aluminum parts could not be treated in the FBPS because, in all cases,
the process softened the metal. This effect is shown in Table 3-2, which presents se-
lected hardness data on typical aluminum parts processed in the FBPS. Appendix C
presents a list of the metal parts evaluated during this project, which includes the alu-
minum parts evaluated and rejected for processing in the FBPS. In general, the only
parts suitable for FBPS treatment are those made of steels that are not heat-treated or
steels on which heat-treatment temperatures are high enough to preclude their being
affected by processing in the FBPS.
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TABLE 3-1. EFFECTS OF TEMPERATURE AND TREATMENT DURATION ON PAINT REMOVAL

Test Test temperature, Test time, Part Relative removal
number °F h number afficiency®

Enamel paint systems

9 600 1 8787 50
10 600 3 8779 200
11 600 6 8783 150
11 600 6 8784 200
14 720 1 8760 5
13 700 3 8761 3
21 775 0.75 8744 25
21 775 0.7% 8743 0
22 800 0.5 8739
17 800 1 8759 3

__ 15 800 3 8758 50
Epoxy paint systems
600 1 8785 200
600 1 8786 200
10 600 3 8780 200 .
10 600 3 8781 200

11 600 6 8782 200
14 700 1 8764 100
14 700 1 8775 25
14 700 1 8762 40
14 700 1 8770 200
14 700 1 8771 70
13 700 3 8776 60
13 700 3 8768 45
19 725 2 8754 c
19 725 2 8756 0
19 725 2 8753 0
19 725 2 8755 0

{continued)
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TABLE 3-1 (continued)

Test Test temperature, Test time, Part Relative removal
number °F h number efficiency®

19 725 2 8755 J
19 725 2 8752 3
20 750 1 8774 3
20 750 1 8749 1
20 750 1 8750 3
21 775 0.7% 8747 3
21 775 0.75 8737 15
21 775 0.75 8736 20
21 775 0.75 8745 3
21 775 0.75 8751 10
22 800 0.5 3740 0
22 800 0.5 8738

17 800 1 8777

17 800 1 8763 10
17 800 1 8772 1
15 800 3 8767 50
15 800 3 8765 20
15 800 3 8773 10
15 800 3 8769 0

3 Relative paint removal efficiency indicates the ease with which char was
removed from the treated part. The greater the number, the more diffi-
cult the removal, which means less-efficient treatment. A zero indi-
cates all char was removed by the FBPS. The highect possible number to
indicate the degree of removal difficulty is 200.




TABLE 3-2. EFFECT OF FBPS TREATMENT ON ALUMINUM PARTS

Hardness Rockwell "B"

Part number _ Description Before After
5127238 Air horn 35 20
5133296 Air horn base 35 0
8763560 Spring spool 40 0
10232625 Access door 36 0
10943071 Battery rack 35 0
10949605 Fuel cell cover 30 0
12292439 Motor support 38 0
12292441 M~ clamp 27 0
12298112 Sa. .y handle 10 0
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Five steel parts routinely processed at RRAD (Table 3-3) were considered good
candidates for FBFS treatment. Not only are these parts typical of the kinds of parts
most suitable for processing in the FBPS, they were also available in sufficient quantity
for use in this evaluation. The hardness data presented in Table 3-3 demonstrate that
the parts listed (except for the bearings) are unaffected by FBPS processing. The
bearings are not suitable for this treatment because the FBPS processing will destroy
the oil impregnatior: and possibly alter the shape or temper of the bearings.

TABLE 3-3. EFFECTS OF FBPS TREATMENT ON STEEL PARTS

Hardness (Rockwell "C")a

Assembiy 1tem number Part number Part Stee!

and description description alloy Before After

P/N 12253143 10866131 Spindle 4140H 36.4 37.2
Idler arm 12253144 Arm 41404 35.7 36.0
11633894 Bearing oL16 31.9 33.0

P/N 12268709 11660930 Trunmion 41404 2.5 32.8
Road wheel arm assenbly 8756363 Arm F5414%H 33.6 33.9
10866123 Spindle 4140d 33.7 33.5

M535624-50 Piug Unknown 35.1 34.6

P/N 12253578 11669367 Spindle F54142 49.C 39.7
Idler arm 11669358 Housing 4140 38.5, 8.2,
11669365 Bearing oL'6 80.0 67.7
P/N 12276657 12278657 tlousing FS4130 36.7b 36.7b
Road wheel housing suprort Bearing oLl6 68.8 68.2
P/N 10918153 10918160 Housing CSGRD115-9% 28.9 28.9

Road wheel housing support

A1l parts were sectioned, and metallurgical samples were prepared from the sections. One-half of the
section was tested, and the results w:re reported as the “before”; the other half was processed in the
FBPS for 1 hour au 800'F before being tested, and the results were reported as the "after” measurement.

h -
Results are repcrted as Rockwell hardness "B scale.

The relationship between hardness and temperature for a specific alloy can be
determined from standard material handbooks. These data can be used to determine
whether the FBPS processing will affect the metal. Figure 3-1 shows this hardness-
versus-temperature relationship for 4140 low-alloy steel. The figure demonstrates that
a Rockwell "C" hardness cf 45 is achieved at 800°F. A part [e.g., Part No. 11660930 -
Trunion (Table 3-3)] would be unaffected by FBPS treatment at 800°F because its
Rockwell "C" hardness (33) is below curve. Similar data for the remaining parts are

also available.
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Figure 3-1. Rockwell hardness vs. temperature for 4140 low-alloy steels.




3.2.3 Effect on Parts Processing

The only special preprocessing required prior to FBPS treatment is the removal
of significant organic components (e.g., large fabric sections or rubber sections) that
may be present on the part. Processing of parts after paint stripping would be virtually
unchanged by incorporation of the FBPS. The one exception to this is the need to re-
move any bed media remaining in or on the part. This would only be a concern for
parts that have internal machined or bearing surfaces or parts containing small pas-
sages that could become clogged with the bed media and therefore require special
cleaning. For example, engine heads and blocks would not be suitable candidates for
FBPS processing because they contain numerous srnall passages and internal cavi-
ties.

The FBPS would not entirely eliminate eitner of the existing chemical paint-strip-
ping processes at RRAD. Each process (methylene chloride and caustic stripping)
woula still be needed for parts that are not suitable for processing in the FBPS. Be-
cause the aluminum parts found at RRAD are heat-treated, they cannot be processed
in the FBPS and would continue to be processed in the methylene chloride paint-strip-
ping process. The FBPS would reduce the number of steel parts stripped in the caus-
tic stripping process. A comparison of the quantities of waste generated by these
stripping methods is presented in Section 4.

Parts processed in the fluidized bed were found to require a followup white
metal blasting that took about the same length of time as the blasting required after
chemical stripping. Parts having machined surfaces (e.g., road arms) do not require
blasting; these parts are chemically treated and then cleaned by hand. When these
types of parts were processed in the FBPS, however, the final hand-cleaning operation
was found to be unrecessary. Road arms that were processed in the FBPS, however,
had to be processed with a corrosion remover because the fluidized bed had iittle or
no effect on corrosion removal.
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3.3 Environmental Emissions Measurements

Evaluation of environmental emissions was part of the overall evaluation of the
FBPS (see Appendix D). The FBPS generates the following waste streams: 1) air ex-
haust from the afterburner and scrubber systems, 2) water discharge from the scrub-
ber system, 3) dust collected in the cyclone separator on the ventilation system be-
tween the fluidized bed and the afterburner, and 4) fluidized-bed media. These envi-
ronmental measurements were made over a relatively short test period. The types
and number of parts processed and the kinds of paints treated during this test may
not be representative of the types and number that would be routinely nrocessed if the
FBFS were operated continuously during regular production. Therefore, the measure-
ments (i.e., quantification of metals in discharges) can only serve as indicators of
waste-stream characteristics.

Table 3-4 presents the quantities of four metals (cadmium, chromium, tead, and
zinc) found in the afterburner and scrubber system exhaust air. These data indicate
that controlled emissions of each of these metals from the FBPS would be less than
0.5 Ib/h. Emissions from the FBPS are regulated under the Texas Air Control Board's
Standard Exemption No. 87, which covers heat-cleaning devices. This Standard Ex-
emption limits the emission of any air contaminant to a maximum of 0.5 Ib/h and
2.0 tons/yr. Atmospheric emission testing indicated that the ircinerator completely
burned essentially all organic matter and that the FBPS is not a significant source of
VOC emissions (Appendix D). These results are consistent with the process operating
parameters submitted to the Texas Air Controi Board when the unit was installed and
permitted for operation.

Table 3-5 presents results of sampling for these same metals in the liquid efflu-
ent from the scrubber system. Concentrations of metals in this discharge are ac-
ceptable for treatment at the industrial wastewater treatment plant located ut RRAD.

Table 3-6 presents analyses of metals in the fluidized-bed media contained in
the hot bed and the cold bed, and the media collected in the cyclone separator. This
material (particularly the cyclone separator dust) is contaminated with metals that
could make it a RCRA-characteristic hazardous waste. Although the Toxic
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TABLE 3-5. TOTAL METALS IN THE SCRUBBER EFFLUENT2

(mg/L)
Sample 1D Cadmium Chromium Lead Zinc
30 0.004 0.083 <0.02 0.082
31 0.002 0.030 0.0041 0.031
32 <0.002 0.007 0.0007 ¢.021
34 0.007 0.064 <0.02 0.20
Detection limit 0.002 0.006 0.02 0.008

4 The samples were collected as a series of grab sampling during the
emission tests. Samples 30 and 34 were taken while cadmium- and
zinc-plated parts were being processed in the FBPS, and Sample 32
was collected while aluminum-plated parts were being processed.

TABLE 3-6. ANALYSIS OF METALS IN THE FLUIDIZED-BED MEDIA?

(mg/g)
Sample description Cadmium Chromium Lead Zinc
Virgin material <0.2 9.8 0.7 2.9
Cold-bed pretest 1.7 13 18 16
Cold-bed posttest 2.8 15 23 22
Hct-bed pretest 5.5 24 <3 34
Hot-bed posttest 26.7 14.3 25.9 38.4
Cyclone dust 40.4 35.1 77.5 161
Detection limit J.2 0.3 0.4 0.5

d Results are for total metals.




Characteristic Leaching Procedure (TCLP) test was not conducted on these materials,
a similar study conducted at Letterkenny Army Depot demonstrated that fluidized-bed
media was quickly contaminated with metals and was a RCRA hazardous waste. It is
estimated that about 800 pounds of this dust would be collected per year, based on
continuous operation of the FBPS (8760 hours per year).

Total metals analyses of the aluminum oxide fluid media are also presented in
Table 3-6. These analyses indicate that metsis 4o build up in this media; however, it
cannot be determined if the levels at the time of media change-out would be sufficient
to require the sand to be disposed of as a RCRA-characteristic hazardous waste. A
complete change-out of the bed media would amourt to about 8000 pounds of materi-
al. Based on information acquired during the test program, it is estimated that the

media would require change-out every other year.




SECTION 4

SYSTEM COMPARISONS

For comparison purposes, this section presents operational, waste generation,
and cost cata for each of the two paint-stripping systems evaluated at RRAD--the
FBPS and aqueous caustic paint stripping--which represent two alternatives for strip-
ping paint from nonaluminum parts. Sizing of the systems and production capacities
are based on operating practices at RRAD.

41 FBPS
4.1.1 QOperational Data

Heating-bed temperatures must be in excess of 650°F to remove paint from
metal parts in the FBPS. In this study and a parallel study conducted by USATHAMA
at LEAD, such temperatures were found to cause aluminum to lose its temperature
hardness (temper). Because it is impractical to incorporate a heat-treatment step to
restore temper in the RRAD paint-removal operations, the FBPS is suitable for paint
removal on nonaluminum alloy parts only, which are not affected by the FBPS operat-
iNng temperatures.

Paint, rubber, plastic, oil, grease, arid other organic coatings or residues are
removed by the FBPS. Also, parts treated in the FBPS do not have to be cleaned in a
vapor degreaser bafore treatment.

Some safety concerns are associated with the use of a high-temperature pyroly-
sis treatment system. These include burn hazards and the control of toxic off-gases
(e.g., carbon monoxide, niirogen oxides, and formaldehyde). Engineering controls,

safeguards, and monitoring are required to minimize worker exposures.




4.1.2 Waste Generation

Metals present in paints, coatings, and electroplates will accumulate in the
FBPS media. Organics are destroyed through pyrolysis or are volatilized in the hot
bed and destroyed in the afterburner. Aithough not confirmed by testing during the
program at RRAD, it is assumed that this accumulation of metals will eventually impart
the characteristic of RCRA toxicity to the meaia and cause it to be regulated as a
RCRA hazardous waste. The companion FBPS project conducted at LEAD demon-
strated that the media became contaminated with lead and was RCRA hazardous (by
TCLP testing) after only three runs. During the LEAD study, testing was conducted
with large loads of parts coated with lead-based paints. Because lead-based paints
are still relatively common in coatings stripped at RRAD, it is anticipated that spent
FBPS media will be classified as a hazardous waste. The manufacturer recommends
a biannual bed change-out, which would generate about 4000 Ib of hazardous waste
per year. Based on information obtained during the LEAD study, about 3 Ib of con-
taminated media per hour of operation would be lost through carryover, dragout, and
fugitive dust. This represented a more significant waste stream than that produced by
bed change-out. Operations of the FBPS at RRAD, however, included methods to
collect carryover and dragout and return it tc the fluid bed, which eliminated this po-
tential waste.

4.1.3 Capital and Annual Costs

The estimated installed capital cost of the FBPS ($512,000) reflects the actual
installed cost of the demonstration unit at RRAD.

Table 4-1 presents estimated annual costs of the FBPS. Treatment of a road
arm (Part No. 8756363) was used as the basis for costs. A production rate of
250 parts per week was used as the basis for calculation; this rate was based on ob-
servation and best engineering judgment. The per-part cost of $9.51 for the FBPS
reflects RRAD operations and could differ at other locations.
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TABLE 4-1. ANNUAL COSTS OF THE FBPS
(1991 dollars)

Item Cost
Labor
Operating labor, 2080 h at $20/h 41,600
Maintenance labor, 150 h at $20/h 3,000
Total 44,600

Raw Materials

Aluminum oxide makeup, 0.5 1b/h at $1.20/1b 1,250

Aluminum oxide change-out, every 2 years 2,500

Spare parts, 1 percent of capital cost 5,120

Total 8,870
Utilities

Electricity, average of 37 kWh, at 4.2¢/h, 2080 h 3,230

Water, 250 gal/h at 0.46/1000 gal, 2080 h 230

Natural gas for incinerator, 0.2 million Btu/h at $3/h, 2080 h 1,250
Total 3,710

Waste Disposal and Treatment

f Water, 250 gal/h at 0.46/1000 gal, 2080 h 230
’ Aluminum oxide made up and changed at 1.5 1b/h at 45¢/h, 2080 h 1,400
| Paint char disposal, 20,000 ft? of 10 mil coating, 100 1b/ft3, 380

i 50 percent to char at 45¢/1b

Total 2,010

Capital Recoverya

15 years, 9 percent interest ($512,000 x 0.12394) 63,460
TOTAL ANNUAL COST 123,650

250 road arms per week, 52 weeks = 13,000 road arms

COST PER ROAD ARM 9.51

3 pased on methods contained in Grant, E. L., and W. G. Iresor. Principles of
Engineering Economics. Fifth Edition. Ronald Press Co., New York, 1970.
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4.2 Aqueous Caustic Paint-Stripping Systems
4.2.1 Operational Data

Parts treated by caustic stripping must first undergo vapor degreasing. Any
rubber or plastic must be removed from the parts.

Past operational practices at RRAD incorporated corrosion removal with caustic
stripping. This was accomplished by mixing the corrasion-removal chemicals with the
caustic paint stripper, which allowed corrosion and paint io be removed in one opera-
tion. Current operations use separate tanks for these solutions.

The caustic stripper system involves no unique safety requirements other than
those normally in place during the handling of heated corrosive liquids.

4.2.2 Waste Generation

Because cctaminants gradually build up in the caustic solution and impede its
effectiveness, the solu‘ion must be periodically disposed of and replaced with fresh
solution. Caustic stripping at RRAD generates both liquids and sludges that are classi-
fied as RCRA hazardous waste. Other waste streams generated by the caustic strip-
ping process include overfiow from the rinse tank, which is discharged to the onsite
industrial waste treatment plant (IWTP), and spent TCA and vapor degreasing resi-
dues, which are disposed of offsite as hazardous waste.

4.2.3 Capital and Annual Costs

Table 4-2 shows the breakdown and total capital cost of the caustic paint-strip-
ping system at RRAD. As shown, the total capital cost for this system is $173,700.

TABLE 4-2. CAPITAL COSTS OF THE AQUEOUS CAUSTIC PAINT-STRIPPING SYSTEM
(1991 dollars)

System Component cost Total cost
Caustic paint-stripping System a 173,700
Stainless steel solvent degreasing tank 134,500,
Carben steel paint-stripping tank 19,200b
Hoist and crane 10.900
Carbon steel water rinse tank 1C.000

a
Vendor-supplied information.
b
Installed cost of test system.

Peters and Timmerhaus.
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Table 4-3 presents the estimated annual costs of the aqueous caustic paint-
stripping system. The production rate used in this calculation was 750 parts per week,
based on observation and best engineering judgment. The estimated cost per part is
$4.11.

4.3 Comparison of the Two Systems

As indicated in the preceding discussions, the cost of the FBPS is more thar,
twice that of the caustic stripping system, and it has only about 30 percent of the pro-
duction capacity. Matching the production capacity of a solvent-based system would
require either the purchase of a second FBPS or the operation of one unit on a multi-
shift basis. The latter would be the less costly option. Adding a second shift would
double all the operating costs in Table 4-1 except the capital recovery factor and result
in a total cost of $183,840 per year. Based on processing 13,000 parts per year per
shift, the operating cost per part would be about $7.10.

Another notewerthy difference in thc two systems involves safety. The FBPS
poses some safety concerns that would have to be minimized through engineered
controls, safeguards, and monitoring. The caustic stripping system, on the other
hand, involves no unique safety requirements other than those normally in place dur-
ing the handling of heated corrosive liquids.

The difference in waste generation is of primary interest. Wastes are generated
in the form of accumulated metals in the media of the FBPS system. This spent media
waste is expected to be regulated as RCRA hazardous waste. In the caustic stripping
system, contaminants build up in the caustic solution and impede its effectiveness.
This solution and associated sludges must be disposed of and replaced with fresh
solution. At RRAD, both liquids and sludges that are classified as RCRA hazardous
waste are generated. Other hazardous wastes generated by the caustic stripping sys-
tem that must be disposed of offsite include spent TCA and vapor degreasing resi-
dues.
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TABLE 4-3. ANNUAL COSTS OF THE AQUEQUS CAUSTIC
SOLVENT-BASED PAINT-STRIPPING SYSTEM
(1991 dollars)

Item Cost
Labor
Operating labor, 4160 h at $20/h 23,200
Maintenance labcr, 150 h at $20/h 3,000
Total 86,200
Raw Materials
Biannual replacement of paint stripper, 2500 gal at 60¢/gal 1,500
Caustic makeup, 200 1b/day, 7¢/1b, 260 days 3,640
Trichloroethane losses, 5 gal/day, 260 days at $6.02/gal 7,830
Spare parts, 1 percent of capital cost 1,740
Total 14,710
Utilities
Electricity, 25 kW, 2080 h at 4.2¢/kWh 2,180
Chilled water for degreaser coils, 1000 gal/h at $3/1000 gal, 6,240
2080 h
Steam, 500 1b/h at $3/1000 1b, 2080 h 3,120
Rinse water, 1000 _.1/h at $0.46/1000 gal, 2080 h 960
Total 12,500
Waste Disposal and Treatment
Degreaser sludge disposal, 5 gal/day, 260 days, 11 1b/gal, 6,440
45¢/1b
Water, 2000 gal/h at 46¢/1000 gal, 2080 h 1,9i0
Spent stripper disposal, biannual replacement, 2500 gal, 10,130
9 1b/gal, 45¢/1b
Paint sludge, 60,000 ft? of 10-mil coating, 100 1b/ft>, 6,750
1/3 paint, 2/3 water and solvent
Total 25,230
Capital Recovery®
15 years, 9 percent interest ($173,700 x 0.12394) 21,530
TOTAL ANNUAL COST 160,170
750 Road arms per week, 52 weeks = 39,000 road arms
COST PER ROAD ARM 4.11

a Based on methods contained in Grant, E. L., and W. G. Iresor.

Principles of

Engineering Economics. Fifth Edition. Ronald Press Co., New York, 1970.
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SECTION 5

CONCLUSIONS

The FBPS is not a suitable replacement for the chlorinated solvent stripping sys-
tems currently used to remove paint from aluminum and aluminum alloy parts at
RRAD. When exposed to 700 to 800°F temperatures for the 1-h residence time re-
quired to pyrolize paint, aluminum parts lost essentially all of their hardness (temper).
To use the FBPS to treat aluminum parts would require the addition of a heat-treat-
ment step, which would be impractical.

in most cases, the FBPS can remove paint from nonaluminum and non-heat-
sensitive parts without affecting the temper or causing warpage or shape distortion;
however, some parts (such as thin vent covers) may be warped. Although degreasing
is not required before treatment, the cost of using FBPS is significantly higher than the
cost of using the caustic stripper system. Costs per part for the FBPS treatment are
70 to 130 percent higher, depending on the number of shifts the system is operated.
Because not all nonaluminum non-heat-sensitive parts can be processed in the FBPS,
it cannot be used to eliminate caustic stripping. This treatment would not be suitable
for parts with crevices, channels, or cavities that would retain FBPS media and he diffi-
cult to clean afterward (e.g., engine blocks).

Metals present in the paints and coatings stripped from parts treated in the
FBPS accumulate in the bed media. These metals would likely cause the bed material
to be a RCRA-characteristic hazardous waste because of toxicity. Because media
dragout and dusts were captured and recycled, the volume of this waste was estimat-
ed to be much less in this system than in the FBPS tested at LEAD. The FBPS gener-
ates less waste on a per-part basis, therefore, the overall amount of waste generated
would be reduced regardless of the percentage of the parts treated in the FBPS. Air
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emissions were adequately controlled by the system and were within the constraints of
the State permit. Scrubber water retained some of the metals, but it was still accept-
able for treatment in the onsite IWTP.

Because these conclusions are based on testing conducted under controlled
conditions and noncontinuous operation, they should be verified by further analysis.
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APPENDIX A

DESCRIPTION OF RED RIVER ARMY DEPOT ACTIVITIES

In addition to being a repository for weapons and ammunitions, RRAD has
multiple other missions. A primary mission is the maintenance of selected military
vehicles. This maintenance activity is the subject of this summary. The maintenance
responsibility at the Depot varies, depending on military vehicles being used in the
field. Principally, RRAD is responsible for maintaining 2- to 10-ton trucks, traiters,
113-type armored personnel carriers (M577 Armored Command Post, M106 Self-Pro-
pelled Mortar, M741 Vulcan Weapons Carrier, M730 Chaparral Missile Carrier, etc.),
and Bradley tanks. It also performs some maintenance on pickup trucks and other
types of vehicles. Figure A-1 is a photograph of a typical truck processed at RRAD.

The Depot operates several types of programs for military vehicles, including in-
spection and repair programs, complete tear-down/rebuild programs, engine stocking
programs, etc. These programs can be subdivided by the following activities: compo-
nent tear-down, component cleaning, component rebuild, assembly, and stocking.

Vehicles received at RRAD are stored outside in large lots. When orders are
received regarding which vehicles are to be repaired, the fue! is drained from these
vehicles and they are moved into the disassembly area.

In the disassembly area, the large, heavy, track components and some of the
exterior armament components are removed from the vehicle. It is then moved to a
separate disassembly area, where the engines, transmissions, and remaining interior
components are removed. When the vehicle has been stripped down to the hull, it is

steam-washed. The remaining components are shipped either to further disassembly
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areas or to disposal/salvage. Some components are only partially disassembled and
others are completely disassembled before cleaning. For example, the engines are
moved to an engine disassembly area, where they are completely dismantled.

The amount of disassembly done on the vehicle depends on whether it is a
complete tear-down/rebuild candidate or is scheduled for inspection and repair. The
Depot’s missions change as the requirements of the military commands change.

Inspection and repair (I&R) are common programs at RRAD. In the 1&R pro-
grams, the vehicle is only disassembled to the point required for inspection and repair.
This program typically involves removal of such items as engines, transmissions, and
tracks; it usually does not include all the internal and external cormponents.

There are several variations of the basic Bradley tank and the M113 vehicles
(the two venhicle types from which parts were selected for evaluation in the FBPS).

The two basic variations in the Bradley (A-1 and A-2) differ primarily in engine size and
armament. Several of the other variations dea! with the housing configuration (loca-
tions of holes, exhaust ports, and other minor differences). Figure A-2 shows a sche-
matic side view of a complete Bradley.

The Type-113 vehicle includes a more extensive number of variations--12 basic
variations and several minor variations. Figure A-3 shows the 12 basic vehicle types in
the 113 family of vehicles, and Figure A-4 shows a schematic side view of a complete
113 Tracked Armored Personnel Carrier. Each of these different vehicles carries differ-
ent identification name plates, but all are similar with regard to engines, transmissions,
and basic running gear and chassis design.

The Depot is divided into several specific areas for cleaning and repair, includ-
ing Buildings 333, 345, 348, and the Body Shop. Each of these buildings has numer-
ous processing areas. Building 345, for example, contains several cleaning shops,
welding shop areas, disassembly and repair areas, transmission and hydraulic repair
areas, a plating shop, machine shops, and various office areas.

When the vehicles are released for repair, they are taken to Building 345, first
floor (345-1), Row 1, Column W, where the tracks and the largest parts are removed.

A-4
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Figure A-5 shows a schiematic of a Bradley tank, and Figure A-6 is a photograph of an
actual Bradley tank with the side armor removed in this area.

After the parts removal in Building 345, the vehicles are moved either to tempo-
rary storage or to Building 333. In Building 333, the vehicle is first taken to the hull
disassembly area, where the remaining parts are removed and placed in pallets. Fig-
ure A-7 is a photograph of a vehicle being disassembled in this area.

At this disassembly area, parts are broken down into several categories: those
requiring further disassemboly, those to be cleaned, and those intended for salvage.
Some of the parts sent to cleaning are not fully disassembled. Parts to be cleaned are
distributed to the following areas: Body shop, Building 345 wash rack, sand blasting,
Building 348 wash rack, or Building 345 Line 10. Some parts are cleaned and then
disassembled further; some are cleaned and then worked on as assemblies. The
degree of disassembly and whether the part is cleaned before further disassembly
depends on the workload as well as the specific configuration of the parts. Those
determinations are typically made by the Depot and are subject to change depending
upon the processing capabilities at the time the parts are processed.

The cleaning activities at RRAD are divided into the following general categories:
washing, abrasive cleaning, degreasing, chemical cieaning, and manual cleaning with
various brushes and other mechanical methods. Washing includes steam cleaning,
soap-and-water wash, and water blast. Abrasive cleaning includes walnut hull, silica
sand, stainless steel shot, aluminum oxide grit, glass bead, etc. Those operations are
carried out in automated blast cabinets (for things such as the vehicle hulls), in small
hand cabinets (for some smaller components), in larger fully enclosed cabinets (for
larger parts), or in rotoblast type equipment. Degreasing involves the use of such
components as 1,1,1-trichloroethane vapor degreasing and other degreasing agents
(e.g., Stcddard solvent). Chemical cleaning includes various paint-stripping agents,
such as methylene chloride and caustics, as well as various rust-removal and corro-
sion-removal components.

Parts considered to be candidates for the fluidized-bed paint stripper were
found in various cleaning and disassembly areas. During repair programs, vehicles of
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Figure A-5. Bradley leit side bolt on armor.
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a specific type are accumulated and all vehicles of that particular type are processed
together. This produces specific collections of parts for cleaning and rebuilding at
different times within the Depot. Typical campaigns can last from a few weeks to
years, and different campaigns can be ongoing simultaneously in different parts of the
Depot. Therefore, different collections cf parts were available at different times for
evaluation in the FBPS.

The three major cleaning areas from which parts were taken are Building 348
(although RRAD discontinued use of this building shortly after all field data were taken,
it was active during the testing and a discussion of activities in that building is still
relevant to this report}); Building 345, first floor (North Wash Rack); and Building 345,
second floor. Each of these areas had several cleaning lines.

The various cleaning processes affected by the FBPS in each area can be divid-
ed into three general categories: degreasing, aluminum or nonferrous cleaning, and
ferrous cleaning. Early in the evaluation of the FBPS, aluminum parts were eliminated
as candidates for processing in the FBPS because the operating temperatures re-
moved temper from aluminum parts and all aluminum parts investigated at RRAD were
so treated or conditioned. Therefore, only the ferrous cleaning operations are affected
by operation of the FBPS. Current processing at RRAD includes corrosion-removal
and paint-stripping operations. Inasmuch as FBPS does not remove corrosion, chemi-
cal corrosion treatment is still required on many FBPS candidate parts. Thus, the
current chemical cleaning operations would have to be modified if the F3PS were
used. Such modifications are the subject of other ongoing stucies at RRAD and other
depots and are not addressed in this report.
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SECTION I. INTRODUCTION

This test plan provides specific information on parts pro-
cessed in the fluidized bed paint stripper (FBPS) at the Red
River Army Depot (RRAD) will be evaluated. Included is a brief
introduction on how the fluidized bed works, a discussion of the
test objectives, and specific test procedures and methodologies.
The U.S. Army Toxic and Hazardous Material Agency (USATHAMA),
through its contractor, PEI Associates, will purchase and install
a Procedyne Corporation FBPS at the RRAD. The FBPS is a produc-
tion unit used to remove paint, oils, and greases from metal
parts by immersing the parts in a fluidized bed of aluminum oxide
granules maintained at temperatures high enough to pyrolyze or-
ganic matter. Typical temperatures range from 700 to 1,000°F
with residence times in the bed of approximately one hour. Usu-
ally there is insufficient oxygen in the bed to support combus-
tion. Therefore, organic matter on the parts and in the coatings
(paints and primers) are pyrolyzed in the FBPS to carbon and
carbon monoxide. An inline gas-fired incinerator burns the car-
bon monoxide and fluidizing bed gases. The products of combus-
tion are exhausted through a water venturi scrubber to the atno-~
sphere.

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

The FBPS is an alternative to solvent-based paint stripping
systems. Solvent-based paint stripping systems typically use

methylene chloride and other chlorinated solvents. The solvents
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chemically destroy the organic binders in the paint. Once de-
stroyed, the remaining coating material is removed with washing
action or shotblasting before recoating.

Typically, chemical paint stripping solvents are toxic and
volatile. Methylene chloride, the most commonly used solvent, is
especially volatile (boiling point 40°C or 104°F). The chemical
paint stripping process generates sludge. The sludge consists of
stripped coatings contaminated with paint stripper solvents. The
sludge is listed as a categorical hazardous waste and must be
disposed of as such. PEI and USATHAMA believe that installetion
of the FBPS will reduce atmospheric releases of stripper com-
pounds (mostly chlorinated solvents) and reduce the volume of
hazardous wastes requiring disposal. Therefore, the objective of
this test program is to demonstrate that the use of a FBPS will
reduce hazardous waste while satisfactorily removing coatings (or
assisting removal) and facilitate reuse of parts at the RRAD.

A FBPS is an alternative to chemical paint stripping. How-
ever, the FBPS uses high temperatures that may affect the parts
(temper, hardness, metallurgy, physical dimensions etc.). There-
fore, this project must, besides determining the FBPS's useful-
ness as a hazardous waste minimization process, determine which
parts can be processed in the FBPS and the appropriate processing
steps and conditions. This test plan defines how this will be
done.

The test plan is divided into sections. Section IT discuss-
es the objectives of the test plan. Section III discusses the
test parameters. Section IV describes the methods of parts cate-
gorization, procedures for determining if processing should be
attempted, and a part's ranking system that allows processing of
the most likely candidate parts first. Section IV also includes
several decision trees that describe how the categorizing and
ranking are done. Section V presents the forms used to record
parts data on the evaluated parts. Section VI describes
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pre-operational testing planned for selected parts. The pre-
operational testing provides more detailed data used to revise
the test plan before the actual operational testing in the demon-
stration bed. Section VII discusses operational test data and
the how the data will be used in the operational demonstration
testing. Section VIII discusses the operational tests. Section
IX discusses how data is evaluated. Section X describes sections
of the report prepared after completion of the testiny.

The test plan is a fluid document that will be revised as
the testing progresses. The test plan will be maintained in a
loose-leaf binder and periodically updated. Distribution of the
document is controlled and each copy numnbered and assigned to a
specific user. Updates will be issued on an as needed basis to
the plan holders. The plan holders will be responsible for re-
placing the revised pages and removing and discarding replaced
pages. Each page will be identified by revision number, section,
page number, and revision date. A revision history is included
in the Preamble.
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S8ECTION II. OBJECTIVES OF THE TEST PLAN

The FBPS testing has five objectives:

Find appropriate FBPS operating conditions for various
parts/coating systenms.

Establish the effect of the FBPS on the cleaned parts.

Prepare a technical report on the appropriate uses of
the FBPS.

Train RRAD personnel to operate and maintain the FBPS.
Determine the FBPS effect on waste generation at RRAD.

This section of the test plan outlines how the testing pro-
cedures will be used to meet the objectives. Processed parts
will be identified and data on their "before" and "after" condi-
tions recorded. Satisfactory demonstration of the FBPS operation
may require additional processing (for example, parts may require
secondary cleaning in a low-energy shotblaster). Also, parts may
require additional processing, such as heat treating, chemical
washing, coating treatments, etc. Once cleaned, parts will ke
reconditioned, pending satisfactory evaluation, and placed back
in service. No part will be placed in service until the prcject
manager determines that the FBPS did not adversely affect the
part.

Parts will be evaluated in a step-wise fashion. For exam-
ple, the condition of parts before the FBPS, after the FBPS,
after secondary cleaning, after intermediate treating, after
final recoating/reconditioning. Such a step-wise evaluation
process will simplify evaluations and he more effective in the
management of available resources.
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A. Define FBPS Omerating Conditions

Three areas define the FBPS operation: the coatings and
parts; the bed conditions; and pre- and post-part treatments.
Each operating area has a unique set of evaluation criteria. By
examining each area separately, the process of understanding the
operating parameters is simplified.

1. Coatings and Parts

Current operating experience is limited. This task will
eventually define what can be processed. Now, data are insuffi-
cient to define operating conditions. The coatings allowed in
the FBPS have two components: organics (paint organics, oils,
greases, binders) and inorganics (pa’nat solids, paint fillers,
cadmium, zinc, electroless nickel, electroplates, aluminum ano-
dizing, etc.). The more common paints and primers that will be
processed in the FBPS are:

° MIL-C-22750 Coating, Epoxy-Polyamide

° MIL-C-46168 Coating, Aliphatic Polyurethane, Chemi-
cal Agent Resistant

° MIL-P~53022 Primer, Epoxy Coating, Corrosion Inhibi-
tant, Lead and Chromate Free

° MIL-C-53039 Coating, Aliphatic Polyurethane, Single
Component, Chemical Agent Resistant
The greases and oils are lubricants. Some parts have cadmium or
zinc electroplates. The 700~1,000°F operating temperatures are
above the melting point of cadmium and can be above zinc's melt-
ing point.

The FBPS bed temperature is expected to remove cadmium elec-
troplates. The cadmium will oxidize to cadmium oxide in the
FBPS. 2Zinc metal melts at 419.6°C (787°F) and nmay be removed in
the FBPS depending on the bed operating conditions. The zinc
either converts to oxides and exits the bed as char or an air
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contaminant, or liguefies and remains in the bed on coo.e> bed
parts until physically removed. Part of the test progr . is to
determine the fate of zinc and cadmium electroplates in the bed.
These and other heavy metals are potentially damaging to the
envircnment and require special attention before processing.

Most of the other inorganic coatings (including paint inorganics)
will not be removed in the FBPS. For example, chromium and nick-
el electroplates, anodized aluminum coatings, aluminum chromate
conversion coatings, and zinc phosphate steel coatings should be
unaffected by the FBPS.

Evaluation of the parts is necessary since the project ob-
jectives include verification of the effect of the FBPS on the
inorganic coatings. Normal processing requires dimensional
checking of hard chrome and nickel plated parts (mostly bear-
ings). This information is also used to verify dimensional sta-
bility after cleaning. These surfaces are replated, if neces-
sary, after cleaning to restore them dimensionally. Other
cleaning processes typically remove the other coatings as part of
the reconditioning process. While heating may weaken these coat-
ings through thermal stress, differential expansion between the
base metal and plating, and phase changes, the FBPS will not
appreciably remove them.

Thousands of parts are possibly processed at RRAD. The
testing will identify the various metal parts. Metal parts pro-
cessed in the FBPS are possibly aluminum alloys (5083, 5086, and
6061), aluminum castings (355 or 356), carbon steel, cast ivron,
and possibly stainless steel. Metals processed frequently re-
ceived tempering treatments such as H32, H1l1ll, H321, T4, Té, and
T823. The testing includes assessment of the effect of the FBPS
on temper. The test program includes testing to restore temper,
if necessary, and includes in the project reccmmendations operat-

ing procedures to restore temper.
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Specific types of parts must be excluded from the FBPS. For
examine, polyvinyl chleride (PVC) and other plastics cannot with-
stand the operating temperatures of the FBPS. Under the bed
conditions, these components will burn/pyrolyze and be destroyed.
Additionally, because of their high organic content, they can
produce more pyrolysis products than the system can handle and
atmospheric emissions not permitted for the system. Parts con-
taining plastics, such as Part Number 11634072, Cover, Insulated,
cannot be processed in the FBPS. Parts with solder connections
should not be processed in the FBPS since the solder will melt,
destroy the connections, and possibly cause unpermitted emis-
sions. Parts having components that would be destroyed at the
FBPS operating temperatures should not be processed in the FBPS.

This test plan proposes to us shotblasting to remove the
char residue from parts after pyr -._is in the FBPS. Therefore,
parts that cannot be shotblasted may be unsuitable for cleaning
in the FBPS. For example, Part Number 11010703, Scoop Disc Sub-
assembly (an aluminum casting):; the specifications prohibit shot-
blasting the part. Similar restrictions may make other parts
unsuitable candidates for processing in the FBPS unless the use
of low energy shotblasting or other cleaning techniques are ac-
ceptakle alternative cleaning systems. Special consideration of
steel shot cleaning is required for cleaning of aluminum parts to
prevent steel contamination of the aluminum parts.

Magnesium parts cannot withstand bed operating temperatures.
Bed conditions could cause magnesium parts to ignite and cause

significant damage to the system through fire or explosion.
2. Bed Conditions

The bed conditions are complex and the testing will inves-

tigate only four bed variables:

1. bed atmosphere,
2. part geometry,
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3. bed temperature, and
4. bed residerice time.

Testing will review other bed conditions but not thoroughly in-
vestigate them; these inciude:

1 Cooling rates

2. Cooling medium (sand, water, air, etc.)

3 Heat transfer medium

4 Long-term bed effects (greater than three months of
operation)

Multiple cycles thrcugh the bed

Synergistic effects of mixtures of various coatings and
base metals and of simultaneously and seguentially
processed parts.

S,

Normally the bed atmnospliere is reducing, using compressed
air for fliuidization. Combustible materials will only partially
burn in the bed. If possible the testing will investigate the
effects of a nitrogen atmosphere on various part parameters.
Also, steam and argon may be investigated as fluidizing mediea to
understand how changes in the bed atmosphere affect the various
parts. Primary investigations will be with atmospheric air, and
all other atmospheres will be judged in relationship to the pri-
mary operating conditions. The plan will not attempt to vary
fluidization rates; manufacturers recommendations will be fol-
lowed.

Bed temperatures can be varied from amtient to 1,000°F. The
testing will experimentally cet bed temperatures. 1Initially the
bed temperatures are estimated to vary from 700-900°F with a
nominal temperature of 750°F. The testing will determine the ef-
fect of bed temperature on the part/coating system and the opti-
num system cycle tire.

Residence time and bed temperature are closely related; the
testing will investigate both. A typical bed residence time is
30 minutes at 650°F for an acrylic paint and up to two huurs for
a high solids chemical resistant epoxy paint system. Testing

will determine optimrumn times for various paint/part systems based
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on minimum residence time to produce a satisfactorily cleaned
part. This includes the influence of downstream processes to
remove char.

The FBPS will remove different ccatings. These coatings

will include:

1. Epoxy-Polyamide (MIL-C-227501),

2. Aliphatic Polyurethane (MIL-C-46168),
3. Epoxy Coating Primer, and
4. A second Aliphatic Polyurethane (MIL-C-53039).

Some coatings may be more cdifficult to remove and require adjust-
ing the FBPS operating parameters to obtain satisfactory results.
The shape, type of metal, and arrangement of the parts in
the FBPS may influence oper2ting parameters. Evaluation of base
metal and part geometry = .. .pendent upon variables, such as:
° Time r¢r 2 ra2ri to come to bed temperature. For exam-
ple, a thin part may come to bed temperature faster

than a thick part, such as a motcr block, and require
less time in the bed.

Ratio of recessed areas to flat exposed surfaces.
Coatings may be removed from a flat coated surface
faster than form a recessed surface.

Variations in base metal coating systems. For example,
epoxy coatings may be removed from aluminum at a dif-
ferent rate than from stcecel.

Tempered and/or heat treated parts may not be suitable can-
didates for FBPS cleaning. This test plan describes testing be-
fore and after the FBPS to determine the effects of the FBPS on
such parts. Varying operating conditions may minimize or elimi-
nate damage to these parts.

3. Pre- and Post-Part Treatments

Included in this test plan are procedures for tracking and
evaluating the effects on parts of pre- and post-treatments, the

effect of these treatments on the operation of the FBPS, and on
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the part's suitability for cleaning in the FBPS. Testing will
collect data on current pre-~ and post-treatments and estabiish
this as a base of comparison. Once a base of comparison is set
for a part and coating system, the effect of varying the pre- and
post~treatments will be investigated. The investigation will
determine if such treatments have a beneficial effect. Benefi-
cial effects are such things as better finished part quality,
reduced enerqy usage, reduced generation of hazardous waste,

reduced use of cleaning agents, reduced atmospheric emissions,
etc.

B. Establish Incidental Effects of the FBPS on Coatings_and
Metals

The FBPS is not intended to remove or effect nickel and
chromium electroplates, anodized aluminum coatings, aluminum
chrome conversion coatings, zinc phosphate steel coatings, and
metal heat treatments. Except hard chrome and nickel plated
bearings, further processing removes and replaces these coatings.
Testing identified in this test plan and done on plated bearings
will determine the effects, if any, of the FBPS on the nickel and
chromium electroplates.

Cleaning parts in the FBPS at 700 to 1,000°F may affect
metal heat treatment and tempering. This plan establishes test
procedures to determine the effects of the FBPS on heat treated
parts.

C. Prepare a Technical Report on the Appropriate Uses of the
FBPS

This test plan describes the what, why and how of tecting.
The test plan also describes how the information collected will
be reported. The reporting serves to inform RRAD of the test

results and will guide other Depots and potential users of the

FBPS in establishing operating conditions. The technical report
produced from this study will include details on the following:
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Part description

Coating description

. FBPS description

Emissions testing results
Parts/coatings evaluations
Recommendations

CUOEWNP

Results of the tests will be included in the technical re-
port. Accepted guality control procedures will be followed in
all testing and referenced in this test plan and report.

D. Train RRAD Operating and Maintenance Personnel

The FBPS will provide satisfactory service only if properly
operated and maintained. While Procedyne Corporation, the equip-
ment vendor, will provide most of the formal training, the test
program will provide hands-on training and experience. The test
program will provide an improved understanding of the selection
of proper operating parameters and parts that must be kept out ot
the system (soldered electrical connections, for example). The
test plan establishes training procedures and how additional
information learned during the test period will be incorporated
in the operating manual and taught to the system operators.

E. Environmental Emission Testihg

PEI will conduct atmospheric emission testing as part of the
complete test program. A separate test plan will be developed
for the environmzntal emissions testing. This test plan will
include procedures for controlling operations durinj environmen-
tal emissions tests and on coordinating testing of the FBPS and
the atmospheric emissions test.
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SECTION III. TEST PARAMETERS

The testing is divided into the following segments to facil-
itate evaluation of the test results and simplify data collec-
tion: Pre-FBPS , FBPS, Post-FBPS, and Parts Finishing Systems.
Each of these segments represents unique data collection and
testing. Evaluation of the project by segments will reduce the
amount of data collection and the complexity associated with de-
termining vhat parts to process and how to process them. Step-
wise evaluation is practical because these processes are indepen-
dent. Additionally, a stepwise evaluation facilitates ranking

parts and makes processing the most likely candidate parts first
practical.

A. Pre-Fluidized Bed Paint Stripper

Parts cleaned in the FBPS have been processed some before
reaching the FBPS. Some of these pre~-FBPS processing steps may
be important in the overall determination of the effect of the
FBPS on the part. The FBPS's usefulness can fairly be determined
only by understanding these operations and how they affect the
FBPS operation.

The pre-FBPS operations consist mostly of cleaning (steam,
chemical baths, chemical washing, water washing, etc.) and disas-
sembly. Steam cleaning is used to remove surface grime. It is
also useful for reducing the o0il and grease load to the FBPS.

The removal of surface grime may be necessary as a particulate
emissions reduction technique or to prevent excessive buildup of
particles in the FBPS that do not fluidize properly. Where pos-
sible or useful steam cleaning will be used on parts prior to
processing in the FBPS. Likewise chemical washing either as an

additive to a steam or high pressure water wash or in a wash tank
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can be used to reduce o0il and grease, and grime loads to the FBPS
before processing.

One of the intentions of the testing is to try and eliminate
vapor degreasing even though vapor degreasing could be useful
(l1ike steam cleaning and chemical washiny) to reduce the quantity
of combustible material charged into the FBPS. Depending on the
type of part and quantity of combustible material on a part vapor
degreasing or other degreasing techniques may be necessary on
parts before processing in the FBPS.

Further disassembly may be required for some parts. For
example, a part may be damaged if processed in the FBPS with
bearings in place. If the bearing will be removed and replaced
after cleaning, removing the bearing before processing may pre-
vent possible damage to the part because of differential thermal
expansion. However, if the bearing can be left on the part while
processing in the FBPS without adverse affects then further dis-
assemble would not be necessary. Additionally, disassembly may
be useful as a size reduction technique or to improve the "free
flowing" configuration of a part.

Excluding selected parts from processing is an integral part
of the Pre-FBPS operation. Parts are excluded that would be dam-
aged by processing in the FBPS or cnes that, by specification,
cannot be subjected to the FBPS operating temperatures. Excluded
parts include ones with plastics, solder, magnesium, excessive
0il and grease, asbestos, or other materials that would create
environmental or health hazards. Such parts will be identified
in the initial screening process and the FBPS operator trained by
the project manager in their recognition. During the course of
this project additional test parameters regarding pre-processing
of parts will be developed. As the additional parameters are
developed they will be integrated into this test plan.
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B. Fluidized Bed Paint Stripper

Three areas during the FBPS operations require data collec-
tion and allow for variability in the process; the hot bed, the
transition from hot to cooling beds, and parts cooling. For the
hot bed the primary test parameters are temperature and residence
time. The bed temperature is key to the pyrolysis process and
effects the residence time. Bed temperature can also affect the
parts (temper, hardness, etc.). These will be monitored closely
during processing of each part. Secondary hot bed processing
parameters are the bed atmosphere (normally compressed air) and
fluidizing rate (controlled to manufacturer's recommendations)
these will not be monitored continuously. Because of the hazard-
ous waste minimization nature of this project, the hot bed utili-
ty use (electricity, air, water, sewer) will be monitored.

The transition from the hot bed to parts cooling can affect
part metallurgy. As part of the process description of each
parts batch the FBPS operator will record the time to move the
parts from the hot bed to the cooling bed, the movement method,
and conditions of the move. This information may prove valuable
in determining optimal processing methods and controlling metal-
lurgical affects on parts.

Real time temperature changes in parts as they are processed
could affect part metallurgy. No plans are included for such
monitoring at this time. However, should the need arise, the
project manager will develop such plans and have the plans in-
cluded in the test plan.

All other monitoring will be done using dial type thermome-
ters, stop watches, and system temperature indicators. This in-
cludes monitoring of ambient temperatures in the shop area and in

the FBPS enclosure during part movements from the hot to cooling
bed.
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Parts cooling is another key area with regards to part met-
allurgy. Three methods of cooling will be tried; fluidized bed,
water quench, and air cooling. The FBPS is initially configured
for fluidizied bed cooling. Plans for air and water cooling will
be developed and added to the test plan. For each method data on
the cooling time and the before and after temperature of the
cooling bed or fluid will be recorded by the FBPS operator. Ad-
ditionally, the Project Manager will collect a complete de-
scription of the operation describing how the specific cooling
method was accomplished. An initial set of processing parameters
has bheen developed and is shown in Table 1.

C. Post~Fluidized Bed Paint Stripper

Post-processing (less finishing) is divided into five cate-
gories; media blasting (sand, stainless steel, walnut hulls, wa-
ter, steam, etc.), chemical wash (caustic, corrosion inhibitors,
acids, etc.), tumbling, heat treating, and others. For each part
an appropriate combination of post-FBPS processes will be chosen
by the project manager and RRAD staff. The choices will be based
on part specifications and how well the part was cleaned in the
FBPS. It is only through experimentation that the appropriate
processes can be determined. As parts are tested and various
post-FBPS processes used, data will be added to this test plan
identifying the specific evaluation criteria and methods for de-

termining process cleaning methods.

D. Parts Evaluation and Control

After parts are processed, they must perform as designed.
No parts will be placed in service without approval of the pro-
ject manager. Initial testing will be done on scrap parts fol-
lowed by closely controlled tests on actual parts. As actual
parts are processed in the FBPS, they will be meticulouzly tested

before being put into service. The first parts tested will be
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TABLE 1. PROCESSING CONDITIONS

HEAVY FERRQUS

A. Heavy ferrous parts painted with no oil or grease
Hot bed for 80 minutes
Cooting bed for 80 minutes with media blast

8. Heavy ferrous garts with oil or grease
Hot bed for 60 minutes
Cooling bed for 60 minutes with media blast

C. Heavy ferrous parts painted with oil or grease
Hot bed for 120 minutes
Cooling bed for 120 minutes with media blast

LIGHT FERROUS

A, Light ferrous parts painted with no oil or grease
Hot bed for SO minutes
Cooling bed for SO minutes with media blast

B. Light ferrous parts with oil or greasse
Hot bed for 40 minutes
Cooling bed for 40 minuies with media blast

C. Light ferrous parts painted with oil or grease
Het bed for 60 mirutes
Cooling bed for 60 minutes with media blast

HEAVY ALUMINUM

A. Heavy aluminum parts painted with no oil or grease
Hot bed for 4C minutes
Cooling bed for 40 minutes with media blast

B. Heavy aluninum parts with oil or grease.
Kot bed for 30 minutes
Cooling bed for 30 minutes with media blast

c. Heavy aluninum parts painted with oil or grease,
Hot bed for 50 minutes
Cooling bed for SO minutes with medio blast

LIGHT ALUMINUM

A. Light aluminum painted with no oil or grease.
Hot bed for 40 minutes
Cooling bed for 40 minutes with media blast

8. Light aluminum with oil or grease.
Hot bed for 30 minutes
Cooling bed for 30 mirutes with media blast

c. Light aluminum painted with oil or grease.
Hot bed for 50 minutes
Cooling bed for S0 minutes with media blast
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uniquely marked. The marking system will be developed in the
field in conjunction with RRAD staff and RRAD managers to track
parts and facilitate evaluation of any unanticipated field prob-
lems.

Mechanical testing will include determining the following,
as appropriate: part dimensions, flatness/warpage, hardness,
tensile strength and stress crack checks. Each of these tests
will be done as needed on the first parts processed. Need will
be determined based on the part use, part specifications, and
judgment by the Project Manager. Where appropriate, the testing
will be done by RRAD using routine testing techniques such as
magnaflux, dye test, hardness testing, etc. Where additicnal
testing is regquired, it shall be conducted at the direction of
the Project Manager.

E. Part Finishing Systems

Painted parts will be tested for; paint adhesion to part,
and salt spray/corrosion protection. Typical paints used meet
various military specifications (mil specs). The following are
the mil specs referenced most commonly; Epoxy-polyamide, Mil-C-
22750, Aliphatic Polyurethane Coating, Mill-C-4¢167, Aliphatic
Polyurethane Coating, Mil-C-53039.

Plated parts (cad, zinc, hard anodized, electroless nickel,
chrome, etc.) will be tested for; plating adhesion to part, cov-
erage, wear, and corrosion. Machined Parts will be tested for:
dimensions bearing surfaces integrity, surface hardness, and
machinability.

Many parts processed are old and painted with older paint
systems such as:

TT-E-485, Enamel;

TT-E-529, Enamel;

MIL-P-1757, 2Zinc chronate;

TT-P-636, Red oxide:
MIL-C-52128, Forest green; and others.
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Evaluation of these systems will be on the basis of how well they
are removed in the FBPS. Removal of these systems in the FBPS

result in special consideration of environmental emissions.
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SECTION 1IV. CATEGORIZE PARTS

Because of the variability cf the parts processed a method
of categorizing the parts is necessary. There are several param-

eters important to parts categorization;

° Part is free-flowing;

° Combustibles;

° Environmental emissions;

° Size, shape, «nd coating; and

° Structural and/or mechanical integrity of the part.

A decision tree forms the basis of categorizing parts.
Information on a part is collected in response to guestions asked
in the decisiorn tree. Depending on the responses, the part is
assigned a rank, as is indicated in the decision trees. The
overall decision process is presented in Figure 1. Blocks 1, 2
and 3 are further expanded in Figures 2, 3, 4, and 5. As ques-
tions asked by each decision tree are answered, a part rank is
assigned. The rankings are 1 to 4. Rank 1 parts are considered
to have the best chance of successfully being processed. Rank 2
parts may be processable with moderate additional processing.
Rank 3 parts may require extensive additional processing, and
Rank 4 parts are not considered processing candidates. As parts
are tested, their rank can be changed depending on the results of
testing. For example, a Rank 3 part can be changed to a Rank 1
part if it can be successfully processed. Likewise, a Rank 1
part can be changed to a Rank 4 if it cannot be successfully re-
used.

The decision trees include two types of ranks: absolute and
adjustments. An absolute rank is an assigned rank and takes
precedence over the part's current rank. Adjustments are added

or subtracted from the part's current rank.
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Etc. (Partto be
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The processing decision is made based on the physical prop-
erties of parts. The ranking process will be revised as the pro-
ject progresses. The tentative ranking system developed is based
on preliminary information. The following discusses the major

factors considered in ranking parts.

A. Part is Free-Flowing

Effective operation reguires that parts placed in and with-
drawn from the FBPS not carry out the aluminum oxide heat trans-
fer medium used in the bed. Also, the parts processed must allow
the aluminum oxide to flow throughout the part to insure that the
part is uniformly heated. The project manager and FBPS operator
shall review, as part of the part categorization, the part geome-
try. The FBPS operator will determine if ¢<he part can be placed
into the bed in such a manner that it will no%t trap the fluidiz-
ing media. The FBPS operator will help to control the circula-
tion of the fluidizing media by appropriately stacking/loading
the parts into the fluidized bed.

B. Minimize Combustibles

The fluidized bed heats parts to temperatures high enough to
ignite most combustible materials (paint, oils, grease, plastic,
foams, etc.). The syster is designed to operate with an oxygen
deficient environment and, thus, pyrolize most of the combusti-
bles. The amount of combustibles that the system can burn is
limited. Under normal operating conditions the bed is limited to
the eguivalent of 35 pounds of o0il in a single charge. To mea-
sure the amount of combustibles included with a typical charge is
impractical. Therefore, combustibles will be controlled by the
FBPS operator by inspection and judgment. This requires that the
operator have the authority to refuse to process parts if he

believe: that they contain excessive combustibles, PVC, or halo-

genated materials.
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Additional procedures are in place that require review of
which parts are processed in the FBPS. These procedures require
rejection of parts that have excessive combustibles. Sometimes
this will require testing to measure the amount of combustible
material on the part.

Testing will be done gravimetrically. Parts will be weighed
to within 0.1% of the part's weight. The weight of the part will
be recorded and the part cleaned, as appropriate, of all combus-
tible material and the part reweighed. The quantity of the com-
bustible material is then determined by difference. By inspec-
tion and knowledge of the type of material the oil equivalence cf
the combustible material (based on tihe heat content of the mate-
rial) will be determined and recorded. From this information the
project manager will determine if the part is suitable for pro-
cessing.

C. Environmental Emissions (Cadmium, Zinc, PVC's, Oil & Grease,
Etc.)

The FBPS is egquipped with an emissions control system to
minimize environmental emissions. The system has two components;
an afterburner to control hydrocarbons and the pyrolysis products
and a wet venturi scrubber to control the particulate emissionc.
The afterburner is a natural gas fired combustion chamber that
incinerates all combustible materials and convert them to water .
vapor and carbon dioxide.

The air permit for the unit has specific cperating limits
and environmental emissions limits and does not allow processing
of parts that contain PVCs and halogenated materials. Bacause
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 <an k2 charged into the FBPS. The after-
burner has finite limits or. the quantities of material that it

can incinerate (35 pounds of o0il eguivalent). The wet venturi
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scrubber has limitations on the kind and quantity of material
that it can effectively control (particulate). Heavy metals are
of special concern, especially Cadmium and Zinc.

Cadmium and Zinc are common plating metals used on parts
planned for processing in the FBPS. At the bed temperatures
these metals probably will volatilize and/or oxidize and leave
the bed. In the afterburner any metal vapors will be converted
to oxides and pass to the venturi scrubber. The scrubber is a
low energy venturi and is expected to have a morderate collection
efficiency on the metal oxide particles found in the process. To
keep emissions of these oxides to acceptable levels the amount of
the metals charged into the FBPS must be controlled. Control of
these materials will be the responsibility of the FBPS operator.

The operator will be responsible for regulating the quantity
of these metals charged into the bed. Basic information from
drawings and knowledge of the parts will define which parts po-
tentially have cadmium or zinc plating. Suspect parts will be
visually inspected to determine if they do or could have plating.
If the part is suspect 1t will be treated as if it is plated.
From Table 2 the operator will determine how many of the particu-
lar part can be charged to the FBPS and limit the charge to that
amount. The prcject 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. The instruc-
tions will include a copy of Table 2 that shows the number of
parts per charge and the weight of plating per unit weight of
charge so the FBPS cperator can determine the allowable number of
parts per charge. The operator will determin2 the weight of
cadmium and zinc charged and limit the amcunt of charge to ac-
ceptable limits.

Lead and chrome are used in coatings processed in the FBPS.
The fate of these metals will be determined cauring the project.

It 1s theorized that most of the lead and chronme will rerain with

B-34




Revision No. __0
Section No. _IV
Page _10 of _14
Date May_S5, 1990

TABLE 2. DPART GEOMETRY AND QUANTITY OF PLATED

Number of parts
Part geometry charge per charge

1/4 to 1/2 diameter 2,000
and 1 to 2 inch length

1/4 to 1/2 diameter 700
and 2 to 6 inch length

1/2 to 1 diameter 1,000
and 1 to 2 inch length

1/2 to 1 diameter 350
and 2 to 6 inch length

1/2 to 1 diameter and 60
greater than 6 inch length

1 to 2 diameter 100
and 4 to 10 inch length

l to 2 diameter 30
and greater than 10 inch

For other configurations compute the plated surface area.

Each charge is limited to 50 square feet each of cadmium and
zinc.
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the char on the parts; however, this will be verified during the
project.

D. Size, Shape., and Coating

The parts will be categorized by whether they are thin,
thick or compliex sections. For example, a flat plate like panel
of less than 10 gauge material is considered a thin section where
a connecting rod, bolt, or casting is a thick section. Complex
sections are typically fabricated parts, like a support bracket
or an engine block.

Besides the type of section, parts will be categorized by
the coating system. The coatings are paints, plating, and oils
and greases. Paints are further divided into the CARC (chewmical
agent resisting coating), polyurethanes, and enamels. Plating
are divided into Cadmium and Zinc and others such as Electroless
nickel and chromium. Oils and greases are categorized as a com-
bustible material and their input will be controlled. Each of

these categories may effect the way a part is processed.

E. Structural and/or Mechanical Inteqrity

As parts are tested, the bed operating temperature could
alter the structural and/or mechanical irtegrity of parts. Spe-
cific tests will be performed on selected parts to verify what
effect processing in the bed has on a part. The tests will be
directed by the project manager based on knowledge of the part's
metallurgy and how bed temperature would affect that metallurgy.

Work hardening and temper are two of the more important
properties of the parts that will be considered. If the work
hardening and/or temper of a part will be changed and could not
be restcred after processing in the FBPS or removed without ad-
versely affecting the part, the part is not a candidate for pro-
cessing. The FBPS will remove all work hardening and temper from
the aluminum parts.
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1. Ferrous Parts

Ferrous parts tend to be less effected by the bed tempera-
tures. They are less likely to have a special temper or heat
treating that could be damaged by processing in the FBPS. Howev-
er, some ferrous parts can be damaged at bed conditions and each
part must be investigated to determine if the part will be dam-
aged by processing in the FBPS.

2. Non-ferrous Parts

The non-ferrous parts are mostly aluminum. The aluminum
parts represent some unique situations because of work hardening
and temper. For reasons similar to those for the ferrous parts
the non-ferrous parts are categorized by simple thin and thick
sections, complex sections, coating systems and metal treatments.
Additionally the non-ferrous parts are categorized by whether
they have been tempered, work hardened, or surface hardened.

They also are categorized by alloy.

Determination of the temper, alloy, hardening etc. requires
review of the part specifications usually contained on the part
drawings. This review is a part of the total evaluation process
and will be done on a part by part basis. Once determined a part
will be categorized and a decision made by the project managers
on whether the part is a potential processing candidate and its
rank.

Castings and wrought aluminum alloys may require different
processing and are therefore a potential category. This informa-
tion will be determined during the initial evaluations of the
parts by the project managers. Tne information on the part will
be found with the part specifications and drawings and will be
recorded by the project manager during the evaluation of the
part.
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F. Excluded Parts

PVCs will not be allowed in the bed. The incinerator has
the capacity to incinerate them and the scrubber can control most
of the combustion product. However, the operating permit does
not allow them in the bed.

Parts that have solder or solder like materials will not be
processed in the bed. The FBPS operator must kKnow which types of
parts might have solder or solder like materials and make sure
that these parts are not processed in the FBPS.

Parts that contain foams, plastics, paper, cloth, webbing,
etc., will not be allowed in the bed. For example, personnel
carrier seats with webbed belts are not to be processed in the
bed. Once the webbed belts are removed from the seat, the seats
can be processed. Seat cushions (foam) and plastic part covers
will not be processed. If these can be removed from a part then
the part may be processed.

Magnesium is used as an ailoy agent in much of the aluminum
processed oy the RRAD. Only a few parts contain enough magnesiumnm
that they pose a potential hazard. Magnesium could ignite and
cause a violent reaction in the bed, damage the bed, and poten-
tially be a hazard to the personnel in the area. Special precau-
tions will be necessary to prevent magnesium parts from being
processed in the FBPS. These procedures shall parallel the ex-
isting procedures used to identify and control processing of
magnesium parts.

Currently, the magnesium parts are segregated from the other
parts and cleaned separately. There is no intention to change

that process. Therefore, these parts should not enter the area
where the FBPS is operating. Still, the operator must be aware
that magnesium parts will be in the area and trained in the rec-
ognition of those parts. Since there are only a few of the mag-

nesium parts this training is not considered difficult.
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Asbestos is present in various gaskets and an ablative coat-
ing. At bed conditions, the asbestos would be freed from the
organic matrix holding it together. Once freed, the asbestos
could become airborne, escape from the enclosure during charging
or maintenance, and cause a health hazard to people in the area.
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SECTION V. PARTS DATA

Parts data will be collected on two levels; specific, and
generic. The part specific data will be collected during testing
of specific parts or groups of like parts. These data include
number of parts being tested, condition of parts (painted, oily,
etc.), test run number, etc. The generic data are collected from
engineering and design data. These data include such things as
part heat treatments, type of metal, surface finishes or treat-
ments, etc. The data will be merged as necessary in the data
reduction. This section discusses methods of collecting and
maintaining the parts data and the various data sheets used to
collect and record the parts data.

A. Uniguely Mark Parts

Parts being tested initially will require special marking to
insure that they have been properly certified as not having been
adversely affected by processing in the FBPS. Parts shall have
1/16" thick, 1" round uniquely numbered aluminum tags attached
with 3/32" diameter soft aluminum wire. The marking numbers as-
signed to parts will be recorded in the project log book. The
log book will be controlled by the project manager and no number
will be assigned without it being immediately recorded in the
project log book. This procedure should prevent duplication of
part numbers.

Some parts cannot be effectively tagged. These are typical-
ly the very small, round, slender parts and some castings. For
these parts no identification number will be affixed to the parts
instead the parts will be identified with descripticens and by
controlling position of the containers holding the parts. A spe-

cial system of containers will be used to hold parts being
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evéluated. These containers will be marked with a stencil iden-
tifying them as test parts and with a bright yellow paint on the
upper edge of the container.

B. Record Part Numbers

Each part type has a unique identification number. Some-~
times this number is marked on the part. The number can be part
of the casting, stamped into the part or on a permanently affixed
identification tag. Some parts do not carry a part number.

These unmarked parts are identified by visual inspection and kno-
wledge of the types of paint being processed. For all parts, the
part number is listed on various inventories and in various spec-
ifications documents. The staff will be responsible for locating
and recording the part number by inspection of the part or con-
sulting the varicus inventcries, part drawings, and technical
documents maintained by the project manager. Figure 6 shows the
data sheet that will be used toc collect part-specific data. The
part number will be recorded on this data sheet. Figure 7 is a
sample of a completed data sheet.

C. Obtain Part Drawings

Part drawings will be obtained, if possible, for all parts
processed. The part drawings will be clearly identifieda with the
part number. The drawings willl be maintained in a central file
by the project manager. Where the drawing references additional
drawings or specifications that information will be collected by
the project manager and revicwed to insure that all necessary
information con the part is available for evaluation.

The part drawings form a key element in the complete evalua-
tion of the parts. The drawings typically contain information on
the part dimensions, tolerances, finishes, heat treating, etc.
They also contain information on the various specifications that
apply to the part.
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Vehicle part is used on:

Part Number: Part Name:

Drawing Number: Part Description:
Material(s) of construcztion: Mil Spec Numrhe:y:
Finishes

Plating type{s): Mil Spec XNumber

Mil Spec Number

Paint(s): Mi? Spec Number

Mil Spec Number

Other(s): Mil Spec Number

Mil Spec Number

Part maximum dimensions Methods of fabrication
L in. W in. H in. Stanping E:]

Part weight: pounds Forging [:]

Part surface area: square inches

Cas<ing [:]

Part type Fabricated [__]
Thin section

Thick section
Heat Treatment

Jou

Complex section
Tempered

]
Hardened [:]

“il Spec Number:

Figure 6. Part-specific data collection sheet and instructions.
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INSTRUCTIONS

Vehicle part is used on: Identify the vehicle family (eg., Brad-
ley, 113 etc.)

Part number, drawing number, part description, and material of

construction & mil spec number: Transfer these from the drawing
or other sources.

Finishes and mil spec: Transfer these from drawings and specifi-
cations for part.

Part dimensions: Measure part maximum dimensions.

Part weight: Weight to nearest pound.

Part surface area: Approximate and record in square inches.
Part type, method of fabrication, and heat treatments: Determine

by inspection and check the appropriate boxes. Determine the mil
spec for heat treatment from specifications and record.

Figure 6. (continued)
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Vehicle part is used on: Bradley

Part Number: 012345678 Part Name: Latch, hatch

Drawing Number: 012345678 Part Description: handle

Material(s) of construction: Cast steel Mil Spec Number: 00-000-000

Finishes

Plating type(s): anodized Mi Number 00-000-000

Number

Paint(s): CARC Mi Number 00-000-000

Number

Other(s): i Number

Number

maximum dimensions Methods of fabrication

L___8 in. w__ 2 in. in. Stamping D

weight: 1 pounds Forging [:]

. Castin
surface area: S square inches & E:]

type Fabricated | I

Thin section
Thick section
Heat Treatment

Complex section

Tempered
Hardened [j]

Mil Spec Number: 00-000-020

Figure 7. Completed data sheet.
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D. Record Complete Information on _Data Sheets

Keeping track of the operational data for several hundred
parts will not be a simple task. The project team will use a
series of data sheets to collect data. The test plan includes
instructions on the preparation of the data sheets. Each part or
group of like parts processed will have a unique lot number and
data sheet. The data sheet will be used to record all informa-
tion on the processed part(s). Figure 8 is a blank test data
sheet and instructions. Figure 9 is an example of a completed
test data sheet. Since this is a research and development pro-
ject data will ke extensive. As the project develops the data
sheet may be modified.

How a part is handled can effect the performance of the
part. Tempered aluminum parts, if heated and cooled in a specif-
ic manner, will still be tempered after processing. Tempered
aluminum parts, if not processed properly, lose their temper and
become unusable. Also, a steel part that is exposed to moisture
shortly after being processed would develop rust that could make
the part unusable without further processing where, if protected
from moisture after processing, it would be usable without addi-
tional processing.

Figure 10 is a data sheet and instructions designed to col-
lect the pre- and post-processing data on parts. The data sheet
has two modes: specific and generic. The specific mode is when
the pre- and post-data are specific to a unique part and the
generic mode is used for a class or type of part. Figure 11 is
an example of the form completed for a generic type part and
Figure 12 is an example of the form completed for a specific
part.

B-45



= *SUCT3ONI3SUT pue 333Ys ejlep 3IsaL °8 aanbtyg
ol > (o)
o))
(23]
Wt
. o
O -
= 0O [Ty
4
c
(O} =1 O
-~ O =
(L]
~“~ U
> 0o
[V )
[/, N a]
SUO L JBAJISGO Sd84 Sd84 S31Q11Shquo?d abaeyd ut sysed jo uoiydiyasap Jaqunu
pue S1UUN0) J334¥ 340438 30 14613 syJed 0 ON W6Lan 830} 1484 1sed 21j103ds
40102 1Jed

S3ILINVEVY Lbvd

8-46

4. :paq buijood Jalje siJted

de leuty
de Tjetlwg Q) :3y6iam abseyd jeio}
:paq 6uljyood Q) 1J3Y10/PIX N
i. Treutyd Qa1 iuod]
saInuw :paq Bu) 1002 UL Bwil e LTSI q iwnuen )Y
sainuww T :SP3Q 00D 0} 10y WoJy JIjsues] O3 dwi| :paq 10K q) 1y991§
saynulw T :pag 0y ut 3wt E rabieyd a4043q syueg Q) :3935€q o Iybiapn
S)eAJoIUL Soul] Sainjeaaduwa] )-SR
(3q14953p) 43410 D paxels D wopuey T :JaqunN

GoL1einb1juod 193ses

ST T oaep 1S3y tawty doys 1s3| cawl) 14e1s 1S3y 1Jaqunu 1S3




Revision No. 0
Section No. \Y
Page _8 of _14

Date May 5, 1990

INSTRUCTIONS
Test Number: Assign next number from project log book.

Test start & stop time: Use military time recorded from refer-
ence clock areas.

Test date: Enter two digit day number, three letter month abbre-
viation, and two digit year.

Basket configuration: Show number marked on basket check appro-
priate block if parts are loaded randomly or stacked; describe
"other" such as "used fixture to stack parts".

Charge: Record tare weight marked on basket and actual or esti-
mated weight of total steel, aluminum, iron, and mixed or other
metals and the total charge weight including basket.

Temperatures: Record indicated temperatures in degree Fahrenheit
from instruments as indicated.

Time intervals: Record elapsed time to nearest minute from stop-
watch.

Part parameters: Complete for each part type in charge.

Specific part number: Collect and record one for each part type
in charge.

Part description: Use part description found on part drawing or

other graphics description if part description on drawings is not
found.

Total weight of part: Record to nearest pound.
No. c¢f parts in charge: Record count of parts.

Weight of combustibles: Record estimate of total weight on all
like parts.

Part Color: Describe and record part color.

Comments and observations: Record anything unusual and comment

on cleanliness of part or if paint/coating removes easily after
processing.

Figure 8. (continued).
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PRE-PROCESSING DATA POST-PROCESSING DATA

pPart number: Describe storage conditions:

part 10, if applicable:

Date form initiated:

Date form completed:

Is part usable? (Y/N): Describe part cleaning:

Describe precleaning done on part:

Describe part heat treatment:

Is part completely disassembled? (Y/N)

1f No, describe

components :

Describe part testing:

FBPS test number associated with
paint:

FBPS test date:

Describe part reuse evaluation:

Describe part recoating (painting/plat-
ing):

Figure 10. Pre- and post-processing data sheet and instructions.

B-49




Revision No. 0
Section No. \J
Page _11 of _14
Date May 5, 1990

PRE-PROCESSING DATA
Part number: Collect and record from drawing or other source.

Part ID (if applicable): Use only for specially tagged parts
(aluminum tag). Record number from tag on part.

Date initiated and completed: Since the part evaluation may take
several days, record these as appropriate use in a two digit day
number, three letter month abbreviation, and two digit year.

Is part usable (Y/N): Record "N" for no, if part is a salvage,
otherwise record "Y" for yes.

Describe precleaning done on part: Record known information or
"unknown" if no information on precleaning is available.

Is part completely disassembled (Y/N): Record "Y" for yes or "N"
for no.

If no, describe component: Give verbal description components to
part.

FBPS test number associated with part: Indicate required number
FBPS test date: Record date of FBPS test.
POST-PROCESSING DATA

For each item, give a verbal description of the requested items.
Where additional data sheet on information is collected, identify
with part ID or part number and attach to form.

Figure 10. (continued).
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PRE-PROCESSING DATA

Part number: 12345689

Part 10, 1f spplicable:

Date form initiated: 08 Aug 90

Date form completed: 15 Aug 9C

Is part usable? (Y/N): Y

Describe precleaning done on part:

Water washed to remove mud

Is part completely disassemblea? (Y/N)

N If No, describe

components: Part is road arm casting

with press fit bearirg

FBPS test number associated with
paint: 15

FBPS test date: 08 Aug 90

Revision No. 0
Section No. v
Page _12_ of _14
Date May 5, 1990

POST-PROCESSING DATA

Describe storage conditions: Part was

stored inside

Describe part cleaning: Part was blast-

ed with walnut hults

Describe part heat treatment: None

Describe part testing: Hardness testing

result was 46C

Describe part reuse evaluation: Bearing

removed and replaced snd part considered

reusable

Describe part recoating (painting/plat-
ing): Part masked and prime painted

after aladine wash and finish coated

with CARC

Figure 11. Completed pre-/post-processing data sheet
for a generic type part
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PRE-PROCESSING DATA

Part number: 23456789

part 1D, if appiicable: S35

Date form initiated: 08 Aug 90

Date form completed: 15 Aug 90

Is part usable? (Y/N): N

Describe precleaning done on part:

None

Is part completely disassemolea? (Y/N)

Y 1f No, describe

components:

FBPS test number associated with
paint: 15

FBPS test date: 08 Aug 90

Revision No. 0
Section No. \
Page _13 of _14
Date May 5, 1990

POST-PROCESSING DATA

Describe storage conditions: Part was

stored outside for two days after FBPS

process

Describe part zleaning: Part blasted

with glass beads

Describe part heat treatment: None

Describe part testing: Part si2e mea-

sured and within tolerances

Describe part reuse evaluation: Part is

salvage. However, F8PS processing did

not affect reuse

Describe part recoating (painting/plat-
ing): None

Figure 12. Completed pre-/post-processing data sheet
for a specific part.
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E. Maintuin Computerized Data Base of Parts

The data collected on the form will be transferred to a com-
puterized data base for storage and retrieval. The data base
will be maintained by the project manager. The data base man-
agement system will have extensive capabilities regarding sorting
and retrieval of data. As the system is developed, additional
details will be collected and added to the list plan.
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SECTION VI. PRE-OPERATIONAL TESTING

The FBPS equ.pment is expected to take approximately 40
weeks from placement of order until completion of installation.
However, the manufacturer has available a smaller demonstration
FBPS at their facility. Selected parts will be shipped to the
manufacture for testing prior to completion of the RRAD FPBS sys-
tem. These tests wi1ll be used to refine the data collection ob-
jectives and provide information used to revise this test plan.
Because of the limited access to the FBPS at the manufacturer
only a few parts can be tested. The exact guantity of parts that
can be tested will be developed as the project progresses.

The manufacturer's test bed is only 24 inches in diameter
and 30 inches deep. This is smaller than the RRAD FBPS. There-
fore, the parts that can be tested will be smaller than those
that can be tested at RRAD. The parts selected for testing at
the manufacturer will be selected so that they can fit in the
test bed. The test bed has a fluidized cooling bed; water gquench
is possible, depending on part size and material type. The test
bed will not be used except on an available basis.

B-54




Revision No. 0]
Section No. VIT
Page _1 of 1
Date May 5, 1990

VII. OPERATION DEMONSTRATION

Once the system Is installed at RRAD, the manufacturer and
PEI will conduct testing to evaluate the system an. accept the
equipment. To make the most of this testing, parts that are
scheduled for testing will be used for the operational demonstra-
tion. The parts chosen for the operational demonstration will be
parts that have the maximum possibility of successful processing,
are the maximum size and weight, and contain maximum combusti-
bles. These parts will be selected and accumulated by the pro-
ject staff.

The most likely initial test parts are engine parts (blocks,
heads, connecting rods, cylinder sleeves, etc.). These are some
of the simpler parts to evaluate from a metallurgical and refin-
ishing aspect and one of the major components planned for pro-
cessing in the FBPS. Thus, engine parts are ideally suited for
the operational demonstration. Additionally. engine parts are
plentiful, which will be useful should the equipment reguire
modification and retesting.
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VIII. OPERATIONAL TESTS

The operational tests will be iterative. A best estimate of
how each part can be processed will be made. The part will be
processed on the basis of that initial best estimate. Following
processing the condition cf the part will be reviewed by the
project staff. Depending on the results of the review the pro-
cessing sequence will be modified. As more information on vari-
ous parts is collected the ability to make generalizations on
processing will be developed. As those generalizations develop
they will be added to the test plan.

Most parts will not receive a comprehensive evaluation.
Instead a comprehensive evaluation will be conducted on the most
probable processing candidates. A comprehensive evaluation will
include testing with several pretreatment options, testing with
various bed conditions and cooling methods, use of several of the
post treatment options, and finishing the parts in all possible
configurations. Several diffzsrent parts of the same type will be
used for the comprehensive evaluations. These will include scrap
parts to minimize cost. Usable parts will be evaluated in the
final phase of the comprehensive evaluations to confirm that the
best processing sequence produces a useable part.

Following each processing sequence and at each phase the
testing is re-evaluated by the project staff. If the processing
is unsatisfactory or the staff believes better results are possi-
ble the test parameters are nodified and the test repeated.

As part of the evaluation the project staff will determine
the success of the reuse. Figures 3 and 4 show decision trees
used to demonstrate how the success of processing and reuse is

determined.
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As time permits, parts of lower priority will be evaluated.
As the testing progresses to the evaluation of lower probability
of processing parts, more innovative processing methods will be
required. This is consistent with the evolution of a research

and development project. Therefore, to leave the most difficult
problems until the last is logical.
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IX. DATA EVALUATION

The data from the testing will be gqualitative and quantita-
tive. Ease of use, part appearance, processing simplicity, etc.
are qualitative judgments produced from this testing. Evaluation
of such data in mathematical or quantitative terms is not practi-
cal. Instead, these will be assigned a pass/fail value and re-
corded in the evaluation.

The quantitative results (hardness, temper, dimensional sta-
bility, flatness, etc.) are a significant portion of the final
determination of acceptable FBPS operation and evaluation. Fre-
quently, the quantitative differences will be small. Therefcre,
statistical analysis will be used to determine the parameters
significance. Once determined, the gquantitative data will be re-
duced to a pass/fail value and recorded in the evaluation. If
all factors are passing, then the FBPS processing is successful.
If any one determination is a failing value then the FBPS pro-
cessing is unsuccessful.
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SECTION X. REPORT

The report is intended to provide a discussion of what was
done, why, and the testing conclusions. It is also intended to
be a means of submitting the data collected. The report is in-
cluded as a section in the test plan because part of the test
objective is to collect data and report on the findings. There-
fore, an outliine of the report is included in the plan to ensure
the testing meets the reporting objective.

The report will be organized in the following chapters:

1. Introduction

2. Description of parts tested

3. Description of test results

4. Discussion of the evaluation criteria

5. Recount the operational test parameters

6. Present the recommended parts control parameters
7. Recommended additional testing

8. Conclusions

The following subparagraphs discuss the intent of each of the
report Sections.

A. Introduction

The report introduction will be much like the introduction

to this test plan. It will describe the report objectives and
organization.

B. Description of Parts Tested

Section 2 of the report will document the types of parts
processed at RRAD. The report will include a discussion of both
the parts processed and the parts not processed. The RRAD pro-
cesses parts that include lightweight aluminum and aluminum alloy
housings, electrical components, armaments, engine and drive
components, mechanical connections, fixtures, etc. Some of these

are not candidates for processing in a FBPS. The report will
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discuss all parts, however, the candidate parts will be discussed
based on the part category and suitability for processing and
priority.

C. Description of Test Results

The test results will be presented in both absolute terms
and statistical terms. The description will present a tabulation
for each part category, the processing time for each coating
system, and the success of the processing sequence reported.

This section will discuss the methods used to categorize and set
the parts priority and introduces the test results. The data
collected during all phases of the testing will be summarized in
this section. The actual test data will be available as a sepa-~
rate document.

D. Discussion of the Evaluation Criteria

Section 4 of the report will present the sequence of evalua-
tions used to determine the priority of the parts. It will also
present specific categories of parts and test methods and the
basis of judging if a part was successfully processed.

E. Recount the Operational Test Parameters

Section 5 of the report will summarize the operaticnal test
parameters investigated. It will discuss the various phases of
the testing and the data collected. Most of the information in
this section of the report will be extracted from Section V of
this test plan.

F. Present the Recommended Parts Control Parameters

Section 6 will present a series of recommendations develop=d
after the test. The discussion includes a determination of parts
that are suitable candidates for FBPS processing and operational
procedures to optimize FBPS use. These will possibly include
such procedures as:
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Determining the base metal type and any heat treating,

If warpage is a potential problem based on the geome-
try, material type, and thickness,

Type of coatings,

Presence of combustibles on the part,
Presence of heavy metals, etc.

G. Recommended Additional Testing

Section 7 will make recommendations for additional tests as
appropriate.

H. Conclusions

The conclusions will be based on the testing. The report
will discuss the usefulness of the FBPS based on how well it

functions as a cleaning device and how effectively it reduces
hazardous waste generation.
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Figure
109
138
109.1
13

143

1%

134
116,116.1
120,120.1

139

120
120
142
13
165
17
120
140
141
113.1
168
119.1
19.1
148
116.1
167
134

w1, 142

120.1

139

140

120.1

139
™9i81

Jdd

" 79881

v o

Part Number Descripticn

8756255 Anchor Plate
8756258 Anchor Plate
8756258 Anchor Plete
10866132 Track ldler Arm Assy
(L2gs Bearing 11633894)
10874930 Track Tens. Bracket
10874930 Track Tension Bracket
10907799 Metal Tire Wheel
10907799 Metal Tire wheel
10918140 Roed Vheel Arm Support Kousing
(Less Bearing 10875366)
10918160 Pivot Arm Assembly
(less Support Bearing 108753466)
10918141 Arm Assy.
10918162 Arm Assy.
10932828 Nondr Spindle Wheet
10932828 Idler Support Spindle
10942567 Sprocket Wheel
10942567 Sprocket wheel
11598503 Arm Assembly (Like 12268700)
11598503 Pivot Arm Assembly (Like 12268700)
11669356 1dler Arm Spindle
11669356 1dler Support Spindle
11667359 Rear Guard
11669359 Shock Absorber Guard
11669366 Shock Absorber Guard
11669366 Road Wheel Arm Guard
11669373 Metal Tire wheel
11669373 Flat Pulley
12253578 1dler Track Arm Assembly
(Less Bearing 11633894)
12253578 Track Arm Assemble
(Less Bearing Sleeve 116338%94)
12253620 Support Arm Assy
12253420 Support Arm Like 12268488
1226846E8 Suppo:i Arm Like 12253620
1226870C Support Arm Assy (Like 11598503)
12268700 Arm Assembly (Like 1159850%)
12276557 Support Housing
(Less Bearing 12296924)
12295281 idler Support Spiindle
12295283 Spindle
12295290 wheeel Spindle
12296932 Pivot Arm Assy
12297027 Spindle
12328850 1dler wheel Arm
(Less Bearing 12276924)

™

2300-257
2350-261
2300-257
2300-257

2350-261
2300-257
2350-261
2300-257
2300-257

2350-261

2300-257
2300-257
2350-261
2300-257
2359-261
2300-257
2300-257
2350-261
2350-261
2300-257
2350-261
2300-257
2300-257
2350-261
2300-257
2350-261
2300-257

2350-261

2300-257
2350-261
2350-261
2300-257
2350-261
2350-252

2350-252
2350-252
2350-252
2350-252
2350-252
2350-252

Composit List from all TM's

Hateriat/Comment
4140

4140

&150

? Prob 4140

4140

61604

CST ST CLS 120-95

CST ST CLS 120-95

CS (ALSO SEE 10918159)

cs

? Prob 4140
? Prob 4140
? Prob 4140
? prob 4140
CST ST GR 105-85
CST ST GR 105-85

Temper Weld S00%F (ALSO See 8754363, 10866123, 11660920)
Temper Weld 500*F (ALSO See 8756363, 10846123, 11660920)

? Prob 4149

? Prob 4140

4130H-4140

4130H-4140

4130H-4140

4130K-4140

CST ST GR 120-95

CST ST GR 120-95

SEE 11669358, 11669367 11669365

SEE 11669358, 11669367, 11669365

? Prob 4140

t Prob 4140

7 Prob 4140

SEE 10856123,8756363, 11660920
SEE 10866123,8756363, 11660920
FS 4130

? Prob 4140

? Prob 4140

CST ST GR 120-95

SEE MS16555-63,12295288,12296925,12297029
?

?

Composite List Of Parts for TCADM Approval
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List of ALl Drawings/Parts Inc. Material Specs
Assembly Materials
Orewing Number Test Primary/
Number Description As Tested Number Secondary
2 CPCX2 REDUCING PIPE TEE 999 0
20 NP20 PILLOW BLOCK BEARING 20 0
16555 MS$16555 HEADLESS ST. PIN 999
21044 NS21044E NUT 12253531 ©
35671 MS3I5671 GROOVED PIN 10949818 0 cos
51335 M$57335 TOWING PINTLE ASSEMB!Y 51335
S$1504 MSS51504 PIPE ELBOW, ETC. 999 2
S207S MSS3075 NON VENTED TANK CAP 999 0
90726 MS90726 SCREW, CAP, ETC. 999
104235 RIVIT 5605888
560583 SPRING 5605888
5109549 V6 ENGINE WATER SYSTEM 5109549 1
5109688 FRONT COVER 5109688 0
$121109 vé6 PULLEY 5121109 &
$121343 ENGINE COVER FITTING 5121343 1
5124762 TRUNNION 5124762 4
5125488 ENGINE LIFTING LUG LEFT 5125488 1
5127238 AIR HORN 5127238 0
5127949 ENGINE LIFTING LUG RT. 5127949 1
5132473 V6 ENGINE HEAD WATER SYSTEM $132473 1,25
5135296 AIR HORN BASE 5135296 0
$135838 OIL PAN 5135838 S ST
5266289 WASHER 5605888

5605875 OIL CAN STOWAGE MOUNTING BRACKET 5605888

Page: 1 Sorted By Part Number Cate - " /2/9
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List of ALl Drawings/®arts Inc. Material Specs
Assembly Materials '
Drewing Nurber Test Primary/
Nurber Description As Tested Number Secondary '
5605888 OIL CAN STOWAGE MOUNTING BRACKET 5605888
6226763 SPRING 5605888 .
6774436 0il Pan 67744636 6 ST
7044253 SPRING 7524312 .
7355390 PINTLE HOOK 7355390
7359523 SPRING 5605888 .
7359524 OIL CAN MOUNTING BRACKET ASSY. 5605888 0
7524312 LOCK ASSY. PINTLE 7524312 .
7524313 LATCH 7524312 '
7524314 LOCK 7524312
7528105 FUEL TANK FILLER BAYONET 10861293 I
7954475 AUTOMATIC BREAK CASE 7954475
7954484 GEAR CASE 7954484 2 '
8364016 CHANNEL (RADIC RAIL) 8364016 0
8376495 WEATHERCAP (COMMERCIAL) 8376498 7 '
8376498 WEATHER CAP (COMMERC!AL) 8376498 7
8330197 DUMMY DRAWING 0 .
8447117 RH PIVOT PLATE 8467117 '
8456497 SPEEOOMETER ADAPTER 8756252
8456618 SLEEVE BEARING 8756915 '
8463514 STEERING CONTROL LEVER SHAFT 8763512 &
8668636 PLUG 8468636 .
8668638 GUARD 8668638 2 CAS MIL-A-11356
|
Page: 2 Sorted By Part Number Daze: 072191
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List of All Drawings/Parts Inc. Material Specs

Assembly Materials

Drawing Number Test Primary/

Number Description Ac Tested Number Secondary
8705203 PERISCOPE QUICK RELEASE ASSY. 8705203
8713396 SLIDE ASSY. 8713396

8756252 FINAL ORIVE OUTPUT SHAFT ASSY. 8756252

8756258 ANCHOR TORSION BAR 8756258 4,26 4140

L137H,5145H, 86401, 8642H,0T BH3D1-341
8756363 SUPPORT ARM 11598503 0 FS& 14651

&147H,4337H,BEBLSH, B6S3H GR D
8756363 SUPPORT ARM 12268700 16,23 FS4G145H

4147H,4337H,B6B45K,8653K GR ©
8756377 RIBBED SHOULDER BOLY 12253132
8756378 RIBBED SHOULDER BOLT 12253132
B756478 BEARING AND OIL SEAL RETAINER 8756478
B756491 FINAL DIRVE SPLIENED SHAFT 8756252

8756494 FINAL ORIVE SPLINED SHAFT PLUG 8756252

8756497 SPEEDOMETER ADAPTER 8756494

8756552 DIFFERENTIAL STEERING LEVER 8756552

8756586 DIFFERENTIAL UNIVERSAL JOINT YOKE 8756586

8756618 SLEEVE BEARING 0

8756672 DIRVERS HATCH HINGE 8756672

B756711 GROVE PULLEY 8756915

8756850 FILLER CAP COVER 8756850 4 CAS
8756915 GROOVE PULLEY 8756915

8756970 PLAIN SOLID DISK 10907310 0

8756972 KATCH COVER HINGE SEGMENT 8756972

8763159 PIVOT BREAK HOUSING 11660974

8763251 RIFLE MOUNTING CLIP 8763251

8763257 CLIP BRACKET 8763251
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List of ALl Drawings/Parts Inc. Material Specs

Assembly Materials

Orawing Number Test Primary/

Nurber Description As Tested Number Secondary
8763258 CLIP 8763251

8763301 FINAL DRIVE UNIVERSAL JOINT ADAPT B763301%

8763384 TOMING EYE 8763384
8763447 RIFLE MOUNTING CLIP 8763251
8763477 DIFFERENTIAL STEERING SHAFT 8763477
8763494 MACHINE THREAD PLUG 8763494

8763502 BRACKET AND SPHERICAL BEARING ASS 8763503

8763503 QUADRANT BRACKET 8163503

8763512 STEERING CONTROL LEVER 8763512 4

8763513 STEERING CONTROL LEVER ARM 8763512 4 £$1010-1025
8763514 STEERING CONTROL LEVER SHAFT 8763512 4 1§ £$1000-1025 CO
8763515 STEERING CONTROL ARM RETAINER 8763512 & £$1010-1025 HR

8763518 SEALED SELF-ALIGNING PLAIN BEARIN 8763503

8763560 SPRING SPOOL 8763560 1

8921313 ENGINE HAND HOLD COVER 8921313 0 ST SP
8925269 valve Cover 8925269 & ST
8925270 DETROIT DIESEL ENG VALVE COVER 8925270 & ST
10232625 B1LGE PUMP ACCESS DOOR ASSY. 1023262¢ ¢

10232628 B1LGE PUMP ACCESS DOOR 10232625 0

10236079 CLEVIS 10236079 0

10236081 KNOB (CASTING) 10236103 0

10236083 HANDLE (CASTING) 10236084 0

10236084 KNOB LOCK HANDLE (MACHINED) 10236084 0

Page: & Sorted By Part Number pate. i/21/9
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List of All Urawings/Parts Inc. Material Specs

Assembly Materials
Drawing Number Test Primary/
Number Description As Tested Number Secondary
10236085 REMOTE CONTROL LEVER 10236085 ©
10234096 HOUSING COVER 10236096 0
10236103 BOLT KNOB (MACHINED) 10236103 0
10861293 FUELCELL FILLER NECK 10861293
10861294 NECK FILLER FLANGE 10861293
108561500 DIFFERENTIAL STEERING SHAFT 8763477
10861501 LEVER ARM 8763477
10861503 LEVER ARM 8763477
10861515 DIFFERENTIAL STEERING SHAFT 10861515
10861561 HOOK 10861561
10861607 TOWCABLE HOOK 10861607 7,24  &140H
41424 ,ETC
10861641 ACCELERATOR PEDAL LEVER 10932839 0 €$1009-1025
10861642 ACCELERATOR PEDAL 10932839 0 CS A621 OR A622

10861712 MASTER HYDRAULIC BRAXE CYLINDER 10861712

10861717 VALVE ASSY 10861717
10863439 BEARING SPACER 12253143 0
10842580 COVER WATCH MINGE SEGMENT 10865584
10865854 HATCK COVER HINGE SEGMENT 10865854
10865921 PLAIN SOLID DISK 10890649
10865936 EXHAUST HEATER TUBE 10875342 0 1s
10865937 HEATER EXHAUST ELSOW 10875342 U CAS CLS2
108465985 SHOCK ABSORBER MOUNT 108465985 7,25 4135M
4337H,4140H,ETC
10866040 VEHICLE LIFTING EYE 10866040 & £140-4145
C38-C42
10866089 FAN DRIVE SHAFT 10866089 0 C137-C1151 IH SPLINE (22-38
Page: 5 Scrted By Part Number Cato: 21219
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List of All Orawings/Parts Inc, Material Specs

Assembly Materials
Orawing Number Test Primary/
Nurmber Description As Tested Number Secondary
10866123 SPINDLE 10866124 ST 41404
41420, BLLOH, B&SOH
10866123 SPINDLE 11598503 0 ST 41404
41420, B&LOH, B&SOH
108566123 SPINDLE 12268700 16,23 4140M
4142 ,864L0H, 8650H
10866124 SUPPORT ARM 10866126
10866131 TDLER WHEEL SPINDLE 12255143 0
10866206 STEERING ARM QUADRANT 10866206
1087468C CATCH BOLD HANDLE 10874686 7 €ST ST CLS 80-50 OR 90-60
1087479< HOOK AND DAMPER 10874799
10874930 TRACK ° © DJUSTER MOJNTING B 10874930 7,24 41404 ETC

10875330 FINAL ORIvE UNIVERSAL JOINT SPIDE 10875330 7,24

10875342 HEATER EXHAUST ELBOW 10875342 0 1S & CAS WELDED

10875398 BEARING RETAINER 12 AL ST 1340
(137-4145,8640,5145

10875594 SLEEVE SPACER 10875594 7 AL ST 1340
4130,4135,5130,5135, 86308, 8635

10885917 STRAINER SCREEN 10885917 2

10886310 SHAFT 10932839 0 €S 1010-1025

10886450 LATCH HKANDLE 108846450 3

108867 °5 AUXILIARY PEDAL 10886715

10888013 SLEEVE BEARING 1

10890528 BEARING HOUSING 10890528

15890648 CARGO MATCH TORIUE BRACKET 10890649 0

10890649 CARGO HATCH TORQUE BRACKET WELDED 10890649 0

10907273 TORSION BAR ANCHOR 10907310 0

10907310 TORSION BAR RETAINER 10907310 0

Page: & Sor.ed By Part Number oate: T1/2V/GN
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List of ALl Drawings/Parts Inc. Material Specs

Assembly Materials
Orawing Number Yest Primary/
Number Description As Tested Number Secondsfy
10907799 IDLER WHEEL 10907799 3 €S CLS120-95
10911056 SLEEVE BEARING 8763512 4
10918159 ROAN WHEEL HOUSING SUPPORT 10918160 16 CST GRD115-95
QT ASTM A48
10918160 SUPPORT HOUSING 10918160 23
10932290 ELECTRICAL INSTALLATION 10932290
10932551 ADAPTER 10932551 0 1008-1025
10932745 PROPELLER SHAFT 10932745
10932824 (STEERING CONTRCL SHAFT) 10932824 4
10932838 DOUBLE ANGLE BRACKET 10932839 0 €$1008-1020
10932839 ACCELERATOR CONTROL PEDAL 10932839 0
10932844 ACCELERATOR CONTROL ARM 10932844
10932916 ENGINE N1L KOSE OIL 1093291¢
10932988 GASKET 10932988
10942567 SPROCKET CARRIER 10942567 & CST ST GR10S-85
CST ST GR120-95 ASTm alu8
10942621 ELECTRICAL INSTALLATION 10942621
10943071 BATTERY MOUNTING FRAME 10943071 0
10943072 STEEL CHANNEL 10943071 3 1008-1024
10949503 LOWER TAILGATE LOCK HANDLE 10949503 2
10949528 RIGHT ENGINE MOUNT ADAPTER 10949529
10949605 FUTL TANK ACCESS COVER 10949505 3
10949788 SLIOING WINDOW CYANKE: 10949818 0 1008- 1020
10949792 WINDOW LOCK HANOLE 10949818 0 1008-1020
10949818 WINOOW CHANNEL ASSEMBLY 10949818 0
10950143 OUTER CAB DOOR PANEL 0
Page: 7 Sorted By Fart Niumber Care 221/
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List of All Drawings/Parts Inc. Material Specs

Assembly Materials
Drawing Number Test Primary/
Nurber Description As Tested Number Secondary
11010703 SCOOP DISC SUBASSY. (REPLACE PART 0
11069946 BASE PLATE 11069946
11070018 BOX COVER 10170449
11070220 GASKET COVER 11070449

11070350 8US BAR U1 TO CIRCUIY BREAKER 11070350

11070354 8US BAR W1 TO E2 11070354

11070449 DISTRIBUTION BOX ASSEMBLY COVER 11070449

11588878 DOOR LATCH 11589281 0
11589281 TRUNNION ENGINE MOUNT 11589281 0 ND CST CLSS OR 6
€ST ST CLS65-35,70-36,80-40
11598005 AIR CLEANER COVER 11598005
11598503 TRACK SUSPENSION PIVOT ARM 11598503 0 TEMPER WELD @ 500 *F
17512673 SLIDE LATCH PIN 11612676 2
11612674 LATCH SLIDE 11612676 2
11612675 SLIDE LATCH BODY 11612676 2
11612676 SLIDE LATCH ASSY 11612676 2
11613007 BALL PLUNGER 11612676 2
11633395 HELICAL TORSION SPRING 10949818 0 M/ SPEC QQ-W-470
11633491 LOOP CLAMP 11633491
11633894 SLEEVE BEARING 12253143 0 oLté
11634072 INSULATED COVER 11634072
11440643 UNIVERSAL JOINT GPIDER 11640643
11660920 TRUNNION 11598503 0 &140H
41420, 41451, 8650H
11660920 TRUNMION 1226870C 16,23 &140H
L142H,4145H,B650H
Page: 8 Scrted By Part Numoer Date: 7T7721/%1
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List of ALl Drawings/Parts Inc.

Assembly
Drawing Nunber Test
Number Description As Tested Number
11660974 APIVOT SINGLE DISX BRAKE ASSEMBLY 11660974
11669238 PROPELLER SHAFT 11669238
11669358 SUSSENSION ARM 12253578 25
11669359 GUARD 11669359 3,25
11669361 BEARING UNIT HOUSING 11669361 2
116469365 SLEEVE BEARING 12253578 25
11669366 GUARD 11669366 3,25
11669367 IDLER WHEEL SPINDLE 12253578 25
11669373 IDLER WHEEL 11669373 3
11678123 SUPPRESSOR MOUNT ING PLATE 11678123 9,10
11678177 DIFFERENTIAL UNIVERSAL JOINT YOKE 11678177
11678255 SPROCKCT WHEEL 11678255 0
11699728 AFT BEAM 11699728
12253130 HUB CAP 12253130 7
12253131 BEARING UNIT HOUSING 12253132
12253132 HUB ASSEMBLY 12253132
12253145 10LER ARH 12253144 3,18
12253144 CLEVIS 12253143 0
12253406 Hatch Cover 12253406 &
12253425 FAN PULLEY ACCESS COVER 12253425 9,10, 11
12253519 IDLER FLAT PULLEY 12253519 7
12253531 GROOVED PULLEY 12253531 0
12253535 ADJUSTABLE ROD END BRACKET 12253535
12253570 OIL FILTER MOUNT NG BRACKET 12253570 0
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Material Specs

Materials
Primary/
Secondary

FSL140H-4145H

4130K-4140
4340,8630-8640

oL

4130H-4140
4340,8630-8640
£S 4142

F145H, 86B4S5H
CST ST GR120-95

FS 13454
4340H,4160H-4150,50844H,50B850H0R 1347 FIH

€S 1040-1045
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List of All Drawings/Parts Inc., Material Specs

Assembly Materiols
Dravwing Number Test  Primary/
Number Oescription As Tested Nurmber Secondary

12253578 10LER ARM 12253578 2,16,18

12253646 FILLER CAP COVER 12253646 O AS CLS 2
12265722 INTERCOM BOX ANGLE BRACKET 12265722 ©

12268484 GROOVED IDLER PULLEY 12268684 0 1010-1025
12268689 SUSPENSION TORSION BAR 12268689 8

12268692 SHOCK ABSORBER MOUNT 12268692 7 4L135M
12268700 ROAD WHEEL ARM ASSEMBLY 12268700 16,23

12268773 PIPE ELBOW 10875342 0 s

12268994 AIR INLET HOUSING 12268994

12269095 GROOVED PULLEY 12269095 0

12269508 CLIP RETAINER () .

12276657 ROAD WHEEL SUPPORT HOUSING 12276457 16,23 FS 4130
8630
12292439 MOTOR SUPPORT 12292439 1
12292441 MOTOR CLAMP 12292441 1
12294243 VEHICLE LIFTING EYE 12294243 0 £S 4140-4145
12204481 SHIELD 12296481 3
12204777 FORWARDER HOUSING 12294777 0
12294924 VIRE SHIELD 12294926 3
12205281 TOLER SUPPORT ARM SPINDLE 12295281 4140H-6145H
86L0H, 4340
12295282 IDLER SEARING UNIT HOUSING 12295282
12295290 DUAL SUPPORT ROLLER SPINDLE 12295290 CST ST GR120-95

12295542 RIBBED SHOULDER BOLY 0

12296932 TRACK SUSPENSION PIVOT ARM ASSY. 12296932

Page: 10 Sorted By Part Number Date: 0172V/9N
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List of All Drawings/Parts Inc. Material Specs

Assembly MHaterials
. Orawing Nutber  Test Primary/
| Nutber  Description As Tested Number Secondary
: 12296935 ROAD WHEEL HUB ASSY. 12296935
i 12297029 TAPERED PIN 12297029 AL ST £130-4140
t
! 12297362 COMM. CONTROL MOUNTING PLAT 12297362 9,10,11

12298112 SAFETY HANDLE (NEW PART #12317063 12298112 2

12307265 HATCH HANDLE AND HOOK 12307265 1
' 12397270 CONTROL DOOR ANGLE MANDLE 12307270 1 AS 1330
: 4130 & 1010-1025
; 12317158 25 MM AMUNITION ACCESS LOOR 12317158
i 12328579 SAFETY ANCHOR SHACKLE 12328579
| 12328805 IDLER WHEEL ARM 12328805
i 12349903 BILGE PUMP STRAINER 12349903
é 108990528 Pillow Block 108990525 3
Page: 11 Sorted 8y Pert Number Date: ~1/2V/9N
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SECTION 1
INTRODUCTION

11 Background

For tthis task assignment, PE! Associates, Inc. (PEI), under contract to the U.S.
Army Toxic and Hazardous Materials Agency (USATHAMA), has purchased and in-
stalled a Procedyne Corporation fluidized-bed paint stripper (FBPS) at the Red River
Army Depot (RRAD) near Texarkana, Texas. The FBPS is a production unit used to
remove paimt, oils, 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 maitter. Typical temperatures range from 700° to 1000°F, with residence
times in the bed of approximately 1 hour. Usually the bed contains insufiicient oxygen
to support ombustion. Therefore, organic matter on the parts and in the coatings
(paints ant ;primers) is pyrolyzed in the FBPS to carbon and carbon monoxide. An in-
line gas-firad incinerator burns the carbon monoxide and fiuidizing-bed gases. The
products aff combustion are exhausted through a water venturi scrubber to the atmo-
sphere.

The FBPS is an alternative to solvent-based paint-stripping systems. Solvent-
based paint-stripping systems typically use methylene chioride and other chlorinated
solvents. Thhe solvents chemically destroy the organic binders in the paint. The re-
maining casting material is removed with washing action or shotblasting prior to re-
coating.

Typiccally, chemical paint-stripping solvents are toxic and volatile. Methylene
chloride, tthe most commonly used solvant, is especially volatile (boiling point 40°C or
104°F). Ttme chemical paint-stripping process generates sludge consisting of stripped

1-1




coatings contaminated with paint-stripper solvents. The sludge is listed as a categori-
cal hazardous waste and must be disposed of as such. PElI and USATHAMA believe
that installation of the FBPS will reduce atmospheric releases of stripper compounds
(mostly chlorinated solvents) and reduce the volume of hazardous wastes requiring
disposal. Therefore, the objective of this test program is to demonstrate that the use
of an FBPS will reduce hazardous waste witile satisfactorily removing coatings (or
assisting removal) and enabling reuse of parts at the RRAD.

1.2 Atmospheric Emission Tests

Atmospheric emission tests were conducted on February 26, 27, and 28, 1991.
Testing was performed at the following three locations:

° Afterburner inlet (Al)

° Venturi scrubber inlet (VI)

° Venturi scrubber outlet (VO)

At each location, a Method 5 sampling train, modified to allow collection and
analysis of trace metals [total chromium (Cr), cadmium (Cd), lead (Pb), and zinc (Zn)],
was used to measure particulate and metals concentrations. In addition, a continuous
flame ionization analyzer (FIA) was used to measure total hydrocarbon (THC) concen-

- trations at the Al and VI locations.

Messrs. Bob Ressl and David Pomerantz of PEI coordinated FBPS operations
throughout each test period and coliected appropriate process samples (scrubber
water-bed sand samples). The following report sections detail the results of the emis-
sion sampling effort.




SECTION 2
SUMMARY OF TEST RESULTS

This section details the results of the emission test program. No attempt is
made to correlate emissions with FBPS operation, although conclusions relative to
pollutant removal efficiencies are addressed based on the emission data.

21 Sampling Plan

Table 2-1 summarizes test times, parameters, and FBPS operation for this test
'program. Particulate/multimetals samples were collected simultaneously at the indicat-
ed locations for Test Series 1 through 5. Test Series 6 through 8 were conducted at
only the Al and VO test locations. Measurements of THC were made primarily at the

Al and VI test locations.
The initial test series was conducted for about 120 minutes and the remaining

tests were conducted for 60 minutes each.

2.2 Flue Gas Data Summary

Tables 2-2 through 2-4 summarize flue gas conditions at each location.

Prior to each test, U.S. EPA Methods 1A and 2C* were used to measure veloci-
ty pressure head and temperatures. These data were then used to set isokinetic sam-
pling rates. Volumetric flow rates are generally expressed in actual cubic feet per
minute (acfm) and dry standard cubic feet per minute (dsctm) at 68°F, 29.92 in.Hg,
and zero percent moisture.

* 40 CFR 60, Appendix A, July 1990.




TABLE 2-1. RRAD TEST PLAN

Emission
parameter
FBPS Corresponding Type of Net wt of Partic-
test emissinnatest Date Time parts charge, ulate/ b
No. No. (1991) (24-h) charged 1b metals  THC
029 AIPM-1 2/26  0922- Scrap 319 v vl
SIPM-1 1142 aluminum
SOPM-1
030 AIPM-2 2/26 1426- Cd- and In- 955 v VI
SIPM-2 1535 plated and
SOPM-2 scrap
aluminum
031 AIPM-3 2/27  0806- None 0 v Al
SIPM-3 0914
SOPM-3
032 AIPM-4 2/217 1034-  Scrap 235 v Al
SIPM-4 1139 aluminum
SOPM-4
033 AIPM-5 2/217 1327- Roadarms 996 v Al
SIPM-5 1432
SOPM-5
034 AIPM-6° 2/28  0800- Cd-plated 964 v Al
SOPM-6 0905 and scrap
aluminum
035 AIPM-7¢ 2/28 0945- None 0 v Al
SOPM-7 1050
036 AIPM-8€ 2/28  1128- Roadarms 700 v Al
SOPH-8 1253 with 0il
and grease

3 AIPM = afterburner inlet, SIPM = venturi inlet, SOPM = venturi outlet.
b VI = venturi inlet, Al = afterburner inlet.

C Venturi inlet tests not conducted because of glassware breakage and subse-
quent shortage.




TABLE 2-2. SUMMARY OF FLUE GAS CONDITIONS - AFTERBURNER INLET

Volumetric Composi-
flow rate tion, %

Run Date Time a b Tempera- Mois-

No.  (1991)  (24-h)  acfm dscfm” type oF  ture, 4 02  C0;
AIPM-1  2/26  0924-1124 521 366 228 7.9 21 0
AIPM-2  2/26 1426-1526 524 348 233 12.4 2. 0
AIPM-3  2/27 0806-0906 531 372 281 0.9 ¢l 0
AIPM-4  2/27 1038-1138 499 392 191 2.3 21 0
AIPM-5  2/27 1330-1439 526 341 229 14.6 21 0
AIPM-6  2/28  0800-0900 507 412 168 1.5 21 0
AIPM-7  2/28  0945-1045 519 404 198 1.0 21 0
AIPM-8  2/28 1153-1253 530 395 226 1.4 21 0

@ 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.

TABLE 2-3. SUMMARY OF FLUE GAS CONDITIONS - VENTURI INLET

Volumetric Composi -
fiow rate tion, %

Run Date Time a b Tempera- Mois-

No.  (1991)  (24-h)  acfm dscfm™  yype *F  ture, % 02 (O,
SIPM-1  2/26  0923-1123 1082 892 113 9.6 20 1.0
SIPM-2  2/26 1427-1527 1311 1066 116 10.4 20 1.0
SIPM-3  2/27  0807-0907 1276 1058 111 9.1 20 1.0
SIPM-4  2/27 1037-1137 1230 995 116 10.5 20 1.0
SIPM-5  2/27 1329-1429 1280 1002 123 12.5 20 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 2-4. SUMMARY OF FLUE GAS CONDITIONS - VENTURI OUTLET

Volumetric Composi-
flow rate tion, %

Run Date Time a b Tempera- Mois-

No.  (1991)  (24-h) acfm™ dscfm”™ tyre *F  ture, v 02 €O,
SOPM-1  2/26  0922-1142 915 695 131 15.4 20 1.0
SOPM-2  2/26  1430-1535 982 787 126 11.4 20 1.0
SOPM-3  2/27  0808-0914 974 788 125 10.5 20 1.0
SOPM-4  2/27 1034-1139 920 744 123 11.1 20 1.0
SOPM-5  2/27 1327-1432 963 765 127 11.9 20 1.0
SOPM-6  2/28  0800-0905 930 754 129 13.7 20 1.0
SOPM-7  2/28  0945-1050 983 770 125 12.8 20 1.0
SOPM-8  2/28  1128-1232 961 755 125 12.5 20 1.0

& acfm = Actual cubic feet per minute.

dscfm = Dry standard cubic feet per minute. Standard conditions are 68°F,
29.92 in.Hg, and zero percent moisture.

For tests conducted at the Al, flow rates ranged between 499 and 531 acfm,
with average gas temperatures ranging between 168° and 281°*F. Flue gas moisture
content was generally less than 2.5 percent, except in Tests 1, 2, and 5, where mois-
- ture contents of 7.9, 12.4, and 14.6 percent, respectively, were measured. Gas com-
position data showed essentially ambient characteristics, with 21 percent oxygen (O,)
and 0 percent carbon dioxide (CO,). A Fyrite gas analyzer was used to make these
measurements periodically throughout the test program.

Scrubber venturi inlet flow rates ranged between 1082 and 1311 acfm, with an
average temperature of 116°F and a moisture content of 10.4 percent. Gas composi-
tion data showed an average O, content of 20 percent and a CO, content of 1.0 per-
cent.

Scrubber venturi outlet flow rates ranged between 915 and 983 acfm, with an
average temperature of 126°F. Gas moisture content averaged about 12.4 percent,
with O, and CO, contents of 20 and 1.0 percent, respectively. Since the gas stream
appeared saturated and apparently contained water droplets, two moisture determina-
tions were made: the first involved volumetrically determining the amount of water

coilected curing each test and the second involved calculating the moisture content by




using the vapor pressure of water at the measured stack temperature and pressure.
The lower value was reported in each case as specified in U.S. EPA Methc 4.*

Because the Al and Vi test locations did not conform to U.S. EPA s: mpling
location criteria (see Seciion 5 of this report), the measured flow rates are probably
biased high. By comparing scrubber inlet (V1) and outlet (VO) average flow rates, the
measurement bias was determined to be about 25 percent. Outlet flow rates mea-
sured at the VO location which meets the U.S. EPA sampling location criteria averaged
757 dscfm for eight tests, compared with a five-test average of 1003 dscfm at the VI
(i.e., about a 25 percent difference). In summary, the outlet flow rates are considered
representative, whereas the gas flow measured at the other two sites is semi-
quantitative at best.

2.3 Particulate/Multimetals Test Results

Particulate concentrations reported in Table 2-5 are expressed in grains per dry
standard cubic foot (gr/dscf) and milligrams per cubic meter (mg/m?q). Metals con-
centrations are expressed in micrograms per cubic meter (ug/m°). Pollutant mass
rates are expressed in pounds per hour (Ib/h). The product of volumetric gas flow
rate and concentration yields the mass rate in Ib/h.

Test SOPM-1 (scrubber outlet) is considered nonrepresentative because a
scrubber upset occurred during the first 40 minutes of the test. No major problems,
either process or sample related, were encountered with any of the remaining tests.

Afterburner inlet particulate concentrations ranged between 0.01 and
0.08 gr/dscf (23.3 and 183 mg/m?d) for the eight tests conducted. Maximum concen-
trations were observed in Tests 1, 2, 5, and 6, which correspond to the maximum
FBPS system loadings (see Table 2-1). Baseline (no parts charged) tests showed
particulate concentrations of 0.01 and 0.026 gr/dscf (23 and 59 mg/m°).

Particulate concentration at the VI ranged between 0.002 and 0 004 gr/dscf
(5 and 9.6 mg/m?). In the five tests in which simultaneous measureneriis were made

* 40 CFR 60, Appendix A, July 1990.
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at all three locations, particulate concentration was reduced by more than 85 percent
in a comparison of the Al and VI test results.

Particulate concentrations at the VO ranged between 0.003 and 0.013 gr/dscf
(6.4 and 28.8 mg/m?). Corresponding mass emission rates were 0.019 and 0.47 Ib/h,
respectively. In Tests 2 through 5, VI and VO test results were very similar and, in
some cases, showed higher outlet results (Tests 2 and 5). This is believed to be a
function of scrubber operation in that no mist elimination system is in place. Visual
observation of the system indicated a significant water carryover rate at the outlet test
location and resulted in entrained particulate (in the water droplets) being collected at
the samgpling location.

Emission samples collected at each location were subjected to a metals analy-
sis for Cd, Cr, Pb, and Zn. As reported, all four metals were found in all samples col-
lected at the Al. The highest metals concentrations were observed in Tests 2,5, 6,
and 7. Tests 2, 5, and 6 correspond to the largest FBPS charge weights, and Test 7
was conducted at a baseline (no-load) condition.

As reported, metals concentrations were reduced &cross the system in close
parallel with total particulate reductions.

2.4 Total Hydrocarbon Test Resuits

Table 2-6 summarizes the THC test results for the test periods indicated. Con-
centrations are reported in parts per milion (ppm) as methane on both a wet and dry
basis. The average volumetric flow rates measured at the indicated locations were
used to calculate mass emission rates.

No measurements were made at the VO test location because of the high mois-
ture content of the gas stream. The VI data (February 26) show essentially nondetect-
able THC levels covering Tests 1 and 2. Even though no measurements were made
at the VO outlet, it is reasonable to assume that the same nondetectable tevel of THC
would be observed at the VO outlet based on the VI results. After the February 26
tests, the decision was made to monitor exclusively the Al location and no furtiner
measursments were made at the VI or VO locations.

2-7
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TABLE 2-6.

SUMMARY OF HYDROCARBON EMISSIONS DATA

Date

Time

THC concentration, ppm

Average volumetric

THC emission

Range  (1951)  (24-h) Wet Ory flow rate, dscfm rate, 1b/h
Venturi inlet
0-500  2/26  1011-1045 7.4, 8.3 1003 0.021
0-100 1106-1429 2.5 2.8 1003 0.0070
0-100 1428-1503 4.4 4.9 1003 0.012
0-110 1503-1522 2.5 2.8 1003 0.0070
Afterbyrner inlet
0-100 2/27 0923-1019 3.8 4.0 378 0.0038
0-5000 1019-1105 >5000 >5275 379 4.98
0-500 1105-1135 210 221.5 379 0.21
0-100 1135-1143 53.8 56.8 378 0.054
0-100 1143-1245 14 33.1 379 0.031
0-100 1245-1255 49.1 51.8 379 0.049
0-100 1255-1331 32.6 34 .4 379 0.032
0-500 1331-1340 >560 >591 379 0.56
0-5000 1340-1346 >2670 >2816 379 2.66
0-100 1346-1430 130.3 137.4 379 0.13
0-100 1430-1445 39.7 41.9 379 0.040
0-100 1445-1533 18.5 19.5 379 0.018
0-500 2/28 0805-0837 >2600 >2743 379 2.59
0-500 0837-0903 71.7 75.6 379 0.071
0-500 0903-0920 40.3 42.5 379 0.040
0-500 0920-0536 29.8 31.4 379 0.030
0-5C0 0936-1009 19.4 20.5 37s 0.019
0-500 1009-104] 12.4 13.1 3718 0.012
0-500 1041-1128 10.6 11.2 379 0.011
0-500 1128-1157 >2600 >2743 37 2.59
0-500 1157-1253 83.9 88.5 379 0.084

8 0-500 ppm range (detection limit 10 ppm).
b 0-100 ppm range (detection himit 12 ppm).
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The Al data were relatively consistent, with the exception of large THC spikes
corresponding to Tests 4, 5, 6, and 8. The duration of each spike is indicated by the
corresponding time interval in Table 2-6.

2.5 Process Sample Analytical Results

Table 2-7 summarizes the process sample analytical results. A total of six sand
and four water samples collected during the test program were analyzed for the speci-
fied metals.

Sand Sample 1 was collected from a randomly selected drum (No. 16864) of
the virgin sand used to charge the fluidized bed. Samples 2 and 5 are the cold-bed
pre- and post-test samples and Samples 3 and 4 are the hot-bed pre- and post-test
samples. Sample 6 is the dust sample collected from the cyclone between the beds
and the afterburner.

The water samples were collected as a series of grab samples during the emis-
sions tests. Samples 30 and 34 were taken while cadmium- and zinc-plated parts
were being processed in the FBPS, and Sample 32 was collected while aluminum-

SR KN OB G BN N N By EE

plated parts were being processed.

TABLE 2-7. PROCESS SAMPLE ANALYTICAL RESULTS

Metal concentration, ;zg/ga

Sample ID Cadmium Chromium  Lead Zinc
Sand - 1 P 9.8 0.7 2.9
Sand - 2 1.7 13 18 16
Sand - 3 5.5 24 Z3 34
Sand - 4 26.7 14.3 25.9 38.4
Sand - 5 2.8 15 23 22
Sand - 6 40.4 35.1 77.5 161

Metal concentration, mg/Lc
Water - 30 0.004 0.083 ND 0.082
Water - 31 0.002 0.030 0.0041 0.031
Water - 32 ND 0.007 0.0007 0.021
Water - 34 0.007 0.064 ND 0.20
a ug9/9 = Micrograms per gram.

b ND = Nondetectable.
¢ mg/L = Milligrams per liter.
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SECTION 3

QUALITY ASSURANCE PROCEDURES AND RESULTS

The procedures described in the Quality Assurance Project Plan were foliowed
in all field sampling analyses. The following subsections describe the quality assur-
ance (QA) procedures and the results obtained.

3.1 Fieid Sampling Quality Assurance

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, Yolume Iil,* EPA 600/4-72-0278B,
August 1977. The calibration data are summarized in Table 3-1. Calibra-
tion guidelines 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.

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

° Use cf designated equipment and reagents.

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

3.2 Continuous Emission Monitor - THC

The following QA procedures pertain to the use of the THC continuous emis-
sion monitor (CEM):

3-1
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° Use of designated sampling equipment and procedures. The CEM met
all performance requirements of U.S. EPA Method 25A. All components
in the sampling system were either 316 stainless steel (probes) or Teflon
(sampling line and pump diaphragms).

° System leak checks and integrity checks. Pricr to the start of the first
test, the entire sampling system from the probe to the analyzer inlet was
leak-checked by plugging the probe inlet and evacuating the system to
15in.Hg. The vacuum was observed for § minutes to ensure that the
system was leak-free.

° System integrity and bias were measured by injecting calibration gases
through a three-way valve at the probe outlet and comparing the re-
sponse obtained with the response obtained when the gas was intro-
duced directly to the analyzer. System integrity test results are listed on
the data sheets in Appendix B. System bias in all cases was less than
2 percent of scale.

3

° Pre- and post-test calibrations. At the beginning and end of each test
day, the analyzer was ca'brated with three standards in the analytical
range and zero nitrogen. The calibration data were reduced by linear
regression analysis and the linear equations were used for data reduc-
tion. Calibration data are summarized in Table 3-2. Copies of the strip
charts are contained in Appendix B.

TABLE 3-2. THC MONITOR QA/QC RESULTS

{alibraticn Correlation

Monitor Date (1991) error, % of spana Drift, % of span coefficient
THC 2/25 0.25 - 0.9999
THC 2/26 0.15 0.12 0.9999
THC 2/27 0.16 1.20 0.9999
THC 2/28 0.16 1.73 0.9999

3 Calibration error = {&al. gas conc. - conc, . x 100.

Span value _
Calibration error is average value from four calibration gases.

b prift - (Posttest cal. response - initial cal. response) , 100.

Span value
Drift error is average value from four calibration gases.

NOTE : %a]ibration error and drift checks were all within the Method 25A
imits.
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3.3 Analytical Quality Assurance

The laboratory QA procedures outlined in the Quality Assurance Project Pian
were followed for each type of analysis.

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

° 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.

° Duplicete analysis of selected samples.

Particulate

As a check of the gravimetric analytical procedures. a blank filter and reagent
" (acetone) were analyzed in @ manner similar to that used for actual field sampling.
Table 3-3 summarizes the particulate t!ank data. The blank corrections were applied
: to the particulate data.

TABLE 3-3. FILTER AND REAGENT BLANK ANALYSIS DATA

ITAS Lab Tare Average -gross Net difference,
Sample type No. weight, mg weight, mg mg
Filter (9070094) X10305509-A 468.2 469.1 0.9
Acetone X10305509-8  107,373.9 107,376.0 2.1mg

- (0.0077 mg/q)

Metals

Quality assurance for metals (Cr, Cd, Pb, Zn) included filter reagent blank data,
duplicate analysis (Pb only), and Standard Reference Solution (SRS) analysis. These
data are summarized in Table 3-4. Method Detection Limit (MDL) data for the stack
emission samples are summarized in Table 3-5.
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TABLE 3-4. METALS QA/QC DATA
(EMISSION SAMPLES)

SRS data
Filter and HNO;/H,0, Theoretical Percent recovery
Metal blank data, ug value, mg/L (duplicate)
Chromium 9.6 1 85.6, 87.8
Cadmium 2.4 1 86.7, 95.8
Lead 2.4 0.75 92.0, 84.4
Zinc 58 1 80.4, 82.9

TABLE 3-5. METHOD DETECTION LIMIT DATA

(total ug)
Afterpurner Venturi scrubber Venturi scrubber
Metal inlet inlet outlet _
Chromium 3 3 3
Cadmium 2 2 2
Lead 11 0.6 0.6
Zinc 5 5 5

As indicated, the lead analyses were performet in duplicate; laboratory report
values (Appendix C) represent the average of the duplicate analysis.

Metals blank corrections were applied to all reported data using the blark val-
ues summarized in Table 3-4. The reported SRS data are within the guidelines estab-

lished for each metal analyte.

Process Samples

Quality assurance for the process samples included SRS analysis and duplicate
analysis for lead. The percent recovery data for all metals were within the guidelines
specified in the analytical methods. These data are contained in Appendix C.
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SECTION 4

FLUIDIZED-BED PAINT STRIPPER OPERATION

Table 4-1 summarizes the FBPS operation and type of emission tests conduct-
ed during this test program.

TABLE 4-1. FBPS OPERATION AND TYPE OF EMISSION TESTS

Emission test part

After- V] between wet Vo
Test Date FBPS burner cap and atmospheric Net wt. of
No. (1991) test MNo. inlet scrubber emissions Types of parts charged charge, 1b
1 2/26 029 { { ' Scrap aluminum 319
2 2126 030 ' { v Cd- and Zn-plated and 956
scrap alumiaum
3 2/27 031 { ' ' Ncne 0
4 2/ 032 { / 'S Scrap aluminum 235
5 2/27 033 7 ') 'S Roadarms 996
6 2/28 034 ' a ' Cd-plated and scrap 964
aluminum
7 2/28 035 7 2 ' None 0
8 2/28 036 ! a { Roadarms with oil and 700
~_grease

a
Afterburner inlet and scrubber outlet tests only.

On February 26, 1991, the first emission test was conducted with painted alumi-
num parts processed in the FBPS. In the second emissions test, Cd-plated, Zn-
plated, and painted parts were processed in the FBPS. Two painted parts had been
weighed and marked before and after the test to determine the amount of paint re-

moved. A composite wet cap/scrubber water sample was collected during this test.
The plated parts from the second test were sent to be replated.




On February 27, three 1-hour emission tests were run. The first run (Test 3)
was without any parts loaded in the hot bed. A water sample was collected durir.3
this test. For the second run (Test 4), the unit was loaded with painted aluminum
parts.  water sample was also collected during this test. For the third run (Test 5),
Bradley Roadarms were processed in the FBPS. These parts had a combination of
paint and grease.

On February 28, tirree additional 1-hour emission test runs were performed.
Test 6 was run with Cd- and Zn-plated parts and painted parts in the FBPS. Three of
the Cd-plated parts had been marked and weighed before and after plating, and after
the test run. Also, five steel plates were included with the test part. The plates had
been sandblasted clean, and their thickness measured, weighed, piated, and mea-
sured again. After the test run, the thickness and weight of each plate were again
checked. A water sample was collected during the test.

The seventh emission test was conducted with no parts in the hot bed. For the
eighth test, the parts baskets were loaded with painted M113 Roadarms. To these
were added an additional 4.5 ounces of oil and 6.75 ounces of grease, simulating typi-
cal grease and oil loads. This test run was performed to correlate the hydrocarbon
emissions with the amount of hydrocarbon in the charge.

Several representative plated parts were measured and weighed to determire
an average area-to-weight ratio for calculating the amount of plating on the miscella-
neous steel parts. After the eighth test was run, posttest hot-bed and cold-bed sand
samples and a cyclone dust sample were collected.
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SECTION 5

SAMPLING LOCATIONS AND TEST METHODS USED

Figure 5-1 depicts the FBPS unit and sampling locztions used in this test pro-
gram. At the VO, two sampling ports 90 degrees off-center were located more than
13 duct diameters from both the nearest upstream and downstream disturbances in
the 9-in.-inside-diameter (i.d.) round duct. A total of eight sampling points, four per
port, were used to traverse the cross-sectional area of the duct. U.S. EPA Meth-
ods 1A and 2C were used to measure volumetric gas flow rates at each location.*
Velocity heads and temperature were measured at each point prior to testing. These
data were then used to set isokinetic sampling rates at each point because the pitot
tube and thermocouple are not attached to the sampling probe when smail (less than
12-in.-i.d.) ducts are measured. Between-test velocity measurements varied less than
10 percent. The initial test at the VO was 105 minutes in duration. All remaining tests
were 60 minutes in duration (7.5 minutes per point).

At the VI, only one sampling port was available for use in this study. The geo-
metric configuration of the ductwork and surrounding equipment precluded a multiport
traverse at this location. A total of six sampling points were used to measure volumet-
ric flow rates in the 6-in.-i.d. round duct. This single port was located approximately
5 duct diameters downstream and 3 duct diameters upstream from the nearest flow
disturbances.

These same points were used to traverse the cross-sectional area of the duct.
The initial test was 120 minutes in duration (20 minutes per point) and the remaining

* 40 CFR 60, Appendix A, July 1990.
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tests were 60 minutes in duration (10 minutes per point). Once again, between-test
flow measurements varied less than 10 percent.

The Al test location was similar to that of the VI location in that only one port
was available for access to the gas stream. In addition, because the port coupling ex-
tended from the outside duct wall into the stainless steel round duct, an accurate in-
side diameter measurement was impractical. Therefore, a nominal diameter of 5 in.
(based on design specifications) was used in all flow-rate calculations. Samples from
this location were collected isokinetically at a single point in the duct. The initial test
was conducied for 120 minutes, and the remaining seven tests conducted for 60 min-
utes. Gas compositions (O, and CO,) were measured at each location by a Fyrite gas
analyzer.

The following subsections briefly describe the sampling methods used. Detailed
descriptions are contained in Appendix D.

5.1 Particulate/Metals

The muitimetals/particulate procedures follow those in U.S. EPA’s "Methodology
for the Determination of Trace Metal Emissions From Stationary Source Combustion
Processes."* The sampling train was a Method 5 train with two impingers containing
5 percent nitric acid (HNO,)/10 percent hydrogen peroxide (H,0,) solution. The train
uses a quartz fiber filter and a borosilicate 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.

* Methodology for Determination of Trace Metal Emissions From Stationary Source
Combustion Processes, July 1988.

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




5.2 Total Hydrocarbons

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

The monitor was assembled anc calibrated per method specifications. The sys-
tem sampling probe was located at the centroid of each sampling duct, and sampling
was conducted successively at the Al and VI test locations.
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APPENDIX A

COMPUTER PRINTOUTS AND EXAMPLE CALCULATIONS




N lat 1 Dimensi

A, = Cross-sectional area of nozzle, ft2

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

Cg = 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

%CO9 = Percent of carbon dioxide by volume, dry basis
D, = Sampling nozzle diameter, inches
Dg = Stack diameter, inches
F = Factor representing a ratio of the volume of dry flue gases generated to the
calorific value of the fuel combusted, expressed as dry standard cubic feet per

million Btu of heat input, dscf/ 106 Btu

GCV = Gross calorific value of the fuel combusted on a dry basis, Btwlb

%H = Percent of hydrogen by weight, dry basis
AH = Average pressure drop across the sampling meter flow orifice - inches of water,
in. HoO
HHYV = Higher heating value on an as-received basis, Btu/lb
%ISO = Percent of isokinetic sampling
L, = Maximum acceptable leakage rate for either a pretest leak check of for a leak
check following a component change; equal to 0.020 cubic foot per minute of 4%
of the average sampling rate, whichever is less
My = Dry molecular weight, 1b/lb-mole
mg = fuel firing rate (measured coal to boiler), Ib of coal per hour
n = Total amount of pollutant matter collected - milligrams, mg
Mg = Molecular weight of stack gas (wet basis), 1b/lb-mole
9N = Percent of nitrogen by weight, dry basis (continued)
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N lat 1Di .

Percent of nitrogen by volume, dry basis

Percent of oxygen by weight, dry basis

Percent of oxygen by volume, dry basis

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

Barometric pressure - inches of mercury, in.Hg

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

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

Total heat input - million Btu per hour, 106 Btwh

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

Volumetric flow rate - dry basis at standard conditions - dry standard cubic feet
per minute, dscfin

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

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

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

Dry gas meter calibration correction factor

Total sampling time, minutes

A-3




1. Volume of dry gas samples corrected to standard ccnditions. Note: Vm must be
corrected for leakage if any ieakage rates exceed La.
Pbar + 45
Vmstd=17.647 xVmx Y| —e——-—-""—
Tm
2. Volume of water vapor at standard conditions, ft3.

Vwstd =0.04707 xVic

3. Moisture content in stack gas.
Vwstd
Bws =
Vwstd + Vmstd
4. Dry molecular weight of stack gas.

Md = 0.44(%CO ;) + 0.32(%0 ,) + 0.28(% N, +% CO)
5. Molecular weight of stack gas.

Ms= Md(l - Bws) + 18Bws

6. Stack velocity at stack conditions, fi/s.
Ts
Vs=(85.49)(Cp)(avg\/AP) [——F7—
7. Stack gas volumetric flow rate at stack conditions, ¢cfm. Note: As = square feet.
Qs=60xVsx As
8. Dry stack gas volumetric flow rate at standard conditions, ¢fm.

Qstd = (17.647)(Qs)(g—:)(1 - Bws)
9. Concentration in micrograms per cubic meter, pg/m3

Cs= (35 315)(;,%‘;5)

(continued)
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10. Pollutant mass emission rate, lb/h.

pmr=Cs x (6243 x 107') x Qstd x 60

11 Isokinetic variation, %

o (100)(Ts ) (0.0002669 V1c) + (Y v)(bar + (4L )]

(60)(@)(Vs)(Ps)(An)




CORRECTION ¥ACTORS

17.647 = (122

Pstd

3
©.04707 = (-ﬁ—)
ml

®.44 = molecular weight of CO2/100
©.32 = molecular weight of 02/100
.28 = molecular weight of N2/100

18 = molecular weight of water (H20)

L

(1b/1b - mole)(in.Hg) ]’
(° R)(in.H ,0)

85.49 =[

©.01543 = grains per milligram (gr/mg)

(in.Hg.)(&*)
(mI)(°R)

0.002669 =
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IT AIR QUALITY SERVICES Validated 37791
EMISSION TEST REPORT
FIELD DATA
Plant: RRRA.D. Texarkana Date: 2/26/91
Sampling location: AB Inlet Run number- AIPM-1
Test time (start-stop): 0924-1124
Sample type: Part/Metals Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 30.08 Meter calibration factor: 0.980
Static press. (in. H20): -4.100 Data interval (min.); 20.0
Filter number(s): 9070076 Nozzle die. (in.): 0.194
Stack inside dia. (in.): 5.00 Meter box number: FT-11
Pitot tube coefl.: 0.84 Number of traverse poiots: 6
Total H20 collected (ml): 1168 % CO2 by volume (dry): 0.0
% 02 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 763.179 | (in. H20) (in. H20) °F) inlet outlet
20.0 774.160 0.950 0.98 192 70 70
40.0 785.000 0.950 0.94 221 74 71
60.0 795.890 0.950 0.84 259 80 74
80.0 805.600 0.950 .89 269 83 76
100.0 817.360 0.950 0.95 229 85 7
120.0 828.631 0.950 0.84 208 85 78
120.0 65.452 0.960 0.94 228 80 74
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IT AIR QUALITY SERVICES Validated 37791
EMISSION TEST REPORT
FIELD DATA
Plant: R.RR.A.D. Texarkana Date: 2/26/91 .
Sampling location: AB Inlet Run number. AIPM-2
Test time (start-stop): 1426-1628
Sample type: Purt/Metals Volume correction {(cu. ft.): 0.000 l
Bar, press. (in. Hg): 30.08 Meter calibration factor: 0.980
Static press. (in. H20): -4.100 Data interval (min.); 10.0
Filter number(s): $070092 Nozzle dia. (in.): 0.194 .
Stack inside dia. (in.): 5.00 Meter box number: FT-11
Pitot tube coefl.: 0.84 Number of traverse points: 8
Total H20 collected (ml): 96.8 % CO2 by volume (dry): 0.0
% 02 by volume (dry): 21.0 % CO by volume (dry): 0.0 '
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter .
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 831.237 | (in.H20) (in. H20) °F) inlet outlet
10.0 837.010 0.940 0.97 203 77 76
20.0 842.900 0.940 0.97 203 18 77
30.0 847.810 0.940 0.94 227 80 8
400 853.640 0.940 0.92 240 82 78
50.0 858.800 0.940 0.93 258 84 79
60.0 864.124 0.940 0.89 268 85 79
60.0 32.887 0.840 0.94 233 81 78
A-8 l




Plant:
Sampling location:
Test time (start.stop):

Sample type:
Bar. press. (in. Hg):

Page 3

IT AIR QUALITY SERVICES
EMISSION TEST REPORT

Validated 379)

R.RA.D. Texarkana

AB Inlet
0808-0908

Part/Metals
29.97

FIELD DATA

Date: 2/27/91
Run number. AIPM-3

Volume correction (cu. f.): 0.000
Meter calibration factor: 0.980

Static press. (in. H20): -4.100 Data interval (min.): 10.0
Filter number(s): 8070052 Nozzle dia. (in.): 0.184
Stack inside dia. (in.): 5.00 Meter box nymber: FT-11
Pitot tube coefl.: 0.84 Number of traverse points: 8
Total H20 collected (ml): 5.9 % CO2 by volume (dry): 0.0
% 02 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orfifice drop
time reading head actual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 865.797 |_(in. H20) (In. H20) _(°F)_ inlet outlet
10.0 871.000 0.940 0.86 276 72 7
20.0 876.080 0.940 0.86 279 72 72
30.0 881.207 0.940 0.86 281 4 72
40.0 886.480 0.940 0.86 283 78 73
50.0 891.740 0.940 0.86 285 80 74
60.0 896.902 0.940 0.86 285 82 75
60.0 31.1086 0.940 088 281 76 73
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IT AIR QUALTTY SERVICES Validsed 3791 .
EMISSION TEST REPORT
TEST RESULTS .
Plant: R.RRA.D. Texarkaua Test date(s):  2/26/81 2/26/91 2/27/181
Sarapling location: AB Inlet
Run Numbers .
AIPM-1 AlPM-2 AIPM-3  AVERAGE
o Net time of test (min) esanaan 120.0 60.0 60.0 .
NP Net samplingpoints e d [ 6
Y Meter colibration factor e 0.980 0.380 0.980 '
Dn Sampling nuzzle diameterin) e 0.194 0.194 0.194
Cp Pitot tube coeflicient e 0.84 0.84 0.84 .
AH Average orifice pressure drop (in. H20)  ..eees 0.94 0.94 0.86 0.91
Vm Volume of dry gas sampled .. 65.452 $2.887 31.106 43.148 .
at meter conditions (cu. f.)
I Tm Average gas meter temperature  f) el 76.9 794 746 77.0
Vmstd  Volume of dry gas sampied o 63.518 31.767 30.221 41836 I
at stanuard conditions (scf)
Vle Total H20 collected in impingers  ~ —eees 115.¢ 95.5 5.9 24
and silica gel (ml) l
Vwstd  Volume of water vapor at PRTTIPNs 5.451 4.495 0.278 3.408
standard conditions (scf)
Bwe Percent moisture by volume, aa measured = ceeeees 7.90 12.40 0.91 7.07 '
Percent moisture by volume, at saturation ~  -..-eel 100.00 100.00 100.00 100.00
Percent moisture by volume, used in calculations e 7.90 12.40 0.91 7.07
Fmd Mcle fractionofdrygas ... 0.92. 0.876 0.991 0.929 '
«.CO2 Percent CO2 by volume (dry} e 0.0 0.0 0.0 0.0
%02 Percent O2 by volune ‘dry) - 21.0 21.0 21.0 21.0 !
%CO Percent CO by volume (dry) —— 0.0 0.0 0.0 0.0
%N2 Percent N2 by volume (dry) c— 79.0 79.0 790 79.0 '
Md Molecular weight - dry stack gas ———ae- 28.84 28.84 28.84 28.84
Ms Molecular weight - stack gas e 27.98 27.60 28.74 28.07 !
Pbar Barometric pressure (in. Hg) ... 30.06 30.06 29.97 30.03
Psi Static pressure of stack gas (in. H20) e ~4.100 -4.100 -4.100 -4.100 .
Pe Stack pressure - bsolute (in. Hg) e 29.76 29.76 29.67 29.73
Te Average stack gus temperature °F) ceeeee. 228.2 2332 2813 247.8 '
]
|
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IT AIR QUALITY SERVICES Validated 3891
EMISSION TEST REPORT
TEST RESULTS
Plant: RR.A.D. Texarkena Test dateia: 2/26/81 2/26/91 2/21/81
Sampling location: AB Inlet
Run Numbers
AIPM-1 AIPM-2 AIPM-3 AVERAGE
Vh Average square root of velocity head Gn. H20)  -eeeeee 0.9747 0.9695 0.9695 0.9713
Vs Average stack gas velocity (feet/sec))  eeeenes 63.63 64.08 64.92 8421
As Stack area(sq.in.) e 19.6 19.6 19.6 19.8
Qs Actual stack flow rate (acflm)  eeeenns 6.1 524 631 828
Qsstd Stack flow rate - drv (sefm) e 366 348 372 362
1SO Percent isokinetic e 96.1 101.1 90.0 95.7
Masa of pollutant = 3289 118.7 20.0
If below detection li- replace O with 1. 0 0 0
Mo Particulate mass mg 328.9 118.7 20.0
r
Cs Particulate con. . . .uD gridscf 7.990E-02 6.765E-02 1.021E.02 4.925E.02
Pmr Partirulate emisslon rate Ib’h  2.505E-01 1.720E.01 3233E-02 1517E-01
Mass of pollutant = 160.0 63.0 5.3
If below detection limits, replace O with 1. 0 0 0
Mo Cadmium mass RE 160.0 63.0 83
Ce Cadmfium concentration ug/m3 88.956 70.035 6.193 55.061
Pmr Cadmium emissfon rate 1b/h 1.219E-04 9.126E.05 8.621E-08 7.392E-08
Mass of pollutant = 190.0 240.4 3.0
If below detection limits, replace 0 with 1. 0 0 1
Mn Chromium mass HEg 190.0 240.4 <3.0
Cs Chromium concentration pg/m3 105.6356 287245 <3.508 128.462
Pmr Chromium emission rate 1b/h 1.447E-04 S.483E.04 <«4.880E-08 1480E-04




Ce

Pmr

Pmr

Cs

Pmr
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IT AIR QUALITY SERVICES Valdated 3891
EMISSION TEST REPORT
TEST RESULTS
Plant: RR.A.D. Texarkana Test datc{s):  2°26/91 2/28/91 2/27/9%
Sampling location: AB Inlet
Run Numbers
AIPM-1 AlPM-2 AIPM-3  AVERAGE
Mass of pollutant = 1300.0 4320 280
1f below detection limits, replace 0 with 1. 0 0 0
Zinc maas HE 1300.0 432.0 28.0
Zinc concentration ug/m3 722.768 480241 32.719 411.909
Zinc emission rate lbh  9.903E-04 6258E-04 4.584E.085 65.539E.04
Mass of pollutant = 540.0 160.0 49.0
If below detection limits, replace 0 with 1. 0 0 0
Lead msss Hg 840.0 160.0 49.0
Lead concentration ug'm3 300227 177.867 67258 178.451
Lead emission rate 1b/h 4.114E-04 2318E-04 17.970E-068 2.409E-04
Mass of pollutant = 0.0 0.0 0.0
If below detrction limits, replace 0 with 1. 0 0 0
<pollutant> mass mg 0.0 0.0 0.0
<pollutant> concentration gridscf 0.000E«00 0.000E+00 0.000E+00 0.000E+00
<pollutant> emission rate 1bh  0.000E+00 0.000E+00 0.000E+00 0.000E+00
Mass of poliutant - 0.0 0.9 0.0
If below detection limits, replace 0 with 1 [} 0 0
<pollutant> mass mg 0.0 0.0 0.0
<pollutant> concentration gridscf 0.000E+00 O©.000E+00 0.000E+00 0.000E+00
<pollutant> emission rate lb/h  0.000E+00 0.000E+00 0.000E+«00 0.000E+00
Mass of pollutant = 0.0 0.0 0.0
If below detection limits, replace 0 with 1. 0 0 0
<pollutant> mass mg 0.0 0.0 0.0
<pollutant> concentration gridscf 0.000E+00 0.000E+00 0.000E+00 0.000E400
<pollutant> emission ratc lb/h  0.000E+00 0.000E+00 0.000E+00 0.000E+00




Plant:
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IT AIR QUALITY SERVICES
EMISSION TEST REPORT

Valhidated 3781

R.RAD. Texarkana

FIELD DATA

Date: 2/27/81

Sampling location: Afterburner Inlet Run number: AIPM-4
Test time {start-stop): 1038-1138
Sample type: Part/Metals Volume correction (cu. f.): 0.000
Bar. press. (in. Hg): 29.97 Meter calibration factor: 0.980
Static press. (in. H20): -4.100 Data interval (min.): 10.0
Filter number(s): 9070045 Nozzle dia. (in.): 0.194
Stack inside dia. (in.): 8.00 Meter box number: FT-11
Pitot tube coefT.: 0.84 Number of traverse points: 8
Total H20 collected (ml): 16.1 % CO2 by volume (dry): 0.0
% O2 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 897.928 |__(in. H20) (in. H20) CF) inlet outiet
10.0 903.340 0.940 1.06 146 16 76
200 908.800 0.940 1.02 168 77 76
30.0 914.400 0.940 0.08 192 79 76
40.0 919.800 0.940 0.96 210 81 77
50.0 925.500 0.940 0.96 214 81 Kii
60.0 931.038 0.940 0.96 216 82 78
80.0 83.110 0.940 0.99 191 79 77
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IT AIR QUALITY SERVICES Validated 37791
EMISSION TEST REPORT
FIELD DATA
Plant: RR.A.D. Texarkana Date: 2/27/91
Sampling location: Afterburner Inlet Run pumber: AIPM-5
Test time (start.stop): 1330-1430
Sample type: Part/Metale Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 20.97 Meter calibration facter: 0.980
Static press. (in. H20): -4.100 Dats interval (min.): 10.0
Filter pumber(s): $010412 Nozzle dia. (in.): 0.194
Stack inside dia. (in.): 5.00 Meter box pumber: FT-11
Pitot tube coell.: 0.84 Number of traverse points: 6
Totel H2O collected (ml): 114.8 % CO2 by volume (dry): 0.0
% 02 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter
(min) {cu. ft.) AP AH Temp. temp. (°F)
0.0 931815 | (in. H20) (in. H20) [642) _inlet outlet
10.0 937.440 0.940 1.01 176 8 i
20.0 942.940 0.940 0.97 205 78 77
30.0 948.400 0.940 0.94 228 80 78
40.0 953.820 0.940 0.91 246 82 79
50.0 959.400 0.940 0.90 256 84 80
60.0 964.720 0.940 0.90 262 85 80
80.0 32.805 0.940 0.94 29 81 79

’v-----m------
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IT AIR QUALITY SERVICES Validatad 3791
EMISSION TEST REPORT
FIELD DATA
Plant: RRA.D. Texarkana Date: 2/28/91
Sampling locetion: Afterburner Inlet Run number. AIPM-8
Test time (start-stop): 0800-0900
Sample type: Part/Metals Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.78 Meter calibration factor: 0.980
Static press. (in. H20): -8.300 Data interval (min.): 10.0
Filter number(s): #010487 Nozzle dia. (in.): 0.194
Stack inside dia. (in.): 8.00 Meter box number: FT-11
Pitot tube coefl.: 0.84 Number of traverse points: 8
Total H20 coliected (ml): 10.9 % CO2 by volume (dry): 0.0
% 02 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head sctual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 965.043 | (in. H20) _(in. H20) (°F) inlet outlet
10.0 970.760 1.000 1.02 200 73 12
20.0 976.700 1.000 1.12 141 73 72
30.0 982.370 1.000 1.08 159 74 72
40.0 988.420 1.000 1.07 168 79 3
50.0 994.000 1.000 1.07 171 79 74
60.0 999.855 1.000 1.07 170 81 75
60.0 34812 1.000 1.07 188 7 13
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IT AIR QUALITY SERVICES Vaidated 3791 .
EMISSION TEST REPORT
TEST RESUL1 3 ‘
Plant: RRR.A.D. Texarkana Test date(s):  2/27/91 2/27M1 2/28/91
Sampling location: Afterburner Inlet
Run Numbers .
AIPM-4 AIPM.6 AIPM-6 AVERAGE
0o Net time of test (min) B 60.0 60.0 60.0 '
NP Net sampling points D 6 6 6
Y Meter calibration factor e €.980 0.980 0.980
Dn Sampling nozzle diameter (in) overm 0.194 0.194 0.194 '
Cp Pitot tube coefficient ~ eeeen 0.84 0.84 0.84
AH Average orifice pressure drop (in. H20) ceeeeee 0.99 0.94 1.07 1.00 .
Vm Volumec of dry gassampled el 33.110 32.905 34 812 33.6808
at meter conditions (cu. ft.) l
Tm Average gas meter temperature (°F)  ceees 78.0 79.8 74.8 718
Vmstd  Volume of dry gas sampled — 31.976 31.665 33.682 32.408 '
at standard conditions (scf)
Vie Total H20 collected in impingers seeen 16.1 1148 10.9 473
and silica gel (ml]) .
Vwstd  Volume of water vaporat e 0.758 5.404 0.513 2225
standard conditions (scf)
Bws Percent moisture by volume, as measured —— 2.32 14.58 1.50 8.13 .
Percent moisture by volume, at saturation ~ ceeees 65.38 100.00 39.74 688.37
Perceot moisture by volume, used in calculations  -wceen- 2.32 14.58 1.50 6.13
Fmd Mole fraction of dry gas e 0.977 0.854 0.985 0.938 '
GCO02  Percent CO2byvolume(dry) oo 0.0 0.0 0.0 0.0
%02 Percent 02 by volume (dry) ———— 210 210 21.0 21.0 l
9%CO Percent CO by volume (dry) — 0.0 0.0 0.0 0.0
®N2 Percent N2 by volume (dry) — 79.0 79.0 9.0 79.0 .
Md Molecular weight - dry stack gas — 28 .84 28.84 28.84 28.64
Ms Molecular weight - stack gas — 28.59 27.26 28.68 28.18 '
Pbar Barometnc pressure (in.Hg) e 29.97 29.97 29.75 29.90
Psi Static preasure of stack gas (in. H20) e -4.100 -4.100 -5.800 -4.600 '
Ps Stack pressure - absolute (in. Hg) e 2967 25.67 29.36 29.57
Te Average stack gas temperature (°F)  eeeeees 191.0 228.8 168.2 196.0 l
|
|
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IT AIR QUALITY SERVICES Validated 3791
EMISSION TEST REPORT
TEST RESULTS

Plant: R.R.A.D. Texarkana Test date(s):  2/27/81 227/91 2/28/91
Sampling location: Afterburner lalet

Run Numbers
AIPM.4 ~— AIPMS __ AIPM-6__AVERAGE

Vh Average aquare root of velocity head (in. H20)  -eeenn. 0.9695 0.9695 1.0000 0.9797
Vs Average stack gas velocity (feetsec.) eeeeens 51.00 64.25 62.03 82.43
As Stack area(sq.in) e 19.6 19.6 19.6 19.8
Qs Actual stack flow rate (acfm)  eeeeees 499 626 807 5811
Qsstd Stack flow rate -dry (8efm) e 392 341 412 382
I1SO Percent isokinetic . 90.3 102.7 90.2 214
Mass of pollutant = 55.5 103.2 112.9
If below detection limits, replace 0 with 1. 0 0 0
Mn Particulate mass mg 655 1032 112.9
Ce Particulate concentration gridscf 2.8678E-02 5.029E-02 G5.187E-02 4.298E-02
Pmr Particulate emnission rate 1b/h  9.000E-02 1.471E.¢1 1.833E-01 1401E-01
Mass of pollutant = 9.6 40.0 61.0
If below detection limita, replace O with 1. 0 0 0
Mo Cadmfium mass ug 9.6 409 1.0
Cs Cadmium concentration Hg/m3 10.603 44.810 84.147 39.788
Pmr Cadmium emission rate Ib/h  1.557E-05 5.702E.05 9.8904E.05 6.721E-05
Mass of pollutant = 274 1204 65.4
If below detection limits, replace 0 with 1. 0 0 0
Mo Chromium mass g 27.4 1204 65.4
Cs Chromium concentration Hg/m3 30262 134276 68.774 71770
Pmr Chromjum emission rate 1b/h  4.443E-06 1.716E-04 1.062E-04 1.074E-04
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IT AIR QUALITY SERVICES Validated 3791
EMISSION TEST REPORT
TEST RESULTS

Plant: RRR.A.D. Texarkana Test date(s):  2/27/81 2/27/191 2/28/M81
Sampling location: Afterburner Inlet

Run Numbers
AlPM-4 AIPM-8 AIPM-8 AVERAGE

Macaof pollutant = 20.0 602.0 2120
If below detection limits, replace O with 1. 0 (] 0
Mn Zinc mass Mg 20.0 €02.0 212.0

Cs Zinc concentration ug/m3 22.089 671378 2228368 305.467

Pmr Zinc emission rate 1b/h 3243E-05 8.582E-04 3.442E-04 4.116E.04

Massof pollutant = 64.0 160.0 190.0
If below detection limits, replace 0 with 1. 0 0 0
Mn Lead mass Hg 64.0 160.0 190.0

Ce Lead concentration ug/m3 70.684 178.439 199.801 148.641

Pmr Lead emission rate 1b/h 1.038E-04 2281E-04 S.088E-04 2.135E-04

Mass of pollutant = 0.0 0.0 0.0
If below detection limits, replace 0 with 1. 0 0 0
Cs <pollutant> concentration gridscf 0.000E+00 0.000E+00 0.000E+00 0.000E«+00

Pmr <pollutant> emission rate 1bh  0.090E+00 0.000E+00 0.000E+00 0.000E+00

Mass of pollutant = 0.0 0.0 0.0
If below detection limits, replace 0 with 1. 0 0 0
Mn <pollutant> mass mg 0.0 0.0 0.0

Cse <pollutant> concentration gr/dscf 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Pmr <pollutant> emission rate lbvh  0.000E+00 0.000E+00 0.000E+00 0.000E+00

Mass of pollutant = 0.0 0.0 0.0
If below detection limita, replace 0 with 1. 0 0 0
Mn <pollutant> mass mg 0.0 0.0 0.0

Ce <pollutant> concentration gridscf 0.000E+00 0.000E+00 0.000E+00 0.000E«00

Pmr <pollutant> emission rate Ib/h  0.000E+00 0.000E+00 0.000E+00 0.000E«+00

A-18

Mn <pollutant> mass mg 0.0 0.0 0.0 .
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Page 1

IT AIR QUALITY SERVICES
EMISSION TEST REPORT

Validated 3781

R.RA.D. Texarkana

FIELD DATA

Date: 2/28/91

Sampling location: Afterburner Inlet Run number: AIPM-7
N Test time (start-stop): 0045-1045
Sample type: Part/Metals Volume correction (cu. .): 0,000
Bar. press. (in. Hg): 20.76 Meter calibration factor: 0.980
Static press. (in. H20): -5.300 Data interval (min.): 10.0
Filter number(s): 9010833 Nozzle dia. (in.): 0.194
Stack inside dia. (in.): .00 Meter box number: FT-11
Pitot tube coefl.: 0.84 Number of traverse points: 6
Total H20 collected (ml): 7.3 % CO2 by volume (dry): 0.0
% 02 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gae meter Velocity Orifice drop
time reading head actusl Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 0.129 | _(in. H20) (in. H20) (°F) inlet outlet
10.0 6.630 1.000 0.96 250 78 ki
20.0 11.370 1.000 1.01 210 78 76
30.0 17.700 1.000 1.03 200 79 77
40.0 23.300 1.000 1.03 190 81 77
50.0 28.940 1.000 1.08 169 83 78
60.0 34.900 1.000 1.08 168 84 78
80.0 34.771 1.000 1.03 198 81 7
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IT AIR QUALITY SERVICES Validatad 37 91
EMISSION TEST REPORT
FIELD DATA
Plant: RR.A.D, Texarkana Date: 2/28/81
Sampling location: Afterburner Inlet Run number: AIPM-8
Test time (start-stop): 1183-1253
Sample type: Part/Metals Volume correction (cu. ft.): 0,000
Bar. press. (in. Hg): 29.78 Meter calibration factor: 0.980
Static press. (in. H20): -5.300 Data interval (min.): 10.0
Filter number(s): 9010832 Nozzle dia. (in.): 0,194
Stack ineide dia. (in.): .00 Meter box number: FT-11
Pitot tube coefl.: 0.84 Number of traverse points: 8
Total H2O collected (ml): 102 % CO2 by volume (dry): 0.0
% 02 by volume (dry): 21.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gus meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 46023 | (in. H20) (in. H20) CF) inlet outlet
10.0 §2.900 1.000 1.27 74 80 Kl
20.0 68.450 1.000 0.96 249 81 78
30.0 64.100 1.000 0.95 253 83 78
0.0 70.250 1.000 0.95 257 85 79
0.0 76.310 1.000 0.95 260 87 80
60.0 80.973 1.000 0.95 260 87 81
60.0 34.950 1.000 1.01 226 84 9
A-20
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IT AIR QUALITY SERVICES Validated 3781
EMISSION TEST REPORT
TEST RESULTS

Plact: RRR.A.D. Texarkana Test date(s):  2/28/91 2/28/91 1/1/04
Sampling location: Afterburner Inlet

Run Numbers

AIPM.7 "~ AIPM-8__ o AVERAGE
1] Net time of test (min) B 60.0 60.0 0.0
NP Net sampling pointe —— 6 6 6
Y Meter calibration factor D 0.880 0.980 0.000
Dn Sampling nozzle diameter (in) —mveems 0.194 0.194 0.000
Cp Pitot tube coeflicient ~ eeseees 0.84 0.84 0.00
aH Average orifice pressure drop (in. H20) -eeeee 1.03 1.01 #DIV/NO) DIVAR
Vm Volume of dry gas sampled — 34771 34.950 0.000 23240
at meter conditioas (cu. R.)
Tm Average gas meter temperature (°F) eee 78.8 814 #DIV/0l SDIVAL
Vmstd  Volume of dry gas sampled R 383.285 383.295 #DIV/O! v
* at standard conditions (scf)
" Vle Total H20 collected in impingers ~ =ceeeee 7.3 10.2 0.0 58
and silica gel (ml)
Vwstd  Volume of water vapor st cvneens 0.344 0.480 0.000 o278
standard conditions (scf)
Bws Percent moisture by volume, as measured ——eenen 1.02 1.42 #DIViot DIV
Percent moisture by volume, at saturation =~ eceseee 76.33 100.00 #DIV/0I aDIV/at
Percent moisture by volume, used in calculations —— 1.02 1.42 #DIV/01 DIV
Fmd Mole fraction of dry gas — 0.990 0.986 #DIV/o1 DIVAL
%C02  Percent CO2 by volume (dry) B 0.0 0.0 0.0 [ V)
%02 Percent 02 by volume (dry)  eeeeees 21.0 210 0.0 148
%CO Percent CO by volume (dry) — 0.0 0.0 0.0 o
%N2 Percent N2 by volume (dry) ————— 79.0 79.0 100.0 80
Md Molecular weight - dry stack gas s 23 84 28.84 28.00 WS
Ms Molecular weight - stack gas ——ees 28.73 28.69 #DIVNI DIV
Pbar Barometric pressure(in.Hg) e 29.75 29.76 0.00 19.98
Psl Static pressure of stack gas (in. H20) — -5.300 -6.300 0.000 -3.53%
Ps Stack pressure - absolute (in. Hg) ——eeen 29.36 29.36 0.00 19.57
Ts Average stack gas temperature CF) oo 197.8 225.5 #DIV/0! DIVt
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IT AIR QUALITY SERVICES Vaiidated 3781 .
EMISSION TEST REPORT
TEST RESULTS '
Plant: RRRA.D. Texarkana Test date(s): 22891 2/28/91 1/1/04
Sampling location: Afterburner Iniet
Run Numbers l
AIPM.7 AIPM.-8 0 AVERAGE
Vh Average square root of velocity head (in. H20)  weeeeee 1.0000 1.0000 0.0000 0.8887 .
Ve Average stack gas velocity (feet/see) e 63.42 64.79 #DIV/0! sDTV/o!
As Stack area(sq.in.) e 19.6 19.6 19.6 19.8 '
Qe Actual stack flow rate (acfm) = eeeeee 519 530 #DIV/01 #DIV/o!
Qsstd Stack flow rate - dry (sefm)  eeee 404 395 #DIV/0! #DIV/0! .
1SO Percent isokinetic .. 91.1 93.3 #DIV/0! 0DIV/0!
Mass of pollutant = 56.0 36.4
If below deteetion limits, replace 0 with 1. 0 0 0
Mo Particulate mass mg 56.0 36.4 0.0 '
Cs Particulate concentration gridscf 2.596E.02 1687E.02 #DIV/o! #DIV/o!
Pmr Particulate emission rate Ibh  9.000E-02 5.710E-02  #DIV/0! #DIV/0! '
Mass of pollutant = 160.0 44.0 0.0 '
If below detection limits, replace 0 with 1. 0 (0 0
Mn Cadmium mess 74 160.0 44.0 0.0
Cs Cadmium concentration pg/m3  169.7566 46.669 #DIV/0! #DIV/0! '
Pmr Cadmium emission rate 1b/h 2.871E-04 6.802E-06 sDIV/0! #DIV/0!
Mass of pollutant = 75.4 9.4 0.0
If below detection limits, replace 0 with 1. 0 0 (1] I
Mn Chromium mass Hg 5.4 9.4 0.0
Ce Chromiun concentration ug/m3 79.997 9.970 #DIV/0! #DIV/0!
Pmr Chromium emission 7rate 1v/h 1212E-04 1478E-08 #DIV/0! #DIV/0! .
A-22 .
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IT AIR QUALITY SERVICES Validated 3789}
EMISSION TEST REPORT
TEST RESULTS

Plant: R.RRA.D. Texarkana Test dates): 228891 2/28/91
Sampling location: Afterburner Inlet

Run Numbers
AIPM-7 AIPM.8 0

Mass of pollutant = 612.0 820 0.0
If below detection limits, replace 0 with 1. 0 0 0
mass HE 612.0 82.0 0.0
coacentration Hg/m3  649.315 86.975 eDIV/™!

emission rate 1b/h 9.83GE-04 1288E.04 #DIV/0!

Mass of pollutant = 290.0 1100 0.0
If below detection limits, 1cplace O with 1. 0 0 0
mass HE 290.0 1100 0.0
concentration ug/'m3  307.682 116.873 4DIV/0!

emission rate 1b/h 4.661E-04 1.726E.04 #DIV/0!

Mass of pollutant = 0.0 0.0 0.0
If below detection imits, replace 0 with 1. 0 0 0
mass mg 0.0 0.0 0.0
concentration gr/dscf 0.000E+00 0.000E+00 #DIV/0!

emissior rate 1b/lh  0.000E+00 0.000E+00 #DIV/0!

Mass of pollutant = 0.0 . 0.0

If below detection limits, replace 0 with 1. c 0

mass mg 0.0 X 0.0
concentration gridsct 0.000E+00 eDIV/0!

emission rate ILU/h  0.000E+00 #DIV/0}

Mass of pollutant = 0.0 0.0 0.0

If below detection limits, replace 0 with 1. 0 0 0

mass mg 0.0 0.0 0.0
concentration gridscf 0.000E+00 0.000E+00 #DIV/0! DIVl

emission rate lIbh  0.000E+00 0.000E+00 #DIV/01 #DIV/o!
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IT AIR QUALITY SERVICES Validsted 3791
EMISSION TEST REPORT
FIELD DATA
Plant: RR.A.D. Texarkana Date: 2/26/91
Sampling location: Venturi Inlet Run number: SIPM-1
Test time (start-stop): 0923-1123
Sample type: Part/Metals Volume correction (cu. ft.): 0.000
Bar. presa. (in. Hg): 3¢.08 Meter calitration factor: 0.974
Static press. (in. H20): -8.999 Data interval (min.): 20.0
Fudter number(s): 9070054 Nozzle dia. (in.): 0.171
Stack inside dia. (in.): 8.00 Meter box number: FT-4
Pitot tube coefl.: 0.84 Number of traverse points: 6
Total H20 onllected (ml): 388.1 % CO2 by volume (dry): 1.0
% 02 by volume dry): 20.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice dro;;
time reading head actual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 726931 I {in. H20) (in. H20) °F) inlet outlet
20.0 740.520 1.900 1.64 80 &6 68
40.0 752.600 1.500 1.29 84 68 68
60.0 766.620 1.900 1.61 100 73 72
80.0 780.550 2.300 1.83 138 78 74
100.0 797.900 3.500 279 139 80 76
120.0 815.669 3.400 <72 138 82 77

120.0 88.738 2417 1.98 113 6 73
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IT AIR QUALITY SERVICES Vahdsted 3791
EMISSION TEST REPORT
FIELD DATA
Plant: R.R.A.D. Texarkana Date: 2/26/91
Sampling location: Venturi Inlet Run aumber: SIPM-2
Test titne (start-stop): 1427-1627
Sample type: Part/Metals Volume correction (cu. f.): 0.00C
Bar. press. (in. Hg): 30.06 Meter calibratior. factor: 0.974
Static prees. (in. H20): .5.900 Desta interval (min.): 10.0
Filter oumber(s): 9070063 Nozzle dia. (in.): 0.171
Steck inside dia. (in.): 6.00 Meter box number: FT-4
Pitot tube coell.: 0.84 Number of treverse points: 6
Total H20 collected (ml): 196.0 % CO2 by volume (dry): 1.0
% 02 by volume (dry): 20.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter
(min) (cu. ft.) aP AH Temp. temp. (°F) C
0.0 815985 | (In. H20) (in. H20) °F) inlet outlet
10.0 823.840 2.900 2.16 98 77 76
200 831.460 2.700 1.99 10€ 78 75
300 838.370 2.100 1.58 97 80 76
40.0 846.750 3.700 2.63 129 81 77
500 856.500 4.900 3.46 133 84 78
60.0 866.432 4.800 3.40 134 85 79
60.0 80.447 3.517 2.54 116 81 77
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1T AIR QUALITY SERVICES Velhidated 3791
EMISSION TEST REPORT
FIELD DATA
Plant: RRA.D. Texarkana Dete: 2727/81 .
Sampling location: Veaturi Inlet Run number: SIPM-3
Test time (start-stop): 0807-0907
Sample type. Part/Metals Volume correction (cu. ft.): 0.000 l
Bar. press. (in. Hg): 28.97 Meter calibration factor: 0.974
Static press. (in. H20): -6.900 Data intervai (min.): 10.0
Filter number(s): 8070085 Nozzle dia. (in.): 0.171 '
Stack inside dia. (in.): 6.00 Meter box nurcber: FT.4
Pitot tube coefl.: 0.84 Number of traverse points:
Total H20 collected (m]): 183.8 % CO2 by volume (dry): 1.0
% 02 by volume (dry): 20.0 % CO by volume (dry): 0.0 '
Sample Gas meter Velocity Orifice drop
time reading heud actual Stack Dry gas meter .
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 866.588 | (in.H20) (in. H20) (°F) inlet outlet
10.0 873.850 2.200 1.65 99 76 73
20.0 882.150 3.000 2.33 80 76 72
30.0 889.500 2.500 1.86 105 78 72
40.0 897.620 3.400 243 128 79 72
50.0 907.200 4.500 3.22 128 80 74
60.0 916.809 4.500 3.22 128 82 75
0.0 80221 3.350 2.46 111 78 73
A-26 '
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IT AIR QUALITY SERVICES Velidated ¥7/9)
EMISSION TEST REPORT
TEST RESULTS
Plant: R.R.A.D. Texarkana Test date(s):  2/26/91 2/26/91 2/27/91
Sampling location: Venturi Inlet
Run Numbers
SIPM-1 SIPM-2 SIPM-3 AVERAGE

(<] Net time of test (min) B 120.0 60.0 60.0
NP Net sampling poiats ~~ eeenl - 6 6 6
Y Meter calibration factor ~ eeeeme 0.974 0.974 0.974
Dn Sampling nozzle diameter (in) e 01N 0.171 0171
Cp Pitot tube ceflicient e 0.84 0.84 0.84
AH Average orifice pressure drop (in. H2Oy ~ eeeeeee 1.98 2.54 2.45 2.32
Vm Volume of dry gas sampled —eneee 88.733 650.447 50.221 63.138

at meter conditions (cu. f.)
Tm Average gas meter temperature (°F) e 73.6 78.7 76.7 759
Vmstd  Volume of dry gas sampled R 86.366 48.688 48.686 61210

at standard conditions (scf)
Vle Total H20 collected in impingers  —eeeeee 3851 196.0 163.9 2483

and silica ge! (ml)
Vwstd  Volume of water vaporat eeeene 18.127 9.226 7.715 11.689

standard conditions (scf)
Bws Percent moisture by volume, as measured = «eeeee 17.35 15.93 13.70 16.68

Pcrcent moisture by volume, at saturation  eeeeees 9.59 10.44 912 9.72

Percent moisture by volume, used in calculations  -----ee 9.59 10.44 9.12 9.72
Fmd Mole fraction of dry gas ——ee 0.904 0.896 0.909 0.903
5CO2 Percent CO2 by volume dry3 e 1.0 1.0 1.0 1.0
502 Percent O2 by volume (dry) — 20.0 20.0 20.0 20.0
%CO Percent CO by volume {dry, —— 0.0 0.0 0.0 0.0
%N2 Percent N2 by volume (dry) — 79.0 79.0 79.0 79.0
Md Molecular weight - dry stack gas e 28.96 28.96 28 96 28.96
Ms Molecular weight - stack gas —— 2791 27.82 27.96 27.90
Pbar Barometnc pressure (in. Hg)  eeeel 30.06 30.06 29.97 30.02
Psi Static pressure of stack gas (in. H20) —— -5.900 -6.900 -5.900 -8.900
Ps Stack pressur. - absolute in. Hgr  ceeeees 29.63 29.63 29 51 29.¢0
Ts Avcrage stack gas ternpersture °F,  eeeeees 113.2 116.2 113 113.6
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IT AIR QUALITY SERVICES
EMISSION TEST REPORT

TEST RESULTS

Pant: R.RRA.D, Texarkana Test date{s):  2/26/91 2/26/81 2/27/91
Sampling location: Venturi Inlet

Run Numbers

Vehidatad 3791

SIPM-1 SIPM-2 SIPM.3  AVERAGE
Vh Average square root of velocity head (in. H20)  ~-eeeet 1.5355 1.8539 1.8138 1.7344
Vs Average stack gas velocity (feet/sec) e 91.80 11132 108.34 10382
As Siack area (sq. in) ~eveene 28.3 28.3 28.3 283
Qs Actual stack {low rate (acfm) eeeene 1082 1311 1276 1223
Qsatd Stack flow rate - dry (8¢efm) e 892 1066 1058 1008
IS0 Pereent isokinetic e 108.7 99.9 99.2 102.8
Mass of pollutant = 17.8 1.5 13.2
If below detection limits, replace 0 with 1. 0 o 0
Mn Particulate mass mg 178 18 132
Cs Particulate concentration gridscf 3.180E-03 2.377E-03  4.192E-03 3250E-03
Pmr Particulate emission rate Ib/h  2.432E-02 2.171E-02 8.802E-92 2.802E-02
Mass of pollutant = 11.6 116 5.1
If below detection limits, replace 0 with 1. 0 0 0
Mn Cadmium mass bE 11.6 116 8.1
Cs Cadmium concentration ng/ms 4.744 8.414 8.707 5.621
Pmr Cadmium emission rate 1b/h  1585E-05 3.958E-05 1.469E-06 2.137E.08
Mass of pollutant = 224 3.0 3.0
If below detection limits, replace 0 with 1. 0 1 1
Mn Chromium mass g 22.4 <3.9 <2.0
Cs Chromium concentration pg/m3 8.160 <2.178 <2.181 4508
Pmr Chromium emission rate Ib/h  3.0860E-05 <B8.688E-08 <8.841E-06 1588E-08
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IT AiR QUALITY SERVICES Validated ¥7%1
EMISSION TEST REPORT
TEST RESULTS

Plant: R.RA.D. Texarkana Test date(s): 226/91 %26/91
Sampling location: Venturi Inlet

Run Numbers
SIPM-1 SIPM-2 SIPM-3 AVERAGE

Maass of pollutant z 5.0 5.0 5.0
If below detection limits, replace 0 with 1. 1 1 1
mass ug <5.0 <5.0 <5.0
concentration ng/m3 <2.045 <3.627 <3.834 <3.102

emission rate lbh  <8.830E-06 <1.448E-06 <1.440E.05 «1.180E-08

Mass of pollutant = 39.6 126
If below detection limits, replace 0 with 1. 0 0
mass HE 39.6 12.6

concentration Hg/m3 16.194 9.139

emlission rate 1b/h 8.410E.-05 3.8648E-08

Mass of pollutant = 0.0 0.0
If below dctection limits, replace O with 1. 0 0
<pollutant> mass mg 0.0 0.0

<pollutant> concentration gridscf 0.000E+00 0.000E+00

<, ~lutant> emission rate b/ 0.000E«00 0.000E+00

Mass of pollutant = 0.0 0.0
If below detection limits, replace 0 with 1. 0 0
mass mg 0.0 0.¢
concentration gx/dsct 0.000E+00 0.000E+00

emfission rate lbvh  0.000E+00 0.000E+00

Mass of pullutant = 0.0
If below detection limits, replace 0 with 1. 0
muss mg 0.0
concenvration gr/dscf 0.000E+00

emissicn rate Ibh  G.000E«0C
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IT AIR QUALITY SERVICES Validated 3791
EMISSION TEST REPORT
FIELD DATA
Plant: R.R.A.D. Texarkana Dute; 2/27/81
Sampling locatior.: Venturi Inlet Run number, SIPM-4
Test time (start-stop): 1037-1187
Sample type: Part/Metals Volume correction (cu. ft.): 0.600
Bar. press. (in. Hg): 20.97 Meter calibration factor: 0.974
Static press. (in. H20): -5.900 Data interval (min.): 10,0
Filter number(s). 9070038 Nozzle dia. (in.): 0.171
Stack izside dia. (in.): 6.00 Meter box number: FT-4
Pitot tube coefl.: 0.84 Number of traverse points: 8
Total H20 collected (ml): 1565.9 % CO2 by volume (dry): 1.0
% 02 by volume (dry): 20.0 % CO by volume (dry): 0.0
Sample Gae meter Velocity Orifice drop
time reading head sctual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 916936 | (in. H20) (in. H20) (°F) inlet outlet
10.0 923.550 2.000 1.50 101 79 15
20.0 931.110 2.700 2.07 91 79 74
300 937.750 2.000 1.45 120 80 75
40.0 946.840 3.300 2.37 .28 81 16
50.0 955.000 4.200 3.01 129 81 77
60.0 964.394 4.300 3.09 129 82 78
60.0 47.458 3.083 228 118 80 78
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IT AIR QUALITY SERVICES Validated 3751
EMISSION TEST REPORT
FIELD DATA
Plant: R.RA.D. Texarkana Date: 2/27/91
Sampling location: Venturi Inlet Run number: SIPM-3
Test time (start-stop): 1329-1429
Sample type: Part/Metals Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.97 Meter calibration factor: 0.974
Static press. (in. H20): -3.800 Data intervsl (min.): 10.0
Filter number(s): 9010300 Noazzle dia. (in.): 0,171
Stack inside dia. (in.): 6.00 Meter box number: FT-4
Pitot tube cocfT.: 0.84 s+ :r.serof traverse points: 6
Total H20 collected (m)): 183.7 % CO2 by vulume (dry): 1.0
% 02 by volume (dry): 20.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 964.628 | (in. H20) (in. H20) °F) inlet outlet
10.0 972.200 2.700 2.05 97 79 5
20.0 979.730 2.600 1.92 114 19 76
30.0 987.200 2.600 1.88 125 80 76
40.0 996.100 3.500 2.50 133 82 77
50.0 1004.600 3.900 2.79 133 32 78
60.0 1013.803 4.100 2.94 133 84 79
0.0 49.178 3233 23t 123 81 kk}
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1T AIR QUALITY SERVICES Validated 3781
EMISSION TEST REPORT
TEST RESULTS
Plant: R.RAD. Texarkana Test date(a’: 22791 2’7/81 1/1/04
Sampling lccation: Venturi Inlet
Run Numbers
SIPM-4 SIPM.5 0 AVERAGE
Net time of test (min) aeevees 60.0 60.0 0.0
Net saampling points —veens 6 6 6
Meter calibration factor ———— 0.974 0.974 0.000
Sampling nozzle diameter (in) naeoe 0.171 01N 0.000
Pitot tube coeflicient  eemeens 0.84 0.84 0.84
Average orifice pressure drop (in. H20) 2.25 235 #DIV/O1 #DIV/0!
Volume of dry gas sampled R 47.458 49.175 0.000 32211
at meter conditions (cu. f.)
Average gas meter temperature (°F) oo 781 78.9 #DIV/0i #DIV/0!
Volume of dry gas sampled —— 45.684 47.276 #DIV/0! 4DIV/0!
at standard conditions (scf)
Total H20 collected in impingers -eeeeee 155.9 183.7 0.0 1132
and silica gel (ml)
Volume of water vaporat  aeeeeen 7.338 8.647 0.000 5.328
standard conditions (scf)
Percent moisture by volume, as measured -e-eeee 13.84 15.46 #DIV/0! §DIV/0!
Percent moisture by volume, at saturation ~ eoeeee 10.52 12.48 #DIV/01 tDIV/0t
Percent moisture by volume, used in calculations  --eeee- 10.52 12.48 #DIV/0! #DIV/0!
Mole fractionofdrygas ~ eeeeee 0.895 0.875 #DIV/01 #DIV/0!
Percent CO2 by volume {(dry) P 1.¢ 1.0 0.0 0.7
Perc~nt O2 by volume (dry) —eeeeee 20.0 200 0.0 18.3
Percent CO by volume (dry) — 0.0 0.0 0.0 0.0
Percent N2 by volume (dry) — 79.0 9.0 100.0 86.0
Molecular weight - dry stack gaa e 28.96 28.96 28.00 28.64
Molecular weight - stack gas — 2781 27.59 #DIVNI ¢DIV/0i
Barometric pressure(in. Hg) el 29.97 29.97 0.00 19.88
Static pressure of stack gus (in. H20) —— -5.900 -5.900 0.000 -3.938
Stack pressure - absolute (in. Hg) seeeeee 29.64 29.54 0.00 19.69
Average stack gas temperaturc (°F) e 116.3 122.6 #DIV/0! #DIV/01
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' IT AIR QUALITY SERVICES Validatad 791
} EMISSION TEST REPORT

TEST RESULTS
i .
: Plant: RR.A.D. Texarkana Test date(s):  2/27/81 2/27/91 V1/04
i Sampling location: Venturi Inlet
|
Run Numbers
SIPM-4 SIPM-& 0 AVERAGE
Vh Average square root of velocity head (in. H20) owenne 1.7352 1.7898 0.0000 1.1780
Vs Average stack gas velocity (fcet/sec.) ceeeen 104.38 108.68 #DIVIOL 4D1V/0!
As Stack area(sq.in) e 288 28.3 28.3 283
Qs Actual stack flow rate (acfm)  eeeenes 1230 1280 #DIV/0! #DIV/o!
i Qnetd Stack flow rate - dry (scfm)  eeeeees 995 1002 #DIV/0! #DIV/0!
1
1sO Percent isokinetic ~ eeeeens 97.8 100.2 #DIV/01 #DIV/0!
Mass of poliutant = 11.6 6.7
If below detection limits, replace 0 with 1. 0 0 0
Mn Particulate mass mg 11.6 8.7 0.0
Ce Particulate concentration gridscef 3.918E-03  2.187E-03 #DIV/0! #DIV/0!
Pmr Particulate emission rate lb/h  8.342E-02 1.879E-02 DIV/0! #DIV/0!
Mass of pollutant = 4.2 59 0.0
If below detection limits, replace 0 with 1. 0 (] 0
Mn Cadmium mass ug 42 6.9 0.0
Ce Cadmium concentration Hg/m3 3247 4.407 #DIV/0! #DIV/0!
Pmr Cadmium emission rate Ib/h 1210E-05 1.653E-05 #DIV/0! #DIV/0!
Mass of pollutant  « 3.0 19.4 0.0
If below detection limits, replace 0 with 1. 1 0 0
Mn Chromium mass HEB <3.0 19.4 0.0
Ce Chromium concentration pg/m3 <2.319 14.492 #DIV/0! #DIV/0!
Pmr Chromium emission rate lb/h  «<8.643E-08 B5.441E-06 #DIV/0! #DIV/01
A-33
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IT AIR QUALITY SERVICES Validated 3791
EMISSION TEST REPORT
TEST RESULTS
Plan.: RRAD. Texarkana Test Qate(s:  2/27/91 2/27/91 1/1/04
Sampling location: Venturi Inlet
Run Numbers
SIPM-4 SIPM-8 0 AVERAGE
Mass of pollutant = 6.0 62.0 0.0
If below detection limits, replace 0 with 1. 1 0 0
Zinc mass ng <5.0 62.0 0.0
Zinc concentration ng/m3 <3.86% 48.314 #DIV/0t #DIV/0!
Zinc emission rate Ibh  <1.441E-05 1.789E-04 #DIV/0! eDIV/0!
Mass of pollutant = 2.0 126 0.0
If below detection limits, replace 0 with 1. 0 0 0
Lead mass Hg 2.0 12.6 0.0
Lead concentration Hg/m3 1.546 9.412 ¥DIV/0! #DIV/ot
Lead emission rate ibh  5.762E.08 3.834E-08 #DIV/0! #DIV/ot
Mass of pollutant = 0.0 0.0 0.0
If below detection limits, replace 0 with 1. 0 4] 0
<pollutant> mass mg 0.0 0.0 0.0
<pollutant> concentration gr/dscf 0.000E+00 0.000E+00 ¢DIV/0! DIV/et
<pollutant> emission rate 1b’/h  0.000E+00 0.000E+00 §DIV/0! eDIV/01
Mass of pollutant = 0.0 0.0 0.0
If below detection limits, replace 0 with 1. 0 0 0
<pollutant> mass mg 0.0 0.0 0.0
<pollutant> concentration gridscf 0.000E+00 0.000E+00 #DIV/O! #DIV/0!
<pollutant> emission rate lb/h  0.000E+00 0.000E+00 IDIV/0! IDIV/O!
Mass of pollutant = 0.0 0.0 0.0
If below detection limits, replace 0 with 1. 0 | 0
<pollutant> mass mg 0.0 0.0 0.0
<pollutant> concentration gridect 9.000E+00 0.000E+00 #DIV/o! DIV}
<pollutant> emission rate Ibh  0.000E+00 0.000E+00 4DIV/01 #DIV/0!
A-34
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IT AIR QUALITY SERVICES
EMISSION TEST REPORT
FIELD DATA
Plant: RR.A.D.-Texarkana Date: 2/28/91
Sampling location: Venturi Outlet Run number. SOPM-1
Test time (start-stop): 0922-1142
Sample type: Part/Metals Volume correction (cu. ft.): 0.081
Bar. press. (in. Hg): 30.06 Meter calibration factor; 0.992
Static press. (in. H20): 0.050 Data interval (min.): 15.0
Filter number(s): $070069, 8070053 Nozzie dia. (in.): 0282
Stack inside dia. (in.): 9.00 Meter box number: FT-2
Pitot tube coefl.: 0.84 Number of traverse points: 7
Total H20 collected (ml). 999.0 % CO2 by volume (dry): 1.0
% 02 by volume (dry): 20.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orlfice drop
time reading head actual Stack Dry gas meter
(min) (cu.ft.) AP AH Temp. temp. (°F)
0.0 829.154 |_ (in. H20) (in. H20) (°F) inlet outlet
15.0 837.170 0.260 0.67 123 73 73
30.0 846.596 0.350 0.89 134 8 74
45.C 855.740 0.340 0.87 134 8 77
60.0 864.735 0.310 0.80 131 84 7
75.0 874.390 0.320 0.82 132 82 8C
90.0 883.010 0.330 0.86 131 87 80
105.0 892.157 0.340 0.88 131 90 80
105.0 63.003 0.321 083 131 82 77
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IT AIR QUALITY SERVICES .
EMISSION TEST REPORT
FIELD DATA l
Plant: R.RRA.D.-Texarkana Date: 2/26/81
Sampling location: Veaturl Outlet Run number: SOPM-2
Teat time (start-stop): 1430-1538 l
Sample type: Part/Metals Volume correction (cu. f.): 0.000
Bar. press. (in. Hg): 30.08 Meter calibration factor: 0,992
Static press. (in. H20): 0.050 Data interval (min.): 7.8 '
Filter number(s): $070068 Nozzle dia. (in.): 0252
Stack inside dia. (in.): 8.00 Meter box number: PT.2
Pitot tube coefl.: 0.84 Number of traverse points: 8
Total H20 collected (ml): 74.8 % CO2 by volume (dry): 1.0
% O2 by volume (dry): 20.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter
(min) (cu. ft.) AP sH Temp. temp. (°F)
0.0 892.532 | (in H20) (in, H20) CF) inlet __ outlet
1.5 895610 0.400 0.49 121 80 &0
15.0 900.300 0.460 0.57 119 82 79 .
225 903.650 0.440 0.53 132 85 80
30.0 907.028 0.310 0.38 133 88 80
378 909.890 0.300 0.27 126 85 80
45.0 913.640 0.340 0.42 126 85 80 .
525 917.210 0.410 0.52 127 89 82
60.0 920.633 0.380 0.47 127 92 83
60.0 28.101 0.380 0.47 126 88 81 .
A-36 l
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IT AIR QUALITY SERVICES
EMISSION TEST REPORT
FIELD DATA
Plant: RRRA.D.-Texarkana Date: 2727/91
Sampling lacation: Venturi Outlet Run number: SOPM-3
Test time (start-stop): 0808-0914
Sample type: Part/Metals Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 28.97 Meter calibration factor: 0.892
Static press. (in. H20): 0.050 Data interval (min.): 7.8
Filter number(s): 9070093 Nozzle dia. (in.): 0282
Stack inside dia. (in.): 9.00 Meter box numter: FT-2
Pitot tube coefT.: 0.84 Number of traverse pointa: 8
Total H20 collected (ml): 93.5 % CO2 by vo'ume (dry): 1.0
% O2 by volume (dry): 20.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orlifice drop
time reading head actual Stack Dry gas meter
(min) {cu. ft.) AP AH Temp. temp. (°F)
0.0 920.771 l (in. H20) (in. H20) (°F) inlet oullet
1.5 925.150 0.330 0.78 130 5 75
15.0 929.730 0.350 0.82 134 71 75
22.5 934.480 0.370 0.88 131 80 75
30.0 938.437 0.400 0.95 123 83 75
375 944.100 0.350 0.85 121 82 76
45.0 948.810 0.360 0.88 121 87 7
52.5 953.760 0.400 0.98 120 88 78
60.0 959.167 0.430 1.05 120 90 79
60.0 38.398 0374 0.90 125 83 16
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IT AIR QUALITY SERVICES !
EMISSION TEST REPORT
TEST RESULTS l
Plant: RRA.D.-Texarkans Test date(s):  2/268/81 2/26/81 22781
Sampling location: Venturi Outlet
Run Numbers I
SOPM-1 SOPM-2 SOPM.3  AVERAGE
o Net time of test (min) — 105.0 60.0 60.0 '
NP Net sampling points ~~ eeee 1 8 8
Y Meter calibration factor e 0.992 0.992 0.992 .
Dn Sampling nozzle diameter (in) ——eeen 0.252 0.252 0.252
Cp Pitot tube coeflficient e 0.84 0.84 0.84 '
AH Average orifice pregaure drop (in. H20) ~ eeeeeer 0.83 0.47 0.90 0.73
Vm Volume of dry gas¢ sampled e 62922 23.101 38.396 43.140
at meter conditions (cu. fL.) '
Tm Average gas meter temperature (°F) e 79.5 83.1 79.5 807
Vmetd  Volume of dry gas sampled ~ eeeees 61.498 27.258 37.422 42.089 l
at standard conditions (scf)
Vie Total H20 collected in impingers ~ =e=eee 983.0 74.8 93.6 389.1
and silica ge! (ml) '
Vwstd  Volume of water vaporat ~ snewess 47.023 3.521 4.401 18.315
standard conditions (s<f)
Bws Percent moisture by volume, as measured - 43.33 11.44 10.52 21.78 l
Percent moisture by volume, at saturation ~ ----es 15.37 13.63 13.17 14.06
Percent moisture by volume, used in calculations  «-eeee- 15.37 11.44 10.52 12.45
Fmd Mole fractionof drygas e 0.846 0.886 0.895 0876 l
4C02  Percent CO2by volume(dry)  =meee 1.0 1.0 1.0 1.0
502 Percent O2 by volume (dry) e 20.0 20.0 20.0 20.0 .
%CO Percent CO by volume (dry) — 0.0 0.0 0.0 0.0
%N2 Percent N2 by volume (dry) —— 79.0 79.0 79.0 79.0 l
Md Molecular weight - dry stack gas aneee 28.96 28.96 28.96 28.96
Ms Molecular weight - stack gas — 27.28 27111 27.81 27.60 I
Pbar Rarometric preasure in.Hgy o 30.06 30.06 29.97 80.03
Psl Static pressure of stack gas (in. H20) B — 0.050 0.050 0.050 0.0560 .
Ps Stack pressure - absolute {in.Hg) -~ 30.06 30.06 29.97 30.03
Ts Average stack gas temperature (°F) e 130.9 126.4 125.0 127.4 I
A-38 .
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IT AIR QUALITY SERVICES
EMISSION TEST REPORT

Plant: R R.A.D.-Texarkana
Sampling location: Venturi Qutlet

TEST RESULTS

Test dates): 2/26/91

2/28/91 2/27/91

Run Numbers

SOPM-1 SOPM-2 SOPM-3 _AVERAGE
Vh Average square root of velocity head (in. H20) ~ --eeee 0.5664 06148 0.6108 05973
Ve Average stack gas velocity (feet/sec) eeeeee 34.53 87.04 36.76 38.11
As Stack area{sq.in.)  eseeee 63.6 63.6 63.6 63.6
Qs Actual stack flow rate (acfm) ceeeee 915 982 974 987
Qsstd Stack flow rate - dry (a&cfm)  eeeeees 635 787 788 787
I1SO Percent isokinetic ~~ eseeea 160.5 73.7 101.0 1117
Mass of pollutant = 632.7 12.2 8.6
If below detection limits, replace O with 1. 0 0 0
Mn Particulate mass mg 8827 122 8.6
Cs Particulate concentration gr/dscf 1.337E-01 6.8906E-03  S.846E-03 4.804E-02
Pmr Particulate emission rate lb/h  7.867E-01 4.667E-02 2396E.02 2.891E-01
Mass of pollutant e 53.0 9.6 6.4
If below detection limits, replace 0 with 1. 0 0 0
Mn Cadmium mass HE 83.0 9.6 6.4
Cs Cadmium concentration ug/m3 30.435 12.438 8.040 16304
Por Cadmium emission rate lbrh  7.826E-08 38.665E-05 1.783E-06 4.458E-05
Massof pollutant = 650.0 3.0 8.0
If below detection limits, replace 0 with 1. 0 1 1
Mn Chromium mass Mg 650.0 <3.0 <3.0
Cs Chromium concentration ug/m3  373.2587 <3.887 <2831 126.858
Pmr Chromium emission rate Ib/h  9.721E-04 <)1.146E-05 <B.388E-06 3.306E-04

A-39
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IT AIR QUALITY SERVICES
EMISSION TEST REPORT

TEST RESULTS

Plant: RRRAD,-Texarkana Test datels): 2/26/91 2/26/91 2/27/91
Sampling location: Venturi Outlet

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

Mass of pollutant = 1500.0 5.0 6.0
If below detection limits, replace 0 with 1. 0 1 1
Mn Zinc mass Hg 1500.0 <B5.0 <8.0

Cs Zinc concentration ug/m3  881.362 <6.478 <4.718 290.883

Pmr Zinc emission rate Iblh 2243E-.03 <1.909E.05 <1.393E-06 7.888E-04

Mass of pollytant = 1000.0 13.6 5.2
If below detection limita, replace 0 with 1. 0 0 0
Mn Lead mass ¥4 1000.0 13.8 82

Cs Lead concentration pg'm3 674242 17.620 4.907 198.923

Mass of pollutant = 0.0 0.0 0.0
If below detection limits, replace 0 with 1. 0 0 0
Mn <pollutant> mass mg 0.0 0.0 0.0

Cs <pollutant> concentration gridscf 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Pmr <pollutant> emission rate Ib/h  0.000E+00 0.000E+00 0.000E+00 0.000E+00

Maass of pollutant = 0.0 0.0 0.0
If below delecticn limits, replace 0 with 1. 0 0 0
Mn <pollutant> mass mg 0.0 0.0 0.0

Cs <pollutant> concentration gridscf 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Pmr <poliutant> emission rate lb/h  0.000E+00 0.000E+00 0.000E+00 0.060E+00

Maass of pollutant = 0.0 0.0 0.0
If below detection limits, replace O with 1. 0 0 0
Mn <pollutant> mass mg 0.0 0.0 0.0

Ce <pollutant> concentration gr/dsct 0.000E+00 0.000E+00 0.000E+00 0.C00E+00

Pmr <pollutant> emisaion rate Ib/h  0.000E+00 0.09%0E+00 0.000E+00 0.000E+00

A-40
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IT AIR QUALITY SERVICES validated 117190
EMISSION TEST REPORT
FIELD DATA
Plant: RRA.D..-Texarkana Date: 2/27/91
Sampling location: Venturi Outlet Run number: SOPM-4
Test time (start-stop): 1034-1139
Sample type: Part/Metals Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.97 Meter calibration factor: 0.992 ,
Static press. (in. H20): 0.080 Data interval (min.): 7.8
Filter number(s): $070021 Nozzle dia. (in.): 0262
Stack inside dia. (in.): .00 Meter box number: FT-2
Pitot tube coefl.: 0.84 Number of traverse points: 8
Total H20 collected (ml); 88.7 % CO2 by volume (dry): 1.0
% 02 by volume (dry): 20.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas :neter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 959.294 | __(in. H20) (in. H20) (°F) inlet outlet
1.5 962.750 0.200 0.48 124 80 80
15.0 967.250 0.330 0.80 125 82 79
225 971.700 0.430 0.76 122 85 79
30.0 976.095 0.390 0.77 121 85 81
375 980.621 0.290 0.71 21 83 82
45.0 985.350 0.330 0.80 122 85 81
62.5 989.880 0.350 0.80 122 86 81
60.0 993.908 0.380 0.78 121 88 81
60.0 34.614 0.338 0.74 122 84 81
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IT AIR QUALITY SERVICES valhidated 111190 '
EMISSION TEST REPORT
FIELD DATA
Plant: RRA.D.-Texarkana Date: 2/27/91 l
Sampling location: Venturi Outlet Rup number: SOPM-8
Test time (start-stop): 1327-1432 .
Sample type: Part/Metals Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.97 Meter calibration factor: 0.992
Static press. (in. H20): 0.050 Data interval (min.): 7.8 '
Filter number(s): $010493 Nozile dia. (in.): 0252
Stack inside dia. (in.): 9.00 Meter box number: FT-2
Pitot tube coefl.: 0.84 Number of traverse points: 8
Total H20 collected (ml): 105.9 % CO2 by volume (dry): 1.0
% 02 by volume (dry): 20.0 % CO by volume (dry): 0.0 l
Sample Gas meter Velocity Orifice drop
time reading head actual Stack Dry gas meter .
{min) (cu.ft.) AP AH Temp. temp. (°F)
0.0 994.142 |__(In. H20) (in. H20) (°F) inlet outlet
75 998.700 0.330 0.79 128 81 82
15.0 1003.280 0.340 0.81 131 83 81 '
225 1008.350 0.370 0.90 128 87 81
30.0 1013.153 410 1.00 125 90 82
3156 1017.660 0.320 0.78 126 87 82
45.0 1022.400 0.35%0 0.86 125 92 84 .
52.5 1027.450 0.380 0.93 126 95 85
60.0 1032.437 0.400 0.98 126 95 85
60.0 38208 0363 088 127 89 83 '
A-42 '
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IT AIR QUALITY SERVICES validated 117190 ¥
EMISSION TEST REPORT
_FIELD DATA
Plant: RRAD..Texarkana Date: 2/28/981
Sampling location: Venturi Outlet Run number: SOPM-6
Test time (start-stop): 0800-0905
Sample type: Part/Metals Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.76 Meter calibration factor: 0.892
Static press. (in. H20): 0.050 Data interval (min.): 78
Filter number(s): 9010503 Nozzle dia. (in.): 0.252
Stack inside dia. (in.). 9.00 Meter box number: FT-2
Pitot tube coell.: 0.84 Number of traverse points: 8
Total H20 collected (ml): 123.6 % CO2 hy volume (dry): 1.0
% Q2 by volume (dry): 20.0 % CO by volume (dry): 0.0
Sample Gas meter Velocity Orlifice drop
tlme reading head actual Stack Dry gas meter
(rain) (cu. ft.) [\ AH Temp. temp. (°F)
0.0 32738 | _(in. H20) _ (in. H20) (°F) inlet outlet
7.5 37.030 0.310 0.72 131 76 75
15.0 41.520 0.340 0.79 130 77 75
225 46.260 0.390 0.91 128 81 76
30.0 51.171 0.410 0.96 128 85 76
37.5 55.000 0.320 0.76 127 85 78
45.0 60.600 0.360 0.85 129 88 78
525 65.430 0.400 0.95 130 280 79
60.0 70.570 0.420 1.00 130 92 80
60.0 37832 0.389 087 129 84 7
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IT AIR QUALITY SFRVICES validsted 11/1/90
EMISSION TEST REPORT
TEST RESULTS

Plant: RRRAD.-Texarkana Test date(s):  2/27/01 2/27/91 2/28/91
Sampling location: Venturi Outlet

Run Numbers
SOPM-4 SOPM.8 SOPM-6  AVERAGE

[5] Net titne of test (ouin) r—eee 60.0 60.0 60.0

NP Net sampling points ——— 8 8 8

Y Meter calibration factor e 0.992 0.992 0.992

Dn Sampling nozzle diameter (in) e 0.252 0.252 0.252

Cp Pitot tube coefficient ——— 0.84 0.84 0.84

AH Average orifice pressure drop (in. H20) ..o - 0.74 0.88 0.87 0.83

Vm Volume of dry gas sampled eeeee 34614 38.295 37.832 36.914
at meter conditions (cu. ft.)

Tm Average gas meter temperature (°F) el 824 858 80.6 82.9
Vmstd  Volume of dry gas sampled el 33.543 36.894 36.523 35.653
at standard conditions (scf)
and silica gel (ml)

Vwstd  Volume of water vapor at ——eenn 4.175 4.985 5.818 4.993
standard conditions (scf)

Percent moisture by volume, as measured
Percent moisture by volume, at saturation
Percent moistyre by volume, used in calculations
Mole fraction of dry gas

Percent CO2 by volume (dry)

Percent O2 by volume (dry)

Percent CO by vclume (dry)

Percent N2 by volume (dry)

Molecular weight - dry stack gas
Molecular weight - stack gas

Barometric pressure (in. Hg)

Static pressure of stack gas (in. H20)

Stack pressure - absolute (in. Hg)

Average stack gas temperature (°F)

Vie Total H20 collected in impingers e v 88.7 105.9 123.6 106.1 '
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IT AIR QUALITY SERVICES validated 117190
EMISSION TEST REPORT
TEST RESULTS

Plant: RRA.D.-Texarkana Test dateis):  227/81 2/27/91 2/28/91
Sampling location: Venturi Qutlet

Run Numbers
SOPM-4 SOPM.8 SOPM-86 AVERAGE

Vh Average square root of velocity head (in. }1/20)  weeees 0.5779 0.6015 0.6064 05883
Ve Avcrage stack gas velocity (fect/sec) 0 eeeeees 34.72 36.35 36.98 $8.02
As Stack srea(sq.in.y e 63.6 63.6 63.6 638
Qe Actual stack flow rate (aefm)  eeeeene 920 963 980 958
Qsstd Stack Now rate - dry (8cfm) el 744 765 754 764
1SO Percent isokinetic e 95.9 102.5 103.0 1005
Mass of pollutant = 8.0 30.1 8.7
If below detection limits, replace 0 with 1. 0 0 0
Mn Particulate mass mg 8.0 30.1 8.7
Cs Particulate concentration gr/dscf 38.680E.03 12898E-02 3.676E-03 @.648E-03
Pmr Puarticulate emission rate lb/h  2.345E.02 8.2085E-02 2.374E-02 {.328E-02
Mass of pollutant = 2.0 23 9.6
If below detection limits, replace 0 with 1. 1 (\] 0
Mn Cadmium mass Hg <.0 23 9.6
. Cs Cadmium concentration Hg/m3 <2.108 2202 9282 4830
Pmr Cadmium emission rate 1/h  <5.864E-06 6.307E-06 2.620E-08 1279E-08
Mass of pollutant = 3.0 8.0 30
If below detection limits, replace 0 with 1. ] 1 1
Mn Chromium mass pg <3.0 «3.0 <3.0
Cs Chromium concentration ug/m3 <3.188 <2872 <2.901 2977
Pmr Chromium emission rate Ib/h  <8.795E-08 <B227E-08 <8.187E-08 <S8A403E-08
A-45
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IT AIR QUALITY SERVICES validated 117190
EMISSION TEST REPORT
TEST RESULTS
Piant: R.R.A.D.-Texarkana Test date(s):  2/27/81 2/27/81 2728/81
Sampling location: Venturi Qutlet
Run Numbers
SOPM-4 SOPM.5 SOPM.6  AVERAGE
Mass of pollutant = 50 36.0 5.0
If below detection limits, replace O with 1. 1 0 1
Mn Zinc mass T4 <5.0 38.0 <5.0
Cs Zinc concentration pg/m3s <5264 34.459 <4835 14853
Pmr Zinc emission rate Ibh <1.466E-05 9.873E-05 <«1.384E-08 {234E.08
Mass of pollutant = 3.5 10.6 16.6
If below detection limits, replace O with 1. 0 0 0
Mn Lead mase 4 3.5 10.8 16.8
Cs Lead concentration ug/m3 3.685 10.146 16.051 9.961
Pmr Lead emission rate 1b/h 1.026E-05 2.907E.06 4.830E-08 2.821E-05
Mass of pollutant = 1.0 1c.0 100.0
If below detection limits, replace 0 with 1. 0 0 0
Mn <pollutant> mass mg 1.0 10.0 100.2
Cs <pollutant> concentration gridscef 4.600E-04 4.182E-03 4225E-02 1.563E.02
Pmr <pollutant> emission rate lb/h  2932E-03 2742E-02 2.729E-01 1.011E.01
Mass of pollutant = 10.0 1.0 100.0
If below detection limits, replace 0 with 1. 0 0 0
Mn <poliutant> mass mg 10.0 1.0 100.0
Cs <pollutant> concentration gridscf 4.600E-03 4.182E-04 4228E-02 1.576E-02
Pmr <pollutant> emission rate lb/h  2932E-02 2.742E-03 2729E-01 1.017E.01
Mass of pollutant = 100.0 1.0 100
If below detection limita, replace 0 with 1. 1 1 1
Mn «<pollutant> mass mg «100.0 <1.0 <10.0
Cs <pollutant> concentration gridect <4.600E-02 <4.182E-04 <4.226E-03 <1.888E-02
Pmr <pollutant> emiseion rate Ib/h  <2932E-01 <2.742E.03 2.7129E-02 <1.077E-01
A-46
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IT AIR QUALITY SERVICES validatad 1V104
EMISSION TEST REPORT
FIELD DATA
Plant: RRRA.D.-Texarkana Date: 2/28/91
Sampling location: Venturi Outlet Run number: SOPM.7
Test time (start-stop): 0945 1050
Sample type: Part/Metals Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 29.76 Meter calibration factor: 0.892
Static press. (in. H20): 0.050 Data interval (min.): 7.8
Filter number(s): $010488 Nozzle dia. (in.): 0252
Stack inside dia. (in.): 9.00 Meter box number: FT-2
Pitot tube coefl.: 0.84 Number of traverse points: 8
Total H20 collected (ml): 1145 % CO2 by volume (dry): 1.0
% 02 by volume (dry): 20.0 % CO by volume (dry): 0.0
Sample Gas metor Velocity Orifice drop
time reading head actual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 70.700 | (in. H20) (in. H20) () inlet outlet
7.6 75.140 0.310 0.74 124 81 81
15.0 79.750 0.340 0.81 125 83 1
225 84.650 0.390 0.93 124 89 81
30.0 89.667 0.420 1.00 125 92 =
37.5 94.250 0.330 0.79 124 87 83
45.0 99.130 0.380 (13:)] 126 93 3
52.5 104.360 0.410 0.98 125 94 83
60.0 109.162 0.420 1.01 126 95 84
60.0 38.462 0376 0.0 128 89 [+
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IT AIR QUALITY SERVICES validated 11 150
EMISSION TEST REPORT
FIELD DATA
Plant: R.RA.D.-Texarkana Date: 2/28/91
Sampling location: Venturi Outlet Run number: SOPM.8

Test time (stari-stop): 1128-1232

Sample type: Part/Metals Volume correction (cu. ft.): 0.000
Bar. press. (in. Hg): 28.78 Meter calibration factor: 0.992
Static press. (in. H20): 0.0560 Data intervel (min.): 78
Filter number(s): 9010833 Nozzle dia. (in.): 0252
Stack inside dia. (in.): 9.00 Meter box number: FT-3
Piwot tube coefT.: 0.84 Number of traverse points: 8
Total H20 collected (ml): 108.8 % COZ2 by volume (dry): 1.0
% 02 by volume (dry): 20.0 % CO by volume (dry): 0.0
Sample Gae meter Velocity Orifice drop
time reading head actual Stack Dry gas meter
(min) (cu. ft.) AP AH Temp. temp. (°F)
0.0 . 109.330 |__(in. H20) (in. H2D) (°F) inlet outlet
15.0 118.000 0.320 0.76 125 86 83
225 122.800 0.390 0.93 125 89 83
30.0 127.885 0.420 1.01 125 91 82
376 132.200 0.300 on 126 87 82
45.0 136.830 0.350 0.84 125 91 83
52.5 141.200 0.400 0.97 123 94 83
60.0 146.823 0.420 1.01 124 96 84
60.0 37.493 0.360 0.88 125 20 83

15 113.560 0.550 0.67 126 84 84 '
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IT AIR QUALITY SERVICES validated 11/190
EMISSION TEST REPORT
TEST RESULTS
Plant: RRA.D..Texarkana Test date(s): 2/28/91 2/28/91 1/1/04

Sampling location: Venturi Qutiet

Run Numbers

SOPM.7_~ _SOPMB8 __ 0 AVERAGE

o Net time of test (min) e 600 60.0 0.0

NP Net sampling points ———ee- 8 8 8

Y Meter calibration factor D 0.992 0.992 0.000

Dn Sampling nozzle diameter (in) meeme 0.252 0.252 0.000

Cp Pitot tube coeflicient e 0.84 0.84 0.00

AH Average orificc pressure drop (in. H20) —eeeenn 0.90 0.86 #DIV/O! #DIV/OY

Vm Volume of dry gas sampled e 38.462 87.493 0.000 25.318
at meter conditions (cu. ft.)

Tm Average gas meter temperature °F}  eeeees 85.8 86.4 #DIV/0! #DIV/0!

Vmstd  Volume of dry gas sampled —evnnen 86.785 35.814 #DIV/0! #DIV/o!
at standard conditions (scf)

Vlie Total H20 collected in impingers -erees 1145 108.5 0.0 743
and silica gel (m})

Vwstd  Volume of water vaporat e 5.390 5.107 0.000 3.499
standard conditions (scf)

Bws Percent moisture by volume, as measured  «eeeen- 12.78 12.48 #DIV/O) «DIV/O!
Percent moisture by volume, at saturation = e 13.22 13.22 #DIV/0! IDIV/0!
Percent moisture by volume, used in calculations ———es 12.78 12.48 #DIV/0! #DIV/0!

Fmd Mole fraction of dry gas ———— 0.872 0.875 «DIV/o1 IDIV/!

9C0O02  Percent CO2 by volume (dry) e 1.0 1.0 0.Cc 0.7

%02 Percent 02 by volume (dry) e 20.0 200 0.0 13.3

%CO Percen’ CO by volume (dry) —— 0.0 0.0 0.0 0.0

%N2 Percent N2 by volume (dry) — 9.0 19.0 100.0 86.0

Md Molecular weight - dry stack gas — 28.96 28.96 28.00 28.84

Ms Molecular weight - stack gaa — 27.56 27.59 #DIVIL #DIV/OL

Pbar Barometric pressure (in. Hz) . 29.76 29.76 0.00 19.83

Ps! Static pressure of stack gas (ia. H20) — 0.050 0.050 0.000 0.033 ‘

Ps Stnck pressure - absolute (in. Hg) e 29.75 29.75 0.00 19.84

Ts Average stack gas temperature (°F) acaaee 1249 1249 #DIV/OI #DIV/0!




Page 5 l
IT AIR QUALITY SERVICES validated 11190 '
EMISSION TEST REPORT
TEST RESULTS l
Plant: RR.A.D.-Texarkana Test dateds): 272891 2/28/91 v1/04
Sampling location: Venturi Qutlet
Run Numbers l
SOPM-7 SOPM.8 0 AVERAGE
Vh Average square root of velocity head (in. H20)  «eeeees 0.6115 0.8964 0.0000 0.4033 '
Ve Average stack gas velocity (feet/sec) 0 e 37.08 36.27 DIVIO1 oDIV/0!
As Stack area(sq.in) e 63.6 63.6 63.6 63.8 '
Qs Actual stack flow rate (acfm) el 983 961 #DIV/0! 4DIV/O!
Qsstd Stack flow rate - dry (scfm) e 770 755 aDIV/O! #DIV/o! '
1SO Percent isokinetic ~ eeee 101.6 100.8 #DIV/0! #DIV/0!
Mass of pollutant = 6.7 9.2 0.0
If below detection limits, replace O with 1. 0 0 0
Mn Particulate mass mg 8.7 P2 0.0 l
Cs Particulate concentration gridscf 2.810E-03 3.964E-03 #DIV/0! #DIV/0!
Pmr Perticulate emission rate Ib/h  1.864E-02 2.566E-02 #DIV/0! #DIVA! '
Mass of pollutant = 20 12.6 0.0 I
If helow datection limits, replace O with 1. 1 0 0
Mn Cadmium mass ug <2.0 126 0.0
Ce Cadmium concentration pg/m3 <1.920 12.424 #DIV/o! eDIV/0! l
Pmr Cadmium emission rate bl «<5.635E-06 3S.518E.08 #DIv/0! #DIV/0! '
Mass of pollutant = 104 3.0 0.0
If below detection limits, replace 0 with 1. 0 1 0
Mn Chromium mass Hg 104 <3.0 0.0
Ce Chromium concentration pug/m3 9.984 <2.9588 #DIV/0t #DIV/0! .
Por Chromium emission rate Ib/h  2.878E.060 <8369E-06 #DIV/! #DIV/O!
A-50 .
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IT AIR QUALITY SERVICES validated 117190
EMISSION TEST REPORT
TEST RESULTS
Plant: RR.A.D..-Texarkana Test date{s):  2/28/91 2/28/91 1/1/04
Sampling location: Venturi Qutlet
Run Numbers
SOPM-7 SOPM.8 0 AVERAGE
Mass of pollutant = 15.0 14.0 0.0
If below detection limits, replace 0 with 1. 0 0 0
Zinc mass Hug 16.0 14.0 0.0
Zinc concentration ng/m3 14.401 13.805 4DIV/0! #DIV/O!
Zinc emission rate 1b’h 4.181E.05 3.903E.05 4DIV/0! #DIV/0!
Maess of pollutant e 19.6 9.6 0.0
If below detection limits, replace 0 with 1. 0 0 0
Lead mass Hg 19.6 9.6 0.0
Lead concentration Hg/m3 18.817 9.466 #DIV/01 #DIVA!
Lead emission rate Ibh  5.424E.05 2.678E.05 #DIVv/o! #DIV/0!
Mass of pollutant = 0.0 0.0 0.0
If below detection limits, replace 0 with 1. 0 0 0
<pollutant> mascs mg 0.0 0.0 0.0
<pollutant> concentration gridscf 0.000E+00 0.000E+00 #DIV/0! oDIV/O!
<pollutant> emission rate 1b/h  0.000E+00 0.000E+00 #DIV/0! DIV/0!
Mass of pollutant = 0.0 0.0 0.0
Il below detection limits, replace 0 with 1. 0 0 0
<pollutant> mass mg 0.0 0.0 0.0
<pollutant> concentration gridsct 0.000E+00 0.000E+00 oDIV/o! 4DIVAY
<pollutant> emission rate Ib/h  0.000E+00 0.000E+00 4DIV/o! #DIV/O!
Mass of pollutant = 0.0 0.0 0.0
If below detection limits, replace 0 with 1. 0 0 0
<pollutant> mass mg 0.0 0.0 0.0
<pollutant> concentrstion gr/idscef 0,000E+00 0.000E+0N 1DIV/0! oDIV/0!

emission rate Ibh  0.000E+00

#DIV/0!
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

Plamt__ USART/I7ZIA — R /A D

Date {Zo’ 5;/5 /

Sampling location /ﬂf quM %4/!—
Inside of far wall to outsiﬂe of nipple W 4 ?¢ §
Inside of near wall 1o outside of nipple (nipple length):

2y«

Stack inside diameter, inches

2Y2 " (ppcti Barpler bt~ Zr) x

Distance downstream from flow disturbance (Distance B):

/§ __inches / diameter = dad Flow¥
Distance upstream from flow disturbance (Distance A):
SO  inches/ diameler = dd — &4
Caiculated by -
N——
TH{Orstumsance
wlasvatute?
- Tl
et / 1 by SCHEMATIC OF SANPLING LOCATION
" —Ir/
6'2.D 2 y
— 1 e B Al - Yl 8
TRAVERSE PRODUCT OF R TRAVENSE POMTT LOCATION
POINT FRACTION COLUBNS 2 AXD 3 WIPPLE #ROM OUTHOE OF MIPPLE
AUmBER OF STACK1D. | STACKID. | (YO REAREST 178 wcw) LENGTH (30N OF COLUINS 4 & 9)
"
S 2p4"
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

Plant 43S ATHAMA — READ

Date

2/o/7

Sampling location _*ABFS VerZae. Frbs

Inside of far wall to outside of nipple

Inside of near wall to outside of nipple (nipple length):

——

Stack inside diameiter, inches

él/

Distance downstream from flow disturbance (Distance B):

3

inches / diameter= ____ S dd

Distance upstream from flow disturbance (Distance A):

20 inches / diameter = 73 dd
Calculated by
SCHEMATIC OF SAMPLNG LOCATION
TRAVERSE PRODUCT OF TRAVERSE POWIT LOCATION |
PONT FRACTION COLURNS 2 AND 3 NIPPLE #ROM OUTSIOE OF RIPPLE
NUBBER OF STACKID. | STACKID. (T0 MEAREST 1/ WCH) LENGTH (390 OF COLLMNS ¢ 8 §)
/ Noiadh L .26 ) L RGy A |7 SO
£ Was” 520 7
3 . Rl 77 /. 226
[ & . J0¢ 5 22/ o 229
| - By $.072 .97
le K7 / S.236 ndfufed S.93
)
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

Plant__ &S THAMA - K RA D

[ /10 #Tm
Date 2/2 s’// 71
Sampling location _ FARAS Vewrue, O«l/er
II o
Inside of ftar wall to outside of nipple /3 >i12e
Inside of mear wall to outside of nipple (nipple length):
/"
4 1" o ,
Stack insidle diameter, inches 7 \ T Flow
Distance diownstream from flow disturbance (Distance B): /30
/3% __inches / diameter = _/¥. ¥ dd o Fer
Distance wpstream from fiow disturbance (Distance A): ben
> /20 inchesk‘dijameter « /8.3 dd
Calculataxtt b
e r %
h 1 O tumANC(
. wiASURTWiNY
i - utt
: l
|| (Qustumaance SCHEMATIC OF SAMPLING LOCATION
TRAveRSE PROOUCT OF TRAVERSE POWT LOCATION |
POUNT FRACTION . COLUMNS 2 AND ) NIPPLE FROM OUTSIOE OF NIPPLE
WAEER OFSTACKI0. | STACKID. | (TO WEAREST 17 micw) LENGTH (SUM OF COLINS 4 § §)
/ . 7 ?/F ,603 ,fn ?45:9':
Z & 2.38 AZR
3 oLl (75 104"
¢ 933 F. 40 i




GAS VELOCITY AND VOLUMETRIC FLOW RATE

Date A4 g/
Clock Time 2770

Plant and City /(/f/v“ D - JesosiKa a
I/cu/’u/f CoeTlor

Operator _@ﬂ/’f

Static Pressurg, in.H20
Pitot Tube, Cp . ¥¢¥
Side 2 _

Sampling Location
Run No. V-1
Barometric Pressure, in.Hg 30 0%
Moisture, % v /I olecular wt., Dry

Diameter or Side 1

1"-/¢7=r‘

Stack Dimension, in.

FIILD DATA CALCU.ATIONS
TAvERSt VELOCH Y PR AT LR %
™ T !
4
) Ty
X« . /5

yz a4

3
il 22

/9

2

4

118

V75

Nty
>
i

120

A =B F

- * .

“R o« (°F + 46C)

.PC..m.( ). T

- 1nHg

-~

Q x 260

qQ ° scfm

4 HO %
'Csll7.64711!l(1-—r0-;7—2" )
Y

POINY HEAL 31 $
[ 34g (eF ), In.H,C TEwE., °F
ﬁkﬁz A~/ L VL Hoo () o ——qgr——) + 18 (——y——) Il

Q . 2 17,647 »




Plant and City

GAS VELOCITY AND VOLUMETRIC FLOW RATE
ﬂﬂﬂ'b"j’zl—pﬂkxﬁ/k Date Z/’?‘l/?/
T /7

Sampling Location _ VieFoae YtlX Clock Tire o 7.4

Run No. V—| 2006 Operator @/ﬂ/—'

Barometric Pressure, in.Hg S Static Pressure, in.H,0 - £ 9
.97 tolecular wt., Dry Pitot Tube, Cp _/§7

7. Moisture, % %

Stack Dimension, in. Diameter or Sidel ( ° Side 2
FIELD DATA CALCU.ATIONS
fee w0 H,0
ot e g1ace %m0y ¢ 8 ()
NmEES (e85, 'w..nzc TeWi ., oF
A 2.0 ¥ Moo bl ——y———) + 16
2 25 ¢ 70¢ ..
3 ] & I 3 3] s
t 79 A T . o e (T e e
KA 2.0 (22 s o
A 7.3 LR S.F.
” PRI o R
2.7< Hac 1/3CF
Pooe in.hg
[ BB=dauy Ves -
=
A .95 v, 08549 x (55 YePaq et
= 28 : VR
M - ¢4 l Vi 85450 N T 1,
- | S |
| ] LA ft/s
T
—__.-———1 —————— h___________‘r_.___.—__._—_
' A‘ fr?
. 60
Q‘ V’ X A’ 2 e
0‘ . x 260
- 0$ . acfm
0 ¢ _— 9$ ( 012(‘ 3
. 3 17.647 1. B
btg * A 1w
Q . .
'“g x }7.647 » x (1 ™
Q . dsct
"(d 1141 0




FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

Audit iHe = (0.0317)(sH) (P, ) (T + 460) Ly TP,
m ar

) 2 -
T IR/13.6)| tn.Ha0

Audit Y must be in the range, pretest Y 0,05 Y.
Audit ZHQ@ must be in the range pretest AH@ =0.15 inches HZO'

B-7

DATE: 2/ z25/9! CLIENT:  &CSA Trtren /4
d
BAROMETRIC PRESSURE (P ): 3207 inHg METER BOX NO. __ F7- 4 .
ORIFICE NO. / PRETEST Y: __ 990  sHe /.79 in.H,0
ORIFICE K FACTOR: 7.737¥xs07¥ AUDITOR: l
Orifice Ory gas Temperatures Ouration
manometer] meter Ambient Dry gas meter of
reading reading T—ai/Taf’ Average InTet OutTet | Average run l
LH, VilVes Tar L TiifTier | Toi/Tops m’ m?n
in.H,0 ft2 °f °F °F °F °F l
1% , 71 A
] «,: 780 % 10 70 7! /6:136/1111.
el Je2.t | 1o 75 70 '
Dry gas v Vm Y Audit l
meter Metd? act® | Audit, devia- AH@, AH@ Devia-
Vo fE3 ft3 ft2 Y tion, % in.H,0 tion, in.H,0 I
12.) 1245 | 300> 2990 /0> 1.1 _p.08 Y/
v ) 17.647(V, ) (P, . + CH/13.6) ] s l
std (Tm + 460)
v i 1203( 9 )( K ){(Pp,,.) i o I
Mact = 172 -
(T, + 460) |
'm A P ty
3 act  _ . _ _Audit Y - Pretest ¥ ) I
Audit Y = Vm Y deviation Pretest v x 100 =




FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFICE

DATE: 2/25/7/ CLIENT: _ LeSA 7 mAMA
-7 I 4
BAROMETRIC PRESSURE (Pbar): B304 in.Hg METER BOX NO. T4
ORIFICE NO. 7 PRETEST Y: .97 tHe 2.0 3 in.H,0
ORIFICE K FACTOR: S 2¢g X/0 =% AUDITOR:
Orifice Ory gas Temperatures Duration
manometer|{ meter ~Ambient Dry gas meter of
reading reading ai/Taf’ verage Inlet Outlet Average run
oMy Ve Tor | Tid/Tier | Toi/Toer 1 T s
in.H,0 ft3 °F °F oF °f of
4
‘2_03 7/3‘7‘ 79 7o e é§ (’{ 7543 37/3
&QI'L 726 10 70 1 67 7 _
Dry gas Vm Vm Y Audit
meter std’ act’ Audit, devia- bHe, AH@ Devia-
Vm, ft3 ft3 ft2 Y tion, % in.H,0 tion, in.H,0
. / » )
;97‘ 12435 | 2 Mg 468 /. 670 [ .<¥ - 15 f
Vo . = 17.647(Vy) (Bpgy *+ SH/13.6) ) s g3
std (T_+ 460)
m {
9 1".
S g, A
y 120308 ) ( £)0,20) o
Mact ~© 172 =/a. M2 ft
(Ta + 460)
v e /L;(
m ! .
Audit v = ——3ct - Y deviation = AWt ¥ -Pretest ¥ 4, .
Vm Pretest Y
std
o : 0 2 :
Audit ZH@ = (0'0317)(’H)(Pbar)(Tm + 460) Y Ivﬁ)(Pbar T in.Hy0

Audit Y must be in the range, pretest Y :0.05 Y.
Audit SH@ must be in the range pretest AH@ =0.15 inches HZO'
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FIELD AUDIT REPORT: DRY GAS METER l
BY CRITICAL ORIFICE
DATE: Q/Jf,/j/ CLIENT: LSRT par A
BARQOMETRIC PRESSURE (Pbar):30.oj in.Hg METER BOX NO. _F7- 2 l
ORIFICE NO. / PRETEST Y: . 942 :H® _/. %4/ in.H,0
ORIFICE K FACTOR: __4 738y /0" AURITOR: (B l
Orifice Dry gas Temperatures Duration
manometer| meter ~ Ambient Ory gas meter of
reading reading Tai/Taf’ Average Inlet Outlet Average run I
OH, vi/vf' Ta’ Tii/Tif’ Toi/Tof’ Tm’ m?n
in.H,0 ft3 °F °F °F °F °F '
/'3 8:/7,10 70 70 7{ éf ,73{ '5-07‘ 17/“‘p
e 20y | 92 7.c 10 75 70 _ 15008 I
Dry gas Vi Vm Y Audit l
+ meter std’ act’ Audit, devia- LHO, AOHE Devia-
Vm, ft3 ft3 ft3 Y tion, % in.H,0 tion, in.H,0 l
- 7.< V/EAES /.10 47 IRAL / Y -0.09 /
S 3001 1% l
v i 17'647(Vm)(Pbar + AH/13.6) . 3 .
sta (T, + 460)
5o ¥ g7 |
1203( @ )( K )(P, )
Vm - bar - 12
act 172
(T, + 460)
Te
n Kuddf-t Y - Peetest Y
- act  _ < as - 3 - 3 .
Audit Y v .G7¢ Y deviation Sretest v x 100
std
L , p z .
Audit 2HR = (0’0317)(“H)(Pbar)(Tm + 460) Y (Vm)(Pbar TITIE]| in.Hy0

Audit Y must be in the range, pretest Y =0.05 Y.
Audit ~H®@ must be in the range pretest AH@ :0.15 inches HZO’
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THERMOCOUPLE DIGITAL INDICATOR
AUDIT DATA SHEET

Date é%d?;ij?é%/ Indicavor No. /£ 7—2>— Operator _( Eg ?%
Fo 7 é:rzm é;é%ll

Equivalent Digital indicator
Test Point Millivolt temperature, | temperature reading,| Difference,
No. signal* Ofw °F 4
1 o 2- ~. 43
2 o .u) /70 2- -.%0
3 200 20/ - /5
) 4 3o A0 | - /3

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

Percent difference:

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

Where °R = °F + 460°F

<« -
These values are to be obtained from the calibrat:cn data sheet for the
calibration device.
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THERMOCOUPLE DIGITAL INDICATOR
AUDIT DATA SHEET

Date ;;‘/?_{,/9/ Indicator No. Fr=Y Operator @
g:_——_—__—__—'——

Equivalent Digital indicator
Test Point Millivolt temperature, | temperature reading, | Difference,
No. signal* OF* °F b 4
] 2 —/ L2
2 /D JUD o
) 4 300 360 o

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

Percent difference:

(Equivaient temperature °R - Digital indicator temgg;gture reading °R)(100%)

Where °R = °F + 460°F

(Equivailent temperature °R)

* -
These values are to be obtained from the calibration data sheet for the
calibration device, '
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THERMOCOUFLE DIGITAL INDICATOR
AUDIT DATA SHEET

Date 27Zo?\g/4/ Indicator No. /~7—-//  Operator @

Equivalent Digital indicator
Test Point Millivolt temperature, | temperature reading,| Difference,
No. signale OF °F %
1 12, -2 ~.d3
2 /D 9 48
3 <o I oo <
4 £ov Go/ ~-.09

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

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

Where °R = °F 4 460°F

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

Plant KRR D ~— TesanKoay Sample date 2/24//9/ |
Sample location M €remébuane’ Twle Recovery date R
Kun number  ATPM-| Recovered by ZéjZPF
Filter number(s) Q07007¢
MOISTURE
Impingers ! 7’ 5 lf 5
Final volume (wt) C59.‘(q§.?g Qrﬁjﬁ ml (g) Final wt 747.9 q
Initial volume (wt) ec#1|s92.0[723.5m1 (q) Initial wt Y59S 9
Net volume (wt) 0.2 (3¢5 7.9 ml (g) Net wt Zﬁ-”l g
Description of impinger water g0 % spent

‘_"#M C"&'V (g’r.rgi. £_'54,% ) _ //5’.8/

' Total moisture -2/ 8 g
Filter container number(s) /12208 ls Sealed \/
Description of particulate on filter Iﬁ;(r g,(.d:sl

RECOVERED SAMPLE

_’Lf-ﬁr_\-—probe Liquid level

rinse container no. 1220% -A marked "/
Impinger contents (/+2) Liquid level /
container no. 122/ -A  marked

HNO3/H,0, blank Liquid leve) /
container no. /12211- A4 marked

Impinger contents (3+%) Liquid level

container no. —-— marked

KMnOy blank Liquid level

container no. marked

Samples stored and locked
Remarks ,475417,;,./( EAA/A/. /2209 -H

Sy Eheq Fiarea_f3aun 69070094) = Lopsm #1024
HMACs FBuvk. - 22/ - A

BORATORY CUSTODY .
Received by e S Date :;(5; é(
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant ﬁﬁﬂp Sample date 7‘]16/4/
Sample location __ Kecovery date Z/}é [l
Kun number HAIpm-2 Recovered by j’
{
Filter number(s) Z070092
MOISTURE

Impingers ! 2' } lf 5
Final volume (wt) g22. ¢ (457 8l¥ 77 M (g) Final wt 18/ 0 g
Initial volume (wt) (p?.71897.¢W 7. | ml (q) Initial wt 7$7.¢ g
Net volume (wt) &A.] { 64]2¢ m (g)  Net wt 23 4 9
Description of impinger water 4o % spent
/¥ g D bl L - e

Total moisture 95" g

RECOVERED SAMPLE

Filter container number(s) //o§¢C -8 Sealed /
Description of particulate on filter &&E@ég-?‘;:‘ L Merrne %z Chake

mf:r’/f

L& prode [y Liquid level
rinse container no. AigmErbi~ad-  marked /

Impinger contents (1+2) Liquid level _—
container no. 1/7081-A marked -
HNO,/H,0, blank 122/(-A Liquid level

contfa/infer‘no. L SR >%  marked L~
Impinger contents (7+%) Liquid level

—

container no. marked

KMnOy blank Liquid level
container no. — marked

Samples stored and locked /
Remarks oo Bluh - 13309-4

/ /;9QATORY CUSTODY
Received by %}’ 7t rst Date 5/5/7/

Remarks ,7 ’ a4
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant ,€ 'é /‘Ld T Cx A kAR Sample date /J 7/'?/
Sample location ﬂFFZz'(;’a@ge ~Zxcev— Recovery date ZZ{PJZ7/

Run number  @7rdm - Recovered by M
Filter number(s) __'@‘{ Qo 70052 _—

MOISTURE
Impingers ! 3 Y 5
Final volume (wt) $9572U?9|472¢ml (g)  Final wt 2227 A g
Initial volume (wt)4@o Vud.2ly7¢ ml (q) Initial wt /5.0 | 2K q
Net volume (wt) -4.3 1/, 7]c.% ml (g) Net wt 7.7 g
Description of impinger water 2O % spent
g it C/ﬂ-{y

Total moisture 9 g

RECOVERED SAMPLE

Filter container number(s) /03¢ /3 Sealed v

Description of particulate on filter Agair Abor
M"f probe Liquid level

rinse container no.  //030 -/# marked ~

Impinger contents (/+2) Liquid level -

container no. ") § —A  marked

HNO H,0, blank Liquid level

conta(ner no. /327 =/} marked 7

Impinger contents (3+4) Liquid level

container no. marked

KMn0y blank Liquid level

container no. marked

Samples stored and locked : /

Remarks fre . L3k ~ 12209-A

MWps —1220-A
LABORATORY CUSTODY .

Z g Date Z/

Received by ,
Remarks
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant /\}/(KU - Texelron Sample date _ 2-27- %/
Sample location Ar7ew Gunncp?r A tecT Recovery cdate R -27-%/
Kun number  grn - # Recovered by ,Aj;/(_;{
Filter number(s) G004
MOISTURE
Impingers ! 7’ < l{ S
Final volume (wt) (4.{ 94 so2.eml (g)  Final wt 245 q
Initial volume (wt)y .0 |GT 21228 ml (g)  Initial wt 75,3 g
Net volume (w¢)  —/% 14l ]7-2 ml (qg) Net wt /0./ q
Description of impinger water __ 30 ¥ spent
Yellgy TinT
Total moisture Sle.[ g

RECOVERED SAMPLE

Filter container number(s) //25-/3 Sealed 1/
Description of particulate on filter

Aeelone_probe

Liquid level

rinse container no. /28 - A ___ marked —
Impinger contents (/+2) Liquid level

container no. /726 -4 marked _—
HNO; /H,0, blank Liquid level

container-no. /22/2 -/ marked —
Impinger contents (3+4) Liquid level

coatainer no. ~ marked

KMn0y blank Liquid level

container no. - marked

Samples stored and locked : / :
Remarks

' Received by

Remarks
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant J/« M 7 AR kA Sample date R -Ro7 4/
‘Sample location M 7rpponert THET Recovery date (52’[24 .
Run number RFIm -~ 5 Recovered by figj) P
Eilter number(s) Fo o4 Cé’{m' ,é«{«./)
MOISTURE
Impingers ! r & Y 5
Final volume (wt) £8¢ & 25 «757m (qg) Final wt _ 7P.6 g
Tnitial volume (wt)S#Y o3 1YP9 ml (g)  Initial wt 222.7 g
MNet volume (wt) 93 Y A% ¢.> ml (g) Net wt 7.9 9
Description of impinger water /< ",f,,_.;p. Y74 % spent
MA bl
Total moisture //‘/.{ g

RECOVERED SAMPLE

Ftlter container number(s) /)13 3 /B Sealed e
Description of particulate on filter __M Nty

/ 7
M‘probe Liquid level
wrinse container no. ///33-4 marked e
Impinger contents (/+%) Liquid level _—
container no. ///3-A marked
HN()?/H 0, blank Liquid level
container no. /2 3/2 -/ wmarked ~
Bmpinger contents (3+4) Liquid level
container no. — marked
KMnOy blank . Liquid leve)
container no. marked

Samples stored and locked

Remarks ___é’_/ﬂg 1 é'é'ﬂ: ﬁ:ﬁ ﬁé ¢ D

/yoav CUSTODY ~ / X
Received by / Date JJ/ 7/

Remarks
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

Plant j.Rﬂ.A TExAet pra Sample date R -2§-
Sample location Pfresduesx Inecer Recovery date —2/2«?/7/
Run number ,rast-g Recovered by Cl[/)/j
1
Filter number(s) g 827
MOISTURE
Impingers /. 2z 3 Silica gel
Final volume (wt) 577 723 7894 (g)  Final wt 738 3
Initial velume (wtlgwre [s¥59] %2 m1(a) Initial wt 22/ g
Net volume (wt) =o2-7 I&/ S mi(g) Net wt &2 g
Description of impinger water _ygww T Yp % spent
Total meisture /O, 'Z g

RECOVERED SAMPLE

Filter container number(s) /3718  sealed /
Description of particulate on filter

. Probe rinse Liquid level
containar no. 1//37 A marked —

,J»w blank Liquid level /

container no. /2209 -~ marked

Impinger contents Liquid level

container no, /// 3 8-HA marked —
blank Liquid level

B ——
——

container no, marked

Sampies stored and locked ;r_!; / "
Remarks 470, Lk - jfzo//# LETER GA~E = frr 24 &

SO, MOy E/Ark — fond)3 A

LABORATORY CUSTODY //////7
Received by ’ P2 =P Date =/5/7,
Y Va4
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

Plant ﬂ:e Al - Texea femrn Sample date 2-29-¢/
Sample location g/ " Rguentn a1 Recovery date 2 -24.8/
Run number PIPM ~ Recovered by )oféfd
Filter number(s) U 52/ .
MOISTURE

Impingers Silica gel
Final volume (wt) . Final wt 260 9
Initial volume (wt) £¢%. , Initial wt 7490
Net volume (wt) Net wt & 9 g
Description of impinger water % spent

Total moisture 7.3 g

RECOVERED SAMPLE

_ Filter container n.mber(s) 7/ 729 -~ Sealed &~
Description of particulate on filter ek g0y
L §

Probe rinse _ Liquid level /
container no. ///39-A marked

“blank Liquid level /
container no. [/ 2209- marked
Impinger contents Liquid level /
container no. S SrYO -3 marked

blank Liquid level /

container no. SRR/ -~ marked

Samples stored and locked
Remarks _ o/l And, L0 ek - 22l Z -2

MWRV CUSTODY /
Received by /27 G Date ;!é/
v 7

Remarks
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

Flant Kﬁmj ~ TELARAANRA Sample date 2- 28 5/
Sample location greeduenc®  rawcer Recovery date 259/
Run number g, 0m- & Recovered by
Filter number(s) /053 2
MOISTURE
Impingers / 2 3 Silica gel 22/. 9
Final volume (wt) 4@2.¥ s%.4) y)/Smi(g) Cinal wt <al g ( u “M)
—(
Initial volume (wt)zc3.¢ |§73.7 V/f-&ml(g) Initial wt LR Y g -
Net volume (wt) _-3.> [2 |09 mi(g) Net wt 9. g
Description of impinger water - A - 20 % spent
Total moisture /0. > g

RECOVERED SAMPLE

Filter container number(s) /45 -8 Sealed _—
Description of particulate on filter

* Probe rinse Liquid level _—

container no. /y¥5-A marked
eTamed] ank Liquid level

container no. /220F-A marked ~
Impinger contents Liquid level /
container no. LS ~A marked

HAC2  blank Liquid level "
container no.  /RR//~ < marked

Samples stored and locked
Remarks _ AGn < HoTp Sobirfon &G4mK IR2I2 -

/ RATORY CUSTODY 3//
Received by J /z Date " sy w —
; 7
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant KD~ Ternpehank _ Sample date 2/2&/7/

Sample location Vew7ar, Tp/fer Recovery date 5[%‘[2/
T ey '

Kun number SITPM-| Recovered by
Filter number(s) G0 7005 ¢
MOISTURE

Impingers I Z 5 q 5
Final volume (wt) £47. | Teq 1524 7m (g) Final wt €23, g
Initial volume (wt)éoy.¢ |é30.1|s8c4 ml (q) Initial wt 77¢9 2.4 q
Net volume (wt) *52.& |72.¢}/93 ml (q) Net wt 4.7 q
Description of impinger water _/fac % % spent

Total moisture 3es | q

RECOVERED SAMPLE
Fi_l ter container number(s) /23/9 -ﬂ Sealed |/

Description of particulate on filter A A T

[ 4
_&&probe Liquid level
rinse container no. l)?l?j marked /
Impinger contents (/+2) Liquid level
container no. /2274 -4 marked / _
HNO H,0, blant. Liquid level
conta(nér no. 122/14-A marked ~
Impinger contents (3+4) Liquid level
container no. A K marked —
KMnOy blank Liquid level _
container no. N} marked
Samples stored and locked —

Remarks ég&t ol - [2209-A

/?mmom CUSTODY )
Peceived by ﬁZV’ /7 Date G%
[V

Remarks
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N-07-093
MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant Kf#D = Jecop hop o Sample date 1-/747/7/
Sample location  Veu/Tume _Zg/le s Recovery date {25 7/
Run number SZpLP/M-x Recovered by

. =
trilter number(s) Zo7ol&3
MOISTURE
Impingers | Z 5 q 5
Final volume (wt) ]_3.{3 23.4|44994ml (q) Final wt 7734 g
Initial volume (wt)é44.¥ |58Y.¥|49%¢m (g) Initial wt 272s57/.7 A g
Net volume (wt) /309 26177 m (g) Net wt 2/.77 g
Description of impinger water Céédg/ Yo % spent
Total moisture /9% g

RECOVERED SAMPLE
Filter container number(s) )/ 78 G  Sealed [

Description of particulate on filter /(»%r A%/c%/
174 [ 4

CETEVE probe //5771‘—/77 Liquid level

rinse container no.  Johde==2" marked —
Impinger contents (/+2) Liquid level ,
container no. //¢79-4  marked /
HNO /H‘O blantk. Liquid level /
contamer no. Jooxfy =7 marked

Impinger contents (3+4) Liquid level
container no. A//Q marked

KMnOy biank Liquid level
container no. NA marked _
Samples stored and locked : -

Remarks M - /2209-#

/Aaoyoav CUSTODY .
Received by / /7" Date %

Remarks
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant  RRAN = Terperman Sample date ‘Q/J';' 7,/7/
Sample location fnrne, — racest Recovery date _7Z?Z/57
Kun number STpm- 3 Recovered by //C'
Filter number(s) 907005’5/

MOISTURE
Impingers | 2’ 3 q 5
Final volume (wt) 9274283\ Yhdn (9)  Final wt __ 7¢2.¢ 9
Initial volume (wt)/ef0 [SF/3 |7 Fm (q) Initial wt 4202 g
Net velume (wt) §4.7 1475} /.<ml (q) Net wt 20.4 g
Description of impinger water 70 % spent

\LL2iisH T

Total moisture /39 g

RECOVERED SAMPLE
Filter container number(s) ///2/- /3 Sealed /

Description of particulate on filter /Ma.o,j,‘,,éf Eamar—
7 7

Mprobe Liquid level -

rinse container no. /)2~ marked

Impinger contents (/+2) Liquid level -

container no. /7/ ;1-7-"/4 marked

HNO, /i, 0, Diank Liquid level

cont%né#no. /722/2 -/ marved /

impinger contents (3+4) _ Liquid level

container no. marked -_

KMr0Oy blank _— Liquid level -

container no. marked

Samples stored and locked - /

Remarks

7

< LABORATORY CUSTODY .
—7 ’
Received by 7 M g ——"_ Date ';7?\/5: 7/

Remarks
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant [f)ﬁﬂﬂ - TEXAL KON Sample date 27/,9 7,/9/
Sample location (Ea7ue) - z2c€T Recovery date %Z:é?,/?/
Kun number sTpim- Recovered by PJC
Filter number(s) For003y

MOISTURE
Impingers | 2 3 q ! 5
Final volume (wt) 20f.2 6379 Y22 m (g) Final wt 7552 g
Initial volume (wt) §9-Y (43.4 1962 7 ml (g) Initial wt 2/3.& g
Net volume (wt) .8 |27.3] 2L ml (q) Net wt AR g
Description of impinger water Ve 2 ¥ spent

Total moisture /55.9 g

RECOVERED SAMPLE
Filter container number(s) /7323 -3  Sealed /

Description of particulate on filter

.&@probe Liquid level

rinse container no. /33 A  marked "
Impinger contents (/+2) Liquid level

container no. //724-7F  marked -~
HNO /H 0, blank Liquid level /
contamer no. /422 -/ marked

Impinger contents (2+4) _ Liquid level

container no. marked

KMnOy blank . Liquid level

container no. marked

Samples stored and locked : _—
Remarks

/Asomonv CUSTODY /
Received by i /71//@’1”’"“"’ Date ?Z?L
7 /S

Remarks
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant é(f A.0. = Zexackowo Sample date %/Jg%/?‘/
Sample 10Cation f#Arr.y « snleT Recovery date g/
Run number SLIOMm- & Recovered by \/r ﬁ/:_
Filter number(s) AV SOC i
MOISTURE

Impingers I L 3 Y P 5
Final volume (wt) 7459 'éﬁ,l 403ml (g)  Final wt 746.5 g
Initial volume (wty; 1.5 l6r 51452 ml (g) Initial wt ¢4 3 9
Net volume (wt) /279 4. ]| 3 ml (g}  Net wt /7.2 q
Description of impinger water _g/¢pe 77 % spent

Total moisture ]53.7

9

RECOVERED SAMPLE

Filter container number(s) ///3/—,6 Sealed
Description of particulate on filter

;M& probe Liquid level

/
—
—

_—

rinse container no. 7//3/-~R marked
Impinger contents (/+2) Liquid level
container no. ///32-A  marked

HNO, /1,0, blank Liquid level
cont%/mér’“no. /322/2-/% marked
Impinger contents (3+4) . Liquid level
container no. marked
KMn0y blank - Liquid level
container no. un:fig/////
Samples stored and locked :
Remarks

MB%AI ORY CusTODY

7
Received b)%’r 7”/&"4,/
Remarks 4

Date %
=L
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant RRARD - JexamKanio Sample date 7/7
Sample location Vewrin, Cerled Recovery date d—‘t’é/?/
Run number So PM - | Recovered by
Filter number(s) Joloos3d and % ‘Maéi

MOISTURE
Impingers ! L3 4 5

Final volume (wt) £42.719¢7.4 87271 (q) Final wt 7243 V2.
Initial volume (wt)59/. ¢ e/ >|#7¢3ml (g) Initial wt &9 .3 V. 7/

Net volume (wt) 2¢82 [29¢¢]378.5ml (q) Net wt 3< g
Description of impinger water /& /O % spent
Total moisture 999.0 g

RECOVERED SAMPLE

$3 -4
Filter ccentainer number(s) 292722242 -R Sealed v

Description of particulate on filter M #;m Md‘~ ;__M#_ _

Aeelene  prove #o?5-A  Liquid level

rinse container no. /es5Y-A marked -
Impinger contents (/+2) Liquid level _
container no. /122)5 -4 marked

HNO /H:o blank 1/e14-A Liquid level

contamer no. /12242 - marked _ ~
Impinger contents (3+Y4) Liquid level

container no. A marked -
KMnOy blank Liquid leve)

container no. ANA marked -~

Samples stored and locked
Remarks ﬂ/ﬁ( /-"1 TeaA N 907c09Y [(Cn¥ # //074/—5)
/2209 -1

Momoav CUSTODY ’// i
Date /
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Remarks
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant KRAY - Ferpe poru Sample date ’IZ/X‘T/?/
Sample location  pewntuer g,.7¢ €T Recovery dete ﬂ/ﬂ_éT/q/
fun number SoOpM- 2 Recovered by
Filter number(s) ED 100
MOISTURE

Ihpingers 1 2’ 3 lf 5
Final volume (wt) ¢¢2.3 |$29.7{#57/ ml (q) Final w* 25[.5/ ]
Initial volume (wt)gud® 2|sT%/ |46 ml (g)  Initial wt /929 | /7 g
Net volume (wt) 44.| /.6 1s.€ m (q) Net wt A g
Description of impinger water _,_’é@/ [0 % spent

Total moisture ’7‘)‘.5/ g

RECOVERED SAMPLE
Frliter container number(s) /076 - /3 Sealed l/

Description of particulate on filter M:M,,, A‘?;A‘;b ¢¢»—-
/

LEEEE_ probe 17E7¢=4  Ligquid level _—
rinse container no. /wlatuiage—g marked

Impinger contents (/+2) Liquid level

container no. /677 -4 marked /
HNO;/H,O‘ blank Liquid level /
container no. S22/ =~ marxed

Impinger contents (3+4) Liquid level

container no. ‘N K marked

KMnOy blank Liquid level

container no. N marked

Samples stored and locked : e

Remarks

/ LABO/ TORY CUSTODY / .
Received by% % 1//»%-————” Date %‘7/ .
7 77

Remarks <4
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant )(}(ﬂd ~  TE€cbap Sample date 2/;7/91
Sample location Yenrwe, curcel Recovery date é/;a7/i/
Kun number SO - 3 Recovered by ﬁz A a
Filter number(s) OGS
MOISTURE
Impingers | L 2929 lf 5
Final volume (wt) S/A-4/ml (q) Final wtﬁ Yk q
Initial volume (wt)/& ¢ % | w726 ml (q) Initial wt Z7 A g
Net volume (wt) 4.0 m (g,  Net wt /3.4 g
Description of impinger water w % spent
Ll lltle <o,
Total moisture 23,5 9

RECOVERED SAMPLE

Filter container number(s) /11/9- 3 Sealed L~
Description of particulate on filter ¢/ Ga7r G

M probe Liquid level

rinse container no.  ///19 - A marked —
Impinger contents (/+XZ) Liquid level _—
container no. ///[20 =/t marked

HNO /H‘O blant Liquid level _—
contalner no. /9214 —4  marked

Impinger contents (3+4) Liquid level

container no. — marked

KMn0y blank _ Liquid level

container no. marked

Samples stored and locked

Remarks

BORAJORY CUSTODY
- %M Date %‘7/
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Remarks
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K1 -03653 (055

MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant _ KEAA - Texoenqnd Sanple date 2/ 7/47/
Sample Vmcation suramues Pureel Recovery date v’f/ﬁ?/?/
Kun number <o - Y Recovered by (& /P
Filter mumber(s) GV 0=/

MOISTURE
Impingers ’ 2’ 3 [f 5

-~ »
Final walwme (wt) Lod% |SG/ 4l §e7.5m (g)  Final wt 744 24 g
Initial wolume (wtly22 2 |$%3 @/ m (q) Initial wt 737§ q
Net volume (wt) /44 72]1%.013.5 m (q) Net wt a4 g
Descriptiion of impinger water éZgM ﬁO % spent

Total moisture 55 7 9
RECOVERED SAMPLE
v
Filter apntainer number(s) /1278 Sealed e
Descriptiion of particulate on filter A%r W%/
4 7

;M:_,probe /27 - A Liquid level
rinse camtainer no. marked e
Impinger «contents (/+2) Liquid level .
container no. /28— A marked 7
HNO, /W@, blank Liquid level
cont?aéner‘no. ) X212 -AF marxed /
Impinger contents (3+4) Liquid level
container no. marked
KMnOy R ank Liquid level
contaimer \no. marked

Samples stored and locked

/ao RY CUSTODY // .
ot Date =7/ s/7 ~
7 7 S 7

Remarks

Received iy
Remarks
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MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Plant [ﬂﬂd —mckwﬂ Sample date ,77/2 ZZ¢/
Sample location (EATUL! Syt e Recovery date ,%?/,77/7/

Run number <P - 5 Recovered by //‘

Filter number(s) Ry $3 _—

MOISTURE
Impingers | l 3 L/ 5
Final volume (wt) é_g‘/.s/ 0494 S7e.gml (g)  Final wt _ 792 4 9
Initial volume (wt)gy 7 25457 ml (g) Initial wt 728294 g
Net volume (wt) _72.{ 24106 m (q) Net wt Y1z, g
Description of impinger water [fec 6o % spent
Total moisture /59 g

RECOVERED SAMPLE

Filter container number(s) /712513 Sealed /

Description of particulate on filter W(M 4(4,,46,)
/e J

<

__M:probe Liquid level /
_

rinse container no. /729 -A marked
Impinger contents (/+2) Liquid level /
container no. /// 30 s marked -

HNO, /H,0, biank ~ liquid level /
1. Ha%% .
container no. ,22/2-/4  marked

Impinger contents (3+4) Liquid level

container no. - marked

KMn0y blank Liquid level

container no. _— marked 7
Samples stored and locked - /

Remarks

-7
Received by /,///,

Remarks
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LEAD SAMPLE RECOVERY AND INTEGRITY SHEET

Plant _ [ 4.4 —~ TR( pexpna Sample date 2/1? /9/
Sample location [Azxe; CRUTLET Recovery date %/ﬂ?/f/
Hun number - SCaMm - & Recovered by r{?F
Filter number(s) Pc/05e3
MOISTURE

Impingers / :L', j? Silica gel
Fina)l volume (wt) 4775 l’?f] Q7(m (qg) Final wt 24L0 g
Initial volume (wt)sg28 [¢28]|&Hé m (g) Initial wt 7232.2 )
Net volume (wt) 97 [C]2Sm (g) Net wt @ 8 g
Description of impinger water  ter 70 % spent

Total moisture /23 -& g

RECOVERED SAMPLE

Filter container number(s) //'35—/8  Sealed /
Description of particuiate on filter

Acetone probe Liquid level

rinse container no. #//3S—-4 marked ~
Acetone blank Liquid level _—
container no. /2209 <~/A  marked

0.1 N HNO3 probe y Liquid level

rinse container no. A marked

Impinger contents Liquid level

container no. 1113 € A marked —
0.1 N HNO3 blank Liquid level

container no. marked

Samples stored and locked

“Remarks 4T, v - /,?2/,( -4 frcrew oy - 132G 4

Jﬂﬁjﬁ;ngEORAT RY CUSTODY
Received by[Z Date Lv<3

Remarks




v

%2 | =72 7 78 I 1T o7 707 (1971 <4 | 2% %o/ o7 o> 7
72 | 87¢ rd £ ZZ 1 327 |g6 9 | b | 11 9t 07 S22 ] €
%2 | LS¥& 0 S I 2R KX ZA N/ N7 a2 v & A Z
A A 2 H_WHIHMW LAWY A W YA G A TV
£ £57T » < Ti | 227 7 1 a0/ =12 Z T A
<2 er % 13 T T #elccdlec ol be | 5743 S| ¢
25> | 752 % 73 ST | XA T2 01X 0] 7% it A 37 Z
<9 | 272 | & 3 72 1 %2 FLolrl o] e YA XZ 1 /7
u..sm.n u.mmuﬂ ££> de'te WD, %) ...h..Mm oy | gaasaa [otHuww | B9L °-oL . SHbU [ NN
yIoNd oAl 3une | 13w | T . v 0 A SO0 A0 | W INL | ey
TS | o ameaar | | u:._ﬁm.“uw MROBA | o C ialamevo | Iruxoor | onaress | T
WELIN SVO ABD JUNSSIud IO
— | — | BF|es2] 25-¢ ewe| 5 [lee2| S/ = Tee-Z| 0/47] dor | céé" [ ip1{ T2 S/
TN | AN G Ud |worwia| 0 [ YR "o [ YRT] ‘ON ‘ON ‘ON | ‘ON ..&ugu O®NY | ONX08 (%
RNV w.mu VN ey . _ p«&oauﬂpsiaﬁz 13N | 13030 | a1 | uruson
101d RWOID NVTINIVHL WIFO NYTTNVLL
R A G| $3R0[at | €L[s5o4 |sleT S
d3BAN| Q1 3dAL ONY ) W vig (ShEsIN LY 78] v | W (SMOLYY3d0
TN RLDNT 390U FU | IOISNIXVIS dral | ss3ud | SSI
1004 e | ouvis | UV8
= waos | W] &) TSae0 T A g g AN TX2L — AV Y
EBNNY 34AL TS NOLLYOO DNNIMYS v AL ONY INVJ

v1iva a1314 ONLLS3L NOISSIWI

B-51



X1-U3-055
MULTIMETALS SAMPLE RECOVERY AND INTEGRITY SHEET

Prant R.KR /J ~ Texpck prn Sample date o 2-29- 9/
Sample location Je&rrary a2 T Recovery date 2~-Rf 5/
Kun number SO - 7 Recovered by jﬁ/‘j

Filter number(s) ForoyFE

MOISTURE
Impingers ! L F 4 5

Final volume (wt) Z#.Y &.g D3.oml (qg) Final wt 777(1 VAR g
Initial volume (wt)dow 2|s5v9lsor/ m (q) Initial wt _72720.¥ | 2R 9

Net volume (wt) Fr2l/92179 m (q) Net wt g.2 9
Description of impinger water _ (fegc So % spent
Total moisture /7S q

RECOVERED SAMPLE

Filter container number(s) //s/ -4 Sealed o
Description of particulate on filter CLGHT _GCRAY

Acrere probe Liquid level //
rinse container no. /97 ~R marked

Impinger contents (/+2) Liquid level
container no. marked

HNO; H,0, blank Liquid level -
conta/in:erhno. [o2%r2 = marxed -

. <L c .

Impmgg contents (Fwy) Liquid level —
container no. /vZ-A  marked

KMn0y blank Liquid level
container no. marked

Samples stored and locked

Remarks Aeront Lmsn P o ol P il /%:%ﬁ — fated S~
/ LABORATORY CUSTGOY / )
Received b)% Rt Date ?é v
| 2 = /7
Remarks
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET

Plant Jf( /)./J = T EXIRKAVR Sample date x-2F &/
Sample location ggarats ocaty¢er Recovery date > -2§-99/
Run number o - F Recovered by ﬂ,f:

Filter number(s) GP/O5323

MOISTURE
Impingers 4 z 3 Silica gel
Final volume (wt) (/5] W |ghgmi(q)  Final wt 72521 4
Initial volume (wt)s§3.8° 63| Oml(g) Initial wt 7979 g
Net volume {wt) {Q-ijj:/{fb i/ mi(g) Net wt 9. > g
Description of impinger water ([ Zee— 70 % spent
Total moisture Jog. & 9

RECOVERFN SAMPLE

filter container number(s) /#/¥Y3 - - Sealed /
Description of particulate on filter

Probe rinse Liquid level /
container no. S/ S3 -~ marked

pLLeranedl ank Liquid Yevel e
container no. /AR T -A marked

Impinger contents Liquid level

container no. s/ R marked —
7/r25 blank Liquid level

container no. /2200 R marked e

Samples stored and locked
Remarks WO, + FalP, ﬁllf?/h:/ & r~R S22/~

Zixzéé//kABORATORY CUSTODY I////,’
Received by’ _ %, Fr2pe——" Date %f/
7 e

Remarks




INITIAL CEM CALIBRATION AND PERFORMANCE EVALUATION

Plant /(’ga’éug /&1 ,61()/‘)(.\/ Parameter J,, C0,, 0,, NO gng.:

Location Zracelon Monitor BT, 2
Date -G/ Span value gpmor % <v7.9
Operator 7 sz pmasd Chart scale 100
PN ST g2 5 Pbar, in.Hg <5
Chart divisions Concentra-
" tion pre- Cali- Sampling
Cal. gas Direct Injection dicted by bration system
Cylinder conc., injection through equation,* error,** bias, ***
No. ppm or % to monitor system Direct System % of span % of span
Am 0753z SC 2, Fr. 5~ 272 sevy |s¢3.3 =319 74
Pemocsarss 30 s 9.5 2925 | 309.0 . 5 -/'¢ 2./
Actn o0 rcorc. 7C )/ o232 243 ,00.7 | 7723 0S| 2./ —2.(
7 Vo N SC . LY SR V2 St X Bt SRR ST

* Perform linear rejression 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 -¢7%) p///
m (./7239 )

Correlation coef. = 9799 L////

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

Pollutant ppm/% =

(Concentration cf cal. gas,
- predicted conc., ppm)
Span, vpm - £ x 100

Acceptable limit = #2% each gas (THC limit is *5%).

** Calibration error, % span = ppm

*** Sampling system bias =

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

Acceptable Timit <5% of span

Minimum detectable limit = 2 percent of span or _// o @w or % (circle
one)

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

J95 s, &8 s, 28 s Avg. 2% s

Precision, % scale = difference in chart division response for two repeated

injections of the same gas concentration = &¥d . vy = .3 %

(clock time = 4752 ) l

COMMENTS : { a\
B-55 673 '
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DAILY CEM CALIBRATION AND PERFURMANLE EVALUAI LUN

Plant ALr 4 _ Parameter  50,, (0,, 0,, NO CTAD
Location  Zaege oo Monitor Becmon e
Date =2 -3 - &/ Span value @pmor % /9 2
Operator £ ;Zﬁégnﬁﬂnéf/ Chart scale 100
PR o5 625 Pbar, in.Hg _ 39.0¢
Time, Pretest sps55~ Post-test ys»e  Tamb, °F e
Run No.  penvmuai smeerT
Concentration Analyzer
precdicted by cali-
Cal. gas Chart divisions equation* bration
Cylinder conc., error,¥*  Drift v+
No. ppm or % Pretest Posttest Pretest Posttest % of span % of span

568 56 yso  gos 25 3 ° o

|

i

i

]

1

l

o]

Ff e g0l gL w03 -z g07 9}‘!/
' i
I

]

i

}

i

|

}

|

i

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

y =mx +b x = ppn y = chart division

For data reduction:

Pollutant ppm/s = LChart division - bl . %CD ééf’% v

Correlation coef. = ,99979

(Cal. nas conc. - conc. predicted) x 109
Span value

** finalyzer cal. error, % span =

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

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

*** Drift % span =

Acceptable 1imit <3% of span

Minimum detectable 1imit = 2% of span or _ o> ¢ g@wor % (circle one)
Maximum zero drift = ¢ % of span or ppm or ¥ (circle one)
Maximum cal. drift = .S~ % of span or ppm or % {circle one)

COMMENTS: Pretest or posttest (circle one) calibration used to quantitate
sample data. Posttest is used if drift exceeds Vimits and 1f post-

test yields higher concentrations.




DA]LY Ctr’l LAL‘UKHI]UN ANU FLRTURIFAITUL Lrmneurss awee

Plant (A fuerSFens, Lejot Parameter  S0,, CO,, 0,, NO ,CTED

Llocation 7€ ok €44 Monitor 66(([@/ w2
Date - A% 74 Span value gpmdr % <37.0
Operator A LrFcens/of Chart scale 100
PN LS 2s Pbar, in.Hg .
Time, Pretest cfog”  Post-test Tamb, °F _70°
Run No. REdu-(, siom-1  Spem-2
Concentration Analyzer
predicted by cali-
Cal. gas Chart divisions equation* bration
Cylinder conc., error,**  Drift, **+
No. ppm or % Pretest Posttest Pretest Posttest % of span % of span
Acmoesz z S@3 9.0 S0 -2 \/
Aimeoogrssy 300  S1% oS .3 v
Am o100, 197 230 Jor 0 & e
(a2 A - - S Y/ S AU ‘/

* 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:

3 . . (Chart division -~ b) _ (CD -$-20)
Pollutant ppm/% ~ o /

Correlation coef. = 9994

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

** Analyzer cal. error, % span =

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

(Posttest cal. response - initial cal. response) x 100

*** Drift % span = Span vaTue

Acceptable limit <3% of span
Minimum detectable limit = 2% of span or /2.§ gowor % {circle one)
Maximum zero drift = % of span or ppm or ¥ (circle one)

Maximum cal. drift = % of span or ppm or % (circle one)

COMMENTS: Pretest or posttest (circle one) calibration used to quaniitate
sample data. Posttest is used if drift exceeds Vimits and 1f post- ":
test yields higher concentrations.

W
7
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CEM DATA REDUCTION SHEET FOR BAG ANALYSIS OR STEADY READINGS

- *

Pate _ -0 9/ Parameter SO,, NO , €O0,, 0, TAD} CO '
Operator ﬂZ/@gy_/_/PN fose 28 Location g&?17zwer ,aceT l
Pollutant ppm/% = (Chart division - b) _ §CD -5.20) A - 55/

m = G2 )
g.609 gwo" 89/ 1
Average
Time** chart
Run No. | (24-K) | division]| Conc. Comments '
<STAm -2 |row-,0v5 | 65 7 '/ oV C-90 Me~ge
STt !4/
7e O-r0° 7 s o2
- - € Vidudd
e @ g 100 RareE  [ImARLT deree’ '
(0T i~/ 305 &5 2
Tee T /75
30871334 724 7S — })If
o-S’ ' Ve ./
y330- 78| &5 7 L/ ?/449 THE paed 5 1 AT D5
- - {
e se |2 BT ) b seadeiy g
- 43 S03 | @ / o i

w3l &5 75 LLW T . 57’%4& ﬂt///ﬁi
s
P ‘;}7 DY "

*
For NOX indicate whether NO, NO + NOZ’ or NO, for specific interval.

*k
Indicate whether time interval is from beginning of first time to begin-

ning of second time or to end of second time (circle one, or describe
alternate).

/:' ) / :/'
Calculated by ﬁ{ -éfjléé/on 25 77 Checked by i){ iguﬂn ﬁéé’ iz l
77 -
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DAILY CEM CALIBRATION AND PERFORMANCE EVALUATION

Plant KL A4 Parameter  50,, CO,, 0,, N0, AADD
Location 2w ee £fAVA Monitor Beopenal ez
Date 22959/ Span value QPDr % </ 2
Operator ;ty:/e.fg.ana/ Chart scale 100
PN o<, 28 Pbar, in.Hg 2997
Time, Pretest P6%/ Post-test 37 Tamb, °F 20°
Run Wo. _Arrex degasr an T
Concentration Analyzer
precicted by cali-
Cal. gas Chart divisions equation* bration
Cylinder conc., ervor,*  Drift we
No. ppm or % Pretest Posttest Pretest Posttest % of span % of span
Atree s34 2. S@3 G.3 KIS Sewlr Y935 - 2 X
PLac0o$)ISS 300 £5.3 5%.% W/ o7/ 3 <
Aemoreo,e 79/ XS 22% e 6§ S92 a4
At Zedl . B ... VA SU/I% SN RS X A Y A2 + 8

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

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

For da t"'a reduction:

/5 = (Chart division - b) _ (CD - 4Llp)
) m Cle7? )

Correlation coef. = 979'7

Po]lutént ppm

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

*¢ Analyzer cal. errcr, % span =

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

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

*+¢ Drift 4 span =

Acceptable limit <3% of span

Minimum detectable 1imit = 2% of span or /2 gmmor % (circle one)

Maximum zero drift = /4 % of span or ppm or % (circle one)

Maximum cal. drift = £4 % of span or ppm or % (circle one)
COMMENTS: Pretest or posttest (circle one) calibration used to quantitate

sample data. Posttest is used 1f drift exceeds Vimits and 1f post-
test yields higher concentrations.

B-66

W




CEM DATA REDUCTION SHEET FOR BAG ANALYSIS OR STEADY READINGS

Pate o X 1-9/ Parameter $0,, NO ,* €0,, 0, :::2 )

Operator /) //2 ¢4 4//PN KisaerS  Location @i on Tl l
Pollutant ppm/% = (Chart dwxswon - b) _ (CD - Sl ‘
.
Average /&40 YRILTT vv"F D > 5
: Time** | chart gblc eIt} = 05 [~ 5000 gyn "
Run No. | (24-H) | division| Conc. [ Corments
f‘):f‘('l": . }’-7:? -G 5 - \j(. Wiihen N me ot BT £/ o
B N / TIMET RSB R = Crta faih <o T CR OFE - SR
f/u(,c‘/' AV A (‘l;. : . 117" RUAK mA) 1
e e PP L et Tusmeeme ousck Y _;
IR AYE Y el 304 ‘1)»((;. PHIX r i TE
Yy v Y2 ol . .
pNE ~i2 S /)J/l5 M‘},' l/f;*’ éf}p‘,’\(/ '
(S 133 | e 4 376
3503 | 1Y |7 sy door AT & e TE R SAEE @ sw,rl
- ~ i
1303l D0 FISY | arr seace - Rq,l?ﬂ MJ-,\',L(-\ 5t ot (Xl(,’)
124 =% 2.6 (22 ::“” \/I‘J!'\ ("{’(ZNA"’“: /[ﬁf"" l“)’) (»D (ﬁffmi 't‘
I L2 P / / ¢ A,
=77 543 ‘h/pm\c %0,

1455 <1531 8§ 155

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

lndicate whether time interval is from beginning of first time to begin-
ning of second time or to end of second time (circle one, or describe

alternate).

Calculated by /./ZJ//??_%/M 5-57-f/ Checked by QAW on 3%"‘\\
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DAILY CEM CALIBRATION ARD PERFORMANCE EVALUATION

Plant ﬁﬁ#,}d. Parameter s0,, €0., 0,, NO @_ | l
Location _ 72 ogimcn Honi tor Lxmey 02 - '
Date P> & ad A4 Span value <JTDPr 2 S¥7.2
Operator ﬁ Z, ‘éﬁﬂﬂ/‘/ Chart scale 100
PN Fos ¢z8 Pbar, in.Hg o f 25 l
Time, Pretest 3259 Post-test ,330  Tamb, °F .2
Run Mo, ALY i“lﬂcﬁ E bt . '
Concentration Analyzer
precicted by cali- !
Cal. gas Chart divisions equation* bration
Cydinder conc., error,**  Drift eut
" No. ppm or % Pretest Posttest Pretest Posttest % of span %X of span ’
Amocsz SO3 2.3 93%¥ Sevo s72.9 -2 -6 V%
Acmeoos 158 304 570 s8.5 oL 023 .3 A V'
Amotooo /O 230 Y /008 3 0Y -7

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

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

For data reduction:
. (Chart division - b) _ (CD ~&4?
Pollutant ppm/% . T /

Correlation coef. = G249

(Ca). gas conc. - conc. predicted) x 100

** Analyzer cal. error, % span = Span value l

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

ave {Posttest cal. response - fnitial cal. response) x 100
Drift % span = Toan value

Acceptable 1imit <3% of span

Minimum detectable Vimit = 2% of span or _//. 0 g@or % (circle one)
Maximum zero drift = 7§ % of span or ppm or £ (circle one)
Maximum cal. drift = 5% of span or opm or $ (circle one)

COMMENTS: Pretest or posttest gcircle one‘ calibration used to quantfitate
sample data, osttest 15 use rift exceeds 1imits an post-

test yields higher concentrations.




CEM DATA REDUCTION SHEET FOR BAG ANALYSIS OR STEADY READINGS

. o *
Pate P Raildd Parameter $0,, NO_,” C0,, 0, <TRE €O
Operator jd/" PN SOS5E2S Location AA7ccpionew X rger
_ (Chart division - b) _ (CD - $<7 )
Average
_ Time** chart
Run No. | (24-¥) | division| Conc. Comments
vt SIS B 2 @ F scacd 2 QLU it
Arnes, bssoens| g v, detd (IIJW\) > 4 ipf 42\4(;7”
JAxc byes (1A yrae ~/{_,.3

v &h /¢ ¢ 75 €
777’_1{ e g¢ /f7/

il | 78 i
icyr- 0iE | 7S /C. G KO pumsmi) BETETABLE o7
NI - 1 e ar Gt Scwel” T ;LOO A

VPR RN . €34 5[41.) (3’6 Prq\v -> 1% )] (37”“\ |

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

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

alternate). ,
Calculated by /%/on 3-8 %/ -Checked by w on 525/‘“
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APPENDIX C

LABORATORY DATA SHEETS
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CERTIFICATE OF ANALYSIS
ITAQS Cincinnati Date: April 9, 1991
Attn: Mr. Chuck Bruffey
Job Number 21341 P.O. Number 805625

Thie is the Certificate of Analysis for the following samples:

Client Project 1ID: USATHAMA Project
Date Received: March 5, 1991
Work Order: X1-03-031

Number of Samples: 11

Sample Type: Sand/Water

ﬂ I. Introduction

S8ix sand and five water samples arrived at ITAS Cincinnati on March 5, 1991. The
samples were sent for analytical work in support of monitoring work on the USATHAMA

H Project. The samples are labeled as follows:

Sand # 1 (1) Sand # 5 (1) Water # 31 (1)

sand # 2 (1) sand # 6 Water # 32 (1)
Sand # 3 (1) wWater # 30 Water # 33 (1)
sand # 4 Water # 34

(1) These samples were placed on hold per client's request.
11. Analytical Results/Methodology

The analytical results for this ireport are presented by analytical test. Rach set of
data will include sample identification information, the analytical results, and the
appropriate detection limite.

The &nalyses requested are lieted on the following page.

Reviewad and Approved by:

//

?.\’aw/?L\M (:‘S.L/ ‘_/

Tim Soward
Project Manager
103031

Amernizan Council of Independent Laboratones
Internausna Association ol Environmental iesung Laboratories
Amencar Assaciation for Laboratory Accreditauon

C-2




Client: USATHAMA
Work Order: X1-~03-031
10303101 IT ANALYTICAL SERVICES

CINCINNATI, OH

I1. Analytical Results/Methodology (cont.)

* lead by Graphite Furnace Atomic Absorption;
EPA Method 7421

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

III. Quality Control

Immediately following the analytical data for the samples can be found the QA/QC
information that pertains to these samples. %he purpose of this information ie to
demonstrate that the data enclosed is scientifically valid and defensible. This
QA/QC data is used to atsess the laboratory'e performance during the analysis

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

C3



Client: USATHAMA
Work Order: X1-03-031

10303103 IT ANALYTICAL SERVICED
CINCINNATI, OR

Analytical Results, mg/L

Client Sample 1D Water # 30 Water # 34
Lab No. 07 11
Dattact o

Analyte Lioin
Cadmium 0.004 0.007 a.ao2
Chromium 0.083 0.064 [ )
Lead ND ND Q.02
Zinc c.082 0.20 c.ang

ND = Not detected above the reported detection limit

Quality Control
Standard Reference Solutions

Theoretical Percent
Analyte Value Recovery
Cadmium 1 95.3, 95.7
Chromium 1 99.2, 100
Lead 0.075% 93.9

2inc 1 ' 97.1, 102




Client: USATHAMA
Work Order: X1-03-031
10303102 1T ANALYTICAL SERVICES

CINCINNAT], OH

--II--I---n--------------------------------I-I-l

Analytical Results, ug/g

Client Sample 1D sand # 4 Sand # 6
Lab No. 04 06

petectio
Analyte Limit
Cadmium 26.7 40.4 0.2
Chromium 14.3 35.1 0.3
Lead 25.9 (1) 77.% 2
Zinc 38.4 161 0.5

ND = Not detected above the reported detection limit

{1) The detection limit for lead for this sample is 0.3 ug/g

Quality Control
standard Reference Solutions

Theoretical Percent
Analyte Value Recovery
Cadmium 1 96.3, 97.0
Chromium 1 99.4, 99.0
Lead 0.075 92.9, 80.1
Zinc 1 94.8, 96.0

G Iy O Ny R e M O iy M G ) O e aam
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CERTIFICATE OF ANALYSIS

ITAQS Cincinnati Date: April 19, 1991

Attn: Mr. Chuck Bruffey

Job Number 21341 P.O. Number 805625

Thies is the Certificate of Analysis for the following samples:

Client Project ID: USATHAMA Project
Date Received: March 5, 1991
Work Order: X1-04-026
Number of Samples: 4

Sample Type: Sand

I. 1Introduction

Your sand samples arrived at ITAS Cincinnati on March 5, 1991. The samples
were sent for analytical work in support of monitoring work on the USATHAMA
Project. The samples are labeled as follows:

Sand # 1 Sand ¢ 3
Sand # 2 sSand ¢ 5

(1) These samples were taken off hold for additional analysis on April 1, 1991.

I1. Analytical Resulte/Methodology

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

The snalyses requested are listed on the following p‘qo.'

Reviewed and Approved by:

W@' Q M.—,ML//
Timothy Sowgfrd
Project Manager

10402¢
\

Amencar. Council of Independen Laboratonies
Internanonal Association of Environmental Tesung Laboratoties
Amenizar. Association for Laboratory Accreditotion

Cé6
IT Analytical Services * 11499 Chester Road « Cincinnati OH 45246 - 513-786244600




client: USATHRMA
Wwork Order: X1-04—026
10402601 TT ANALYTICAL SERVICES

CINCINNATI, OH

e

Il. Analytical Besults/Methodology (cont.)

* Lead by Graphite Furnacc Atomic Absorption;
EPA Method 7421

* Cadmium, Chromium and 2inc by Inductively
Coupled Plasma Spectroscopy; EPAR Method 6010

III. Quality Comturol

Immediately follow:xng the analytical data for the samples can be found the QA/QC
information that peertains to these samples. The purpose of thie information is to
demonstrate that tihe data enclosed is scientifically valid and defensible. This
QA/QC data is used. to assess the laboratory's performance during the analysis

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

C-7




Client: USATHAMA
Work Order: X1-04-026

10402602 IT ANALYTICAL SERVICES
CINCINNATI, OH

Analytical Results, ug/g

Client Sample ID Lakt No. Cadmium Chromium Lead Zinc

U sanae1 o " e 0.70 2.9
Sand # 2 02 1.7 13 18 16
Sand # 3 03 5.5 24 23 34
Sand # 5 04 2.8 1% 23 22

Detection Limit 0.2 0.3 0.4 0.5

Quality Control
Standard Referemnce Solutions

Theoretical Percent
Analyte value Recovery
cadmium 1 98.4
Chromium 1 102
Lead 0.075% 105, 10S

Zinc 1 97.%




T e s A

CERTIFICATE OF ANALYSIS

ITAQS Cincinnati Date: April 9, 1991

Attn: Mr. Chuck Bruffey

Job Number 21341 P.O. Number 805625
This is the Certificate of Analysis for the following samples:

Client Project 1ID: USATHAMA Project
Date Received: March S, 1991

Work Order: X1-03-046

Number of Samples: 8

Sample Tvpe: Multi-Metals Trains

Eight multi-metals trains arrived at ITAS Cincinnati on March 5, 1991. The samples
were sent for analytical work in support of monitoring work on the USATHAMA
Project. The samples are labeled as follows:

Run # AIPM-] Run # AIPM-S
Run # AIPM-2 Run # AIPM-6
Run # AIPM-3 Run # AIPM-7
Run # AIPM-4 Run # AIPM-8

II. Analytical Results/Methodology

The analytical results for this report &re presented by analytical test. Each set of
dats will include sample jidentification information, the analytical results, and the

appropriate detection limits.

I. Introduction .

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

page.
Roviguod and Approved by:

O/C*’W Yo s .J\C/ S

Tim Soward .

Project Manager
103046

Amencan Counaill of independent Laboratories
Internationa;i Associauon of Environmental Testing Laboratories
Amencai. Assacianudn 19t Laboratory Accrednatiorn

C-9

T Asglytical Services < 11499 Chester Road « Ciacinnati, OB 45246 + $13-7324600



Client: USATHAMA
Work Order: X1-03-046

10304601 IT ANALYTICAL SERVICES
CINCINNATI, OH

prEEREEEEEEEEEEE S - -

I1. Anaiytical Results/Methodology (cont.)

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

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

I1I1. Quality Control

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

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

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




Client: USATHAMA .
Work Order: X1-03~046

10304602 IT ANALYTICAL SERVICES
CINCINNATI, OH

Analytical Results, ug

Client Sample 1ID Run # AIPM-1 Run # AIPM-2 Run # RARIPM-3 l
Lab No. 01 02 03

Detecti
Analyte Limit
Cadmium 160 63 7.7 2 '
Chromium 190 250 11 3
Lead 540 160 49 11
Z2inc 1300 490 86 S
Client Sample 1D Run # AIPM-4 Run # AIPM-5 Run # AIPM-6 '
Lab No. 04 05 06

Detectign
Analyte Limi
Cadmium 12 40 61 2
Chromium 37 130 75 3
Lead 64 1560 190 11
Zinc 78 660 270 S
Client Sample 1ID Run # AIPM-7 Run # AIPM-8 l
Lab No. 07 08 .

Detecti@n
Analyte Limit
Cadmium 160 44 2'
Chromium 8s 19 3
Lead 290 110 11
Zinc €10 140 S

ND = Not detected above the reported detection limit




Client: USATHAMA
Work Order: X1-03-046

10304603 IT ANALYTICAL SERVICES
CINCINNATI. OH

' -]

Quality Assurance Data

Quality Control
Standard Reference Sclutions

Theoretica. Percent
Analyte Value, mg/L Recovery
cadmium 1 86.7, 95.8
Chromium 1 85.6, 87.8
Lead 0.7% 92.0, 84.4
zZinc 1 80.4, 82.9
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et T At pvm e wraivtics rartrcuv:ate Dats
- 2T IMS R TSmEes AT Flilep-S
taant thrk! TENsBL N0 kurn Ne . :AlBM-1

—_— — e = - — .- = e e - m - . e e EmEme—e - e — = ——— am —— e e - — - -

- o — e . e e e e s e e e e m e em i e = % L = = e e T o - - = = — o - m - ———— - - ——
S el oG i bbb Qi ool el st e e e s

Samrle Samu e . liquid level at mark

tvp= identitian)e : and/or container sealed
Acetone yes o yee
Filter w2 o ves
Arstons Flani. Reelidue Corn. . 60771 mgre Lab #: 013046018

Aretnmn coanne —er l----:/_ —————————————————
vate & U one- o1 W:.;T;;‘:?’::éiAH Beaker Grose Wt ., 110143194 mgo/’
Date & Time o1 Wt.éj;;j;:—;?;;;; Beaker Gross Wt.:EQIZZéT;“mgy/’

kverare Gross Wt.:1101419.7 me

ceaker Tare Wt.o:lwelole. 7 mgv//

lewees goetone blank wt.: 1.4 mg
Farticuiale Wt.:---;;;jimmg
Fairer £ st oe e
P R K T S PR SR ol e Y Filter Gross Wt.: 569.35 mg
Date & Time 1 WL.;}i;};i_;:;é;é Filter Groas Wt.:---gé;T;’mgu//
-------------- Average Grqas Wt.:---gégjz-mg
Filter Tare Wt.:---;agté—mg ~
Weight. of Particulate on Filter:---zagjg_mg
Weight nf Particulate in Acetone Rinse:---zggti-mg

T¢tal Wt. of Particulate: 328.9 mg

oy - - - -



Mt tr A Arasvtscal Particuiate Dat=
=1 ane b g anid Filter: )
| AR L SRR SV MY Rhun No.:AlI'M-

Savyle L~uarlonAr;FFP KNLR/INLE” Denelty of Acetone ¢.7899 g/ml"’

Samyp 1= . Denyle ! Ligquid level at mark
type 13 nTitiarie : and‘or container sealed
Aretcorn YF- . YE:
Fi:ter YE ! YE-
Lot = - - - CoMnl o ma e ‘/ Lalb g X1a3k0n4euit
R - " K r v
. . LT _ . _ , -
PRt b T ame o0 W AT et Argihuly Eezker Groass We . 1 1vzZH02.2 me
Date & Tipe 21 Wt 3.1g 20 F:7vAY heaker Groge Wt.,:102802.9 mg"/

Average Gross Wt.:102803.1 me

Beaker Tare Wt.:lez/iwv_. & mg“//

i¢er aretone blank wt.: “n.49 mg
rart.culare Wt.:--.—;;T;—mg
Milrey v on : v oieawagesh

T E S B "I I AN 4 Filter Gross Wt.: 486.3 mg «~
Date & Time ot Wt. ;;1;;;1-;-;@;; Filter Gross Wt.:-_-;éétgnmg o

-------------- Average Gross Wt.:_-—;ggjé-mg

Filter Tare Wt.:_--;é;tg-msy/’

Weight of Particulate on Filter:----;;jé-mg

wergtt oY Particulate in Acetone Rinse:----ggt;-mg

Trterl Wt. of Particulate- ~-_;IéT;-mg

—— v - - -

Sle@cAature oI mnalvet 772;& 22[2 ____Date-j-litsz—
o MG S S LA .-_ é‘_ﬂ____ldte'_(//z--
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Meinoed 20 Urain Lnxlytice) Particulate bata
Aretore LFincses end Fil-eriten
Tooamt s KA CYLny A ko No L tAIPM-35

- o . — —  m o e e e - e Sm S Sm e e em e e
s sy s s« e

Samp-l~ samip )=
tvpe idertaiiiable
Acetone | YRS
Filter | YRS

pmipusgupum g gt g ghainghngungugiuapngha g

. Liquic level mt mark
! and/or ~ontainer eealed

e L . e e e e s wn - e e O ev =

-t o  ———

Acetcne Rlank Residue Corr WL a7 me/g Lab #:X10504603R
brerire Ve lones Yo ;t---;; ---------------
Dete & 1ime a1 w:.;i;;::;‘;:4bﬁ' HKeaker Groes Wt.: 97529 7 mg
late & Time o1 Wr.;:;;:;-’;-:é;é Beaker Gross Wt.:—;;;é;-t-mg,/’
-------------- Average Gross Wt -é;éé;-; g
Beaker Tare Wt —;;;;;-é-mga/’
iree mme<ome blank wt.: ;jé-mg
Fartiruiate W+ —~-—Z;T;-mg
Filtey # Dooes B vamieaeess
hare & ‘i o1 Vit o~ oa sl R 10pM4 Filter uross Wt . : 426 .5 meg~"
Date & Time of Wt. 5;1;;;;-;-58;9 Filter Gross Wt.:---ZEéjg—mg-"
-------------- Average Gross Wt. ---;;;T;"mg
Filter Tafe Wt.:-~-;5578-mg4/’/
Weight of Particulate on Filter:-----gt;-mg
Weagnt ¢t Farticulate in Acetone Rinse:_---zzfz-mg
Tctal Wt.. of Particulate: —---zété—mg

:
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Me-r 0 1 Trair Aralvtica! Particulate Dar:
poertrre rarmes and Filterce

Filant :RRAD=TERARKALN kun No.:ATPM-4

sampie anatlonﬂrleEICNER/INLEl Density of Acetone @.7899 g/ml-//

Sampie 5 Sampie E Liquid level! at mark
tyrpe | idertit:atie 3 and/or contziner sealed
acetore ke é YES
Filter ven o yes
Acetone Briany Fes:die Conc . Q0L 00T mesg ’// Lat #:X10.104604K
e s e r T
[ate & Tame oY w:.;mizizj_;:lﬂAM Beaker Gross Wt.:10800..5 mg +~
Leve N fime 71 WL.;jZ;?;;m;t;;;; Eeaker Groee Wt.:Iég;gztg—mg —
-------------- Average Gross Wt.:zéé;é;T;-mg
Eeaker Tare Wt.:;;;;;zt;-mgv/
icce acetone blank wt.: ;T;-mg
Farticulate Wt.:----;;Té-mg
Farurter & o ey j =7 o Leaedseds T
Liate & Toime c1 v [ 7=l B CTVAM Filter Gross Wt.: 457 .¢ mg~"
Date & Time of Wt. ;;;;;;1—;~;é;g Filter Gross Wt.:---;5gjé-mg¢/’
-------------- Average Gross Wt.:---zgétg-mg
Filter Tare wt.:-“-25172~mg"
Weight of Particulate on Filter:-—--;gtg-mg
Werem1 ©f Farticulate in Acetone Rinse:--—-;;T;-mg

Totel Wt. of Particulate: 55.5 me




Ma+hnd 5 Trymin Analvtical Farticulate Data
~oetone Rinses and Filter(s)

Plant trkalc TEXARFANA kun No.:AIPM-5

- - e = e . . mm e o = o . = = A e 4= = = e m A R - T . e A = . . W o= T - = e = . e . - A = e Ee e - - e —
- eEme e memm- - L L LD Dl Il L L s L L S e S S s I L A S T T L I S e e T 2=z =2=2

Samele sAmple X Ligquid level at mark
typ= . identifiarie H and/or container sealed

Acetons YE=- ' YES

Filter Yi < ' YE3

T o T o o E m m o o e s s e - s m e e e e o o e e e e e e = m  m m — A 4 - - — ——— - —
—=Z=-=C B T T =i pumyu ot oo =il gl i vl e ibeen b gl g

Acetare Kiank hesidue Cors.  ©.e¢77 ma/e v//' Lab #:X12304605B

Acercne V:iume: S0 oms .

Late & Time ¢ Wz.;jzgj;?—;:ébkx Reaker Grose Wt.:102176.6 mgv//
Date & Tims of Wc.g;li;éi';ZEBAQ Beaker Gross Wt.:;éél;étg-mg“/'

-------------- Average Gross Wﬁ.:iééigéjé-mg
Beaker Tare Wt.:léélgzjé-mgw/

Lecs acetone blank wt.: ;T;_mg

Farticulate Wt.:-—--;;j;-mg

Fisv=sr B oHelong T er piteecdnsbAa

Date & Time 01 W2 521401 oo lifm Filter Gross Wt.: A58.7 mg
Date & 1ime ot Wt.;;;;;;;-;:;é;é Filter Grose Wt.:_—-éggt;-mg./’

-------------- Average Grqss Wt.:—--gggté-mg
Filter Tafe Wt.:——-ggzta-mgy”

Weight of Particulate on Filter:----ééjg-mg

Weight of Particulate in Acetone Rinse:-~-—;;T;-mg

Total Wt. of Particulate: -——16575-mg

Signeture ¢t Analve® :77/7 . L 4 7. Date:\?’[g.?/
SIENAatare I nReviewsl: 4:: L'“'“.ZA/?'/

--------‘---




Merr-n 2 iralr ArAalve

dcal Parti~uriate liar -

kcetore kinses and Filterisn
Fiant :rRAl- TEXARKANS Run No. :2IPM-8
Sample LoLa?1owAblnREuHNnn/1hLEl Density ot Acetone 0.7898 g/ml P

. = = - - - ——— e e -
—— e e L e Em et e e e m R e e Emm e m f m e e - .- -——-—-

- e v e e - W T o = TR e G e G e W S W
e e e e e e . = A = n. . . o -

Sample Samplie , Ligquid leve. at mark
tyvre identiiiavie : and/or container sealed
Acetone . e L yes
Filter ' ee o yes
Acetone Plany kes:idue (Con- .77 mg/g o~ Lab #:X103046468
Acerors v Lur - 147 ;---; —————————————————
laze ¢ ims A1k —~;-—- ; <Lpbl Beaker Gross W+, :104457.1 mgo”
late & Time -2 W: ;/;;:;:-;?:;;N Beaker Grosgs Wt 1&%;;;§é-mgw/’
R Average Gross Wt. Z%;;;;-é—mg
Beaker Tare Wt Ié;;lz-;—mgu//
lecs acetone blank wt.: ;T;—mg
Particulate Wt —’--;;—;_m;
Eilreoy g re i po NIV Ingeuns T
Trmte & lome ¢z W o« 7id 0l m1WAM Filter Gross Wt.: 40t B mgs//
Date & Time of Wt -;;;;él—;:5é;g Filter Gross Wt.:---;é;—é-mga/’
-------------- Average Grose Wt.:-_-;;gjg-mg
Filter Tafe_Wt.:--—ssgtg-mg,/’
Weight of Particulate on Filter:~-‘-;éjg-mg
weaghs of Farticulate in Acetone Rinse:~——-;5t5-ng
Total Wt, of Particulate: ~-—;Iét5-mg
SiEnature 1 Ana yero m‘m /{_’” _____ Date F-/9-G
Jyeniature ot Rev. =y % % Date ,///f/




Metnoat - Tralr Anzivtical Particviate [ata
Aretone Kinses and Fiiterice)

Flart  hrAD-TEYARKANE kun No.:ATPM-7

cample DAT L e ; Liquio level at mark

U S S S andzor comtainer eealed .
Acctone | YE? : YES
Faver o vee T yes
Ace~~ne b.enk kes2due Cone. @, 0077 mgrg v Lab #:X105046@7R

- S
pates & Time oo- w'.:j;;;wz—;:dﬂhﬁ healzer Gross Wt :11eD0%917 .6 mg’/’
Date & Tine o1 w:.:fIZT;Z-;:EBRQ EBeaker Groes Wt.:Iégéz;j;-mg‘/’

Average Gross Wt.:105917.6 mg

Eeaker Tare Wt.:104RBA.2 mev”

j.e2s acetone blank wt . : 1.2 me
Farticulate Wt.: Ul me
Filrey & 2050 Tab g 1¢a0ndnnT A
Liare & TTirne o v e A BTt Filter Lroges bt - HEc 6 me
Date & Time ot Wt.3,14/81 4:30FM Filter Gross Wt.: 355.8 mg+”

Average Gross Wt.: 355.7 mg

Filter Tare Wt.:  328.9 mgv"

Weight of Particulate on Filter: 25.8 mg
werght ot tarticulate in Acetone Rinse: 39.2 mg
Total Wt. of Particulate: 56.0 mg

S:enature of Aralvest:, ' 117 i
JCzZQzléaz_ g7
SIENETUNE T ReV1eW- gt ’/éz;;

- ,ll S & S B a8 W a e o ) o O ow 4 i e N




Mernoa

-,
.

“ro.n Analyr

Heetone Rinse

ical Particulate Data
s and Filterisi

kun Neo.:AIFM-8

e e e e S e e e o o o e - E— e - - s e e

Sanple Sarmplie , Ligujd Jeve! at mark
tvpe 1dentiliavie ' and/cr container sealed
Acetone © ve- . ves T
Filter ee o es T
Acetone EBic Reszdue Uono ©.0¢77 mg/g Lab #:X103¢4608B
S ER] g Tis r:_-:-/- .................
Izte & Time o7 Wi ;_ ;-;;_; 49AM Eeaker Gross WL.:101966.9 mg/’/‘
Late & Time o1 We.:ot2oat AijuAM  Beaker Grose WE.:101966.9 mg,”
-------------- Average Groez WL.:;;I;;;-;-mg
Beaker Tare Wt 1;;;;;---ms///
T avetone blank wt.: ;T;-mg
Ferticulate Wt.:-—-_zgté_mg
Fitremryr & GQ-jennil, et E:Niosedsess
frate o Tins o W L1474 B lveM Frlter Gross Wt 342.8 mgv”
Date & Time of Wt.3/14/91 4:30AM  Filter Gross Wt.: 342.9 mg+”
-------------- Average Gross Wt :--_5;£t;“mg
Filter Tare Wt.:  331.5 mg”
Weight of Particulate on Filter:----zzjz-mg
Weight of Particulate in Acetone Rinse:----;;tg-mg
Trtal Wt. of Particulate: ----Q;T;-mg

-
&

oot

1

ataure HHE-WS

\lgnatl re or heview ) E:/ % %g

bete:2.09-9¢.

—— - A - — - -
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BREEC “Semvices

CERTIFICATE OF ANALYSIS
ITAQS Cincinnati Date: April 9, 1991
Attn: Mr. Chuck Bruffey
Job Number 21341 P.O. Number 805625

This ie the Certificate of Analysie for the following samples:

Client Project ID: USATHAMA Project
Date Received: March 5, 1991

Wwork Order: X1-03-083

Number of Samples: 5

sample Type: Multi-Metals Traine

I. Introduction

Five multi-metals trains arcived at ITAS Cincinnati on March §, 1991. The samples
were ®dent for analytical work in support of monitoring work on the USATHAMA
Project. The samples are labeled as follows:

Run # SIPM-1 Run # SIPM-3 Run # SIPM-5
Run # SIPM-2 Run # SIPM-4

I1. Analytical Results/Methodology

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

Each train consisted of a filter, acetone, and HNO3 impinger. The filter

and acetone were analyzed per EPA 5. After EPA 5 analysis they were

composited with the HNO3 impinger and analyzed for the metals listed on the next
page.

Reviewed and Approved by:

/ ? - . 1 S
O/(. S u‘\dy“ ///</ \‘S
Tim Soward

Project Manager
103053

Amencan Council of Independent Laboratones
[nternauonal Association of Environmental Testing Laboratones
Amernizan Association for Laboratory Accrediiation

C-22
IT Analytical Services + 11499 ChestexB<@@ - Cincinnati, OH 45246 - 513-7824600



Client: USATHAMA
Work Order: X1-03-053
10305301 IT ANALYTICAL SERVICES

CINCINNAT], OH

II1. Analytical Results/Methodology (cont.)

*» Llead by Graphite Furnace Atomic Absorption;
EPA Method 7421

» cadmium, Chromium and 2inc¢ by Inductively
Coupled Plasma Spectroscopy; EPA Method 60i0

I1I. Quality Control

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

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

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

C-23




Client: USATHAMA
Work Order: X1-03-053

10305302 IT ANALYTICAL SERVICE
CINCINNATI, OH

6 A S S
Analytical Results, ug

Client Sample ID Run # SIPM-1 Run # SIPM-2 Run # SIPM-3
Lab No. 01 02 03

Detection
Analyte Limit
Cadmium 14 14 7.5 2
Chromium 32 ND ND 3
Lead 42 15 12 0.6
Zinc 62 ND ND S
Clien* Sample 1D Run # SIPM-4 Run # SIPM-5
Lab No. 04 05

Detection
Analyte Limit
Cadmium 6.6 8.3 2
Cr.romium . ND 29 3
Lead 4.4 15 0.6
zZinc 11 120 -]

ND = Not detected above the reported detection limit

C-24




Client: USATHAMA
work Order: X1-03-053
10305303 IT ANALYTICAL SERVICES

CINCINNATI, OH

Quality Assurance Data

Quality Control
| standard Reference Solutions

Theoretical Percent
Analyte Value, mg/L Recovery
Cadmium 1 86.7, 95.8
Chromium 1 85.6, 87.8
Lead 0.7% 92.0, 84.4
Zinc 1 80.4, 82.9

C-25




Ma= Yohrzlv sn=lviical Farticulate Data
Aretorns karces and Fiiteris)
Flant : RRAI-TFXAR R ANA kun Ne. :SIPM-1
Seriple LocationVEKCURD INLET  Lensity of Acetcne ©.788Y g/ml _/
Samy. e SAEME L# tiquid level et mark
tyre iuentiTaiatle : arnd/cr container sealed
Acetone yeo o vee
Filter . yes o yes
Averone Biany Regiddi- ¢ voweT? mgrg ’// Lab #:Y1é30530vlE
Rosrone = o1l ;---;; ----------------
Date & 1ame oI w: :t;;:;j—: 4nAl Beaker Gross Wt.:124974.6 mgy”
Date & Time of w:.?jizf;;-;-:;;; Beaker Gross Wt.:zégé;gtg_mgv”
-------------- Average Gross Wt.:I;;;;;Tg-mg
Beaker Tare Nt.:;é;;;étz-mg./’
Lesge ucetone blank wt.:_--_-;-;_mg
Farticuiste Wi.: ;T;—me
Fairer o dnnig e Beascimalh
Date o Ganms o7 we 14 Gl 1eAN Filter Gross Wt. 479.8 mg ~
Date & Time of Wt.;;;;;é;-;?éégé Filter Gross Wt :-__;;;j;_mg -
—————————————— Average Groes Wt.:--—;;;jg-mg
Filter Tare Wt.:—--;égta—mgv’
) Weight of Particulate on Filter:_--—Igjg-mg
Weight of Particulate in Acetone Kinse: ;Ti-mg
Total Wt. of Particulate: ~“-.-—;:/Tgl.mg

signatur: o1 Analys*:2/77 .

S1gnature oI Reviewsy :

1

e - .-

- am n —— -



Merthoed & Trajin Analytical Particulate Data
Acetcne Rinsees and Filterte)

Fiant :RKAD-TEXARKANA Run No.:31PM-Z

Semple LocationVENTURK: INLEY  Density of Acetone ©.7899 g/ml o~
Samg ie : Sample E Liquid level at mark

type . Mdenmimasbie . U and/or container sealed .
Acetone ! YEs YES
Falter | yes o yes
Acetone Blank hesidus Can~. @.0077 mg/g -~ Lab #:X1030530ZE

Acetons Vo uns: ITE ;Tf-:;;: ---------------
Date & iims o wt.?ig;j;:‘;:éaﬁﬁ Beaker Gross Wi.:102983.0 mg v~
Date & Tin o7 kt.;;;;;;ghéj;;;; Beaker Gross WL.:;;;;B;Tg—mg o

— e e e e, o, ———— - - -—— - -

Average Gross Wt.:10288R.8 mg

Beaker Tare Wt.:102983.2 mgv’/

Less acetone blank w* .: 1.1 me
barticulate Wt.: ;T;—mg
Fiiter s Qo7aocs Lot ®:Xlusesseza
Dat= & ‘fam= 1 w0 1400 4l JOAl Filter Gross Wt.: 467 . @ mgV”
Date & Time of wn.é;ii;;I-;?ééﬁé Filter Gross wt.:---;é;tzmmg V’/
-------------- Average Gross Wt.:——-;;;ji_mg
Filter Tafe Wt.:---;;;j;-mgv"
Weight of Particulate on Filter: gtg-mg
Weleht of barticulate in Acetone Rinse: ;T;-ms
Total We. of Particulate: ;Tg-mg

Signature o Analystq

CTIFture Ol REVIEWSY |




Mesh ool ot Train Analvtica) Particulate Dacs
poeterne binses and PFilter(s,

Plant thRAI-TEXARLANS kurn No.:SIPM-3
Sample LocationVENTURI INLEQ  Density of Acetone @.7699 g/mb~
Sanmpie : sany e 7 Liguid level at mark
type icier v a1 andle . and/or container sealed
Acetone . yee o wes
Filter @ vee o ves
Acetone Biank kesicus Cone.  ¢.0077 mgig < Lab #:X10305303B
Foetone Volume: 1w ;:T-:;/h- -------------
bete & Time o1t ht.;:z;j;i_;:ébéﬂ Beaker Gross Wt.:101583.7 mg v
Date & "ime o1 Wt.;:;;:;;-;:£;;; Reaker Gross wt.:1515§5T§-mg./'
—————————————— Average Gross Wt.:;ézgégfg—mg
Beaker Tare wt.:1515§§f§—mgu/’
Lese acetone biank wr.: ét;_mg
Farticulate Wt.: ;Tz—mg
Filter g we7vas=- Lat 8:Xleawbzesa
are & Taime 1 w5 3440 A0 iwAb Filter Gross Wt.: 472.2 mg”—
Date & Time of wt.;;z;;él-gjééﬁﬁ Filter Groes Wt.:--—;;éjé-mgv"
-------------- Average Gross Wt.:--—;;gjé-mg
Filter Tare Wt.:-~‘;88TI-mg*"
Weight of Particulate on Filter: 8T;_mg
Weight of Particulate in Acetone Kinse: ;iz-mg
Total Wt. of Particulate: ----;gjg—mg

Si@nature S 1Y Ara,veat

./7/7 _____ ___Date’;_-_/_Q/_‘_Q_/_
S1€naturs 1 Reviewey é 97/; Z Date: W/, f/
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1
piesrod 4 Tyznim Anastvtical Partieculate Data l
Acertons Rinses &rd Fiiter(s)
Fiant :RRAT-TEMwFrals kun No.:S1PM-4 .
Sample LocationVENTURI INLET  Density of Acetone @.7899 g/ml,” s
Sample Carile ' Liquid leve] at mark '
MR almunetle S and/or_container sealed
R;;;;_ yEs : YES '
Filrer | yes T ves
Acetor= Rlanl kesidus CToios,  ©.o0@TT ngrsg v Lab #:X10305304K .
Acetone Vooionage . r:.j.i—.y-_ ------------- .
Date & Time 1 We ::”l] -Elzét»AM Beaker Gross Wt.:102961.8 mg+«"
Date & Time of W: E—;;-::_;-:;”/—\; Beaker Gross W*,.:IE’EET?;;T;—mg/ .
T Average Gross Wt.:;;;;E;t;-mg
Beaker Tare Wt ;;égg;—émg/ .
Less acetone blank wt.: ;T;‘mg '
Particulate Wi.: ;T;—mg
Fiitey # 9¢7aunnm Lt w:xiedceseas .
Timtm op 5oines ST WT R 9 s JUAY Filter Gross Wt .: av3 @ me" '
Date & Time of Wt:d’/:;;é—l—t—l‘;é;;l Filter Groses Wt. :-"l—iézg_mg/
-------------- Average Grose Wt. :---;;;T;-mg' '
Filter Tare Wt. :---;g;tg-mg./
Weight of Particulate on Filter:--"-gjz-mg '
Weight of Particulate in Acetone Kinse: é-;.mg '
Trtal Wt. of Particulate: _—-‘Iijé-mg
""""" 1
Si1erAature oI A 1~.'.j"—"':
_.,L;(/‘m |
SIENTTUYS (T ROV1EWET /" .
|




Metrmoa b Tiyeyy Anzlviticatl barticuliarte Data
Avermne Kinses znd Filter(sn

Foiantinkel- TEXARKLNA kun No Lt 8IPM-G
Zample LocaticnVENTURI INLET  Density of Acetone ©.7699 g/m)
::::::::?:::?:::::::::::::::::::::::?:::::::::::::::::::::::::::::::::::
Sumpie ; Teryle : Liquid level at mark
tvype | 1denti1isr e ; and/cr cor.tainer sealed )
Acetone © ye: o } e
Frirer ver - es
Lretoane Rlany hesidu= Jons. 0 @GTT mg/g'w//’ Lat #:xiv3nkhinsp
AvaTonme v = 1— .-—:7-- )
Lizage & pomee e w'.:i:;igz-;:‘VAM Beaker Gross Wt.: 97¢1s.4 mge”
Date & Time o7 k'.;;;;:;;_;;;;;Q keaker Groes WT.:-;;;;;T;-mg“”

Average Groes Wt.: 97018.5 mg

Beaker Tare Wt.: 97013.¢ mg .~

le== acetone blank wt.: 0.6 mg
Farticulate We.: ;t;-mg
Eedrer £ oM iem e Ler ®iNiCEeER@Ln T
Dimre s Jawe rz2 ws - TG By G lee Filrver Gross W« . e mg"’
Date & Tinme ot Wz.é;ié;éi-éZEQEQ Filter Gross Wt.:--—éééjé-mg v
-------------- Average Groes wt.:'--éééfé_mg
Filter Tafe Wt.:-_—gééjg-mga/’
Weight of Particulate on Filter:—-_--176~mg
Wwergh: o: Farticuiate in Acetone Kinse: ;T;-mg
Trtal Wt. of Particulate: ét;-mg

-t o -

Signature v Araluet:

STENGTUre o7 hbv:awa'??%%:/zZiqééﬁg ------------ Datﬁ:zgaggéi-_
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CORPORATION Laboratory Data Cincinnati

Client: 7 > A< < T 45D Analysss: E oA S
PN: Dale:J oz Method Number: /sy _ O/Q"w
Extracted By: /77 fv//CFﬁSDf'
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(oot p? \ Tze Croas  |Gross  yfross
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sifmg  ud9 053 197¢13c) g5 97.019 7.0/3% {41033
il N Y
o (end® _ kop# \LHae® L Toge Gross |Geos 1 Gross
L rony L 1921303 \"bafvsﬂq 0 ~vcosd ] Ye 2 LRIl 4752 \/4%
kT OYRD 20 BOI00W3] 469/ A -G8 70D Vele70)
oy U OB oan lacnoces|  Yes /44737 {41 2
soMmud 113 38 cyplacncod) 45 vyd Ao V(dwe3o 4
e s 11318 =alaccsool. 3365 & 3407 |, 3394 K
e TN 5, PRGN o TS VISR 5 v
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CERTIFICATE OF ANALYSIS
ITAQS Cincinnati Date: April 9, 1991
Attn: Mr. Chuck Bruffey
Job Number 21341 P.O. Number 805625

This ie the Certificate of Analysis for the following samples:

Client Project ID: USATHAMA Project
Date Received: March S5, 1991

Work Order: X1-03-055

Number of Samples: 9

Sample Type: Multi-Metals Trains

I. Introduction

Eight multi-metals trains and blanks arrived at ITAS Cincinnati on March 5, 1991. The
samples were sent for analytical work in support of monitoring work on the USATHAMA
Project. The samples are labeled as follows:

Run # SOPM-1 Run # SOPM-6
Run # SOPM-2 Run # SOPM-7
Run # SOPM-3 Run # SOPM-8
Run # SOPM-4 Run # Blank

Run # SOPM-5
II. Anelytical Results/Methodology

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

Bach train consisted of a filter, acetone, and HNO3 impinger. The filter

and acetone were analyzed per EPA 5. After EPA S analysis they were

composited with the HNO3 impinger and analyzed for the metals listed on the next
page.

Reviewed and Approved by:

5fL G~ \éb* Lk x S
Tim Soward

Project Manager
103055

Ame:icar CTcuncil ol Ingependerni Laboratones
Internanonal Association of Envitonmental Testing Loboratories
Ameinizar. Association for Loboratory Accreditation

C-32
IT Analrtical Services ¢ 11499 Cheste - Cincinngtl, OH 45246 + 5137624400




Client: USATHAMA
Work Order: X1-03-055
10305501 IT ANALYTICAL SERVICES

CINCINNATI, OH

II1. Analytical Results/Methodoleogy (cont.)

* Lead by Graphite Furnace Atomic Absorption;
EPA Method 7421

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

I1YI. Quality Control

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

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

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




Client:

USATHAMA

Work Order: X1-03-056

10305502

Client Sample 1D
Lab No.

Analyte

Cadmium
Chromium
Lead
Zinc

Client Sample 1D
Lab No.

Analyte

Cadmium
Chromium
Lead
Zinc

Client Sample 1D
Lab No.

Analyte

Cadmium
Zhromium
Lead
Zinc

Client Sample 1D
Ladb No.

Anplyte

Cadmium
Chromium
Lead
Zinc

(1) The detection

Analytical Results, ug

Run # SOPM-1

01

53
650
1000 (1)
1500

Run # SOPM-4

(074

Run # SOPM-7

07

- - -

linit for lead for

Run # SOPM-2

02

Run # SOPM-5

s

24

Run # SOPM-8

08

Blank
Filter
10

2.4
3.0
4.9

83

this sample = 11 ug

ND = Not detected above the reported detection limit

C-34

IT ANALYTICAL SERVICES

CINCINNATI, OH

Run # SOPM-3

03

Run # SOPM~6

06

Run # Blank

09

P N Y L T T S

ND
9.6
2.4

58




Client: USATHAMA
Work Order: ¥Y1-03-05%%
10305503 IT ANALYTICAL SERVICES

|
CINCINNAT?, OH '

Quality Assurance Data

Quality Control
Standard Reference Solutions

Theoretical Percent
Analyte Value, mg/L Recovery
Cadmium 1 86.7, 95.8
Chromium 1 85.6, 87.8
Lead 0.7% 92.0, B84.4
1 80.4, 82.9

Zinc




et 1 prany Analvtaca! Lats

e e A e m e o o e el M e e e e . - e T . e L e S e e P TR En e A e e s e e Y WE OB S S e -

e e - e e T R m . o M e e s e . . e e am m e A A e . - A " o S - e - @ e am S S mm e . g e T -
bl s o s s oo i s ey ey

Samyie : Liquid level] &t mark
Rleank Tvre 1gaentiTial le : and/or container sealed
Acetone  +  oes ves
Filter  + ves o yes
hrenine £omin e e iaeen T Lab sertemonsecs
Vetume o mest e N

Dave & 1ime 7wt oooig ool st L BN tealler Gross Wt.:107376.1 mg.="
Date # ane o wi.ooor vl Corobbn Beaker Gross Wt.:107375H.9 mg.~”

B T e -— - - - —— —

Average Gross Wt.:1lv7376.0 mg.

Beaker Tare Wt.:1¢7373.9 mg.~”

L ame o —-~_T:;___ heaker Net Wt.: gtl-mp.(ma)
e Acetone Blank Value:-_;j;;:;-mgfe (Ca)
Fianik vajus wuie: S0y Cascilatinnes: V.97 mese
Frlrter &0 o rvi=g Labr #:X103005UHA
Date & Ti;;-;}-azjg;;;/Ql 8:10AM Filter Gross Wt.:---;égta-;;i;'
Date & Time ot K:.gj;;;;;-;;;;;;- Filter Gross Wt.:---;;;T;-mg-”
--------------- Average Gross Wt.:---zggfzhmg-
Filter Tare Wt.:---;ééta-mg"
Difference: 5T;-mg
Femerre T

signature o2 pnajvet o

"8-s9 9/ _

Iﬁtez_}QQZ?Z__

LAIFTELRY Y O raeriow. v




Methou % Prank

Aretone Blany Value:

riant thr=. - ~rannkiv-
enszty 71 Acetone . 7Tnhss gomli (pa)
' Sanrgple
Biank Type. identifialile
Acetone '
__________ ;-__..._-_....______,--_---___
Filterx : YEZ=
Acetone rlomrp Unnrainer v
Volume oY Areton= m (vVva:
Date o Tame oot ws
Date & Time o1 wt
fm=)
LA IRE T Tommewn———
r\ = (:p::.\
lank Va:us us=a t-r taleculations:
Fiiter #: Seivdge-

Kemarke

Signature c1 Analyst: 27 / ' :7
/ .
Sienatur~ 1 keviewer: /£Z§

Analytical lwmte

: Liquico jevel at mark
: ands/or container sesled
' YES

Lab #
Beakar Groses Wt.: mg
Beaker Gross Wt.: mg
Average Groess Wt.: 0.6 mg.
Reaker Tare Wt.: me.

FKeaker Net Wt.:

ERR meg /g

—— - ———

Lab #:X10305510A

Filter Grose Wt.: 336.7 mg v~

Filter Grées Wt.:_--ééété—mg v
Average Gross Wt.:---gggjé-mg

Filter Tare Wt.:-‘-ggéjgumg ~
Difference:---—:;jiamg

———— e = e e e - e B an - - . - - - - — - —
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Nerend o Tweslin Arajvtical Parti~ulate [ata
wwrcrae hangses and Filteries:

Fiant :RRiri -TEARRb AN kun Ne. :SOFM-1

S O O i i gy - . - e - - -

— - = - -~ m e - - —— - — -

- e o e - e e = . v T m e m m e m e h e T S e e e W R Gm W im e w— =~ WA W A e o == G - e P D e S o= g = . A e A — - A ——
o iei=iuncl e s o ol e bt e et g il e e i s g

Samypie SRy e ' Ligquid level at mark

TVE~ | identitiamrije ' and/or container sealed
Acetone | i . yes T
e T LT R
Aretone Flad r-ciaue Jans, o077 mgog V// Lab #:X102u5501E

e T T

Timte v T oapse ot W’.:i?;,ﬂ? ;:!%%H beaker uroess Wt.:1:323).7 mg <«
Date & Time o1 WT.;jz;i;?-;?;;;; Beaker Gross Wt.:zag;;ijé-mg v

Average Gross Wt.:103231.7 mg

Beaker Tare Wt.:1030146. 3% mg'//

l.ess acetone biank wt.: 4.7 me
tarticulate Wr.: ite. i mg
w=:cnt 0t Fartaculate in Acetone Kinse: 176.7 meg
Filtey £ Slioni st s niCZob550lA
Date & Time of Wt.3/14/91 B:10AM Filter Grose Wt.: 670.0 mg <
Date & Time ot Wt.3/14/491 4:30PM Filter Gross Wt.: 670.0 mg

Average Groes Wt.: 67¢0.0 mg

- - ——— -

Filter Tare Wt.: 421.6 mg 'd

—-—— e o — -

wWweicht ot Particulate on Filter: 2468.4 mg

- . . — - —

Signature 0! Anaivet: ' We&s ate:
ShENrE el MneNe o Lo  Ebador bave: 3.49-9/.
Slgnatar.- 03 Eﬁs—»"(-v:-?r:-—-‘ “4%— e l’at-ei-’z@"-_
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t:aivtical Particulete Data
rters (Cont . )

Run No. :SUPM-2

— e e e e e e - e e e - - — —— e - . e e ———— - -

(£
o™
=
=
Lo
NS
1T
-
A
(“I
el
—
o
=
-
P
.}
5

- e e e o ——

Date & Time of Wt.3-/14/91 &:10AM Filter Gross Wt.: 527.9 mg

- o -

Filter Gross Wt.: 52B.¢0 mg +

Date % Time o1 wt 2,142 4 hup

Average Groes Wt . : 548.90 mg

Filter Tare Wt.: 22.4 mg

‘ticulate on Filter: 10b.6 mg

e

weleint ot Fa

- - - o -

T e A e ST e

FilJter Gross Wr . : me

Liate & Tir- 7 Wi

Average Uross Wrt.: D0 mg

Filtver Tare Wt.: me

—_———— e = - - -

eox1e Gl particulate on Filter: 0.9 mg
Weilight or Particulate in Acetone Rinse: 178.7 mgv"

Weight of Particulate on Filters: 354.0 mg‘/’

Total Particulate: $32.7 mg

- - a

Comm=nr s

e o e e e e e e R e s R A e e e e e B e a4 T = % P e = e R - = e — d— - — - =

e e m in e v e e e e e e . R = - - = e = e - = - A e WD Y e - —— - -

- = ———

Slgn=ture o1 /sna]}'S't,:Z?/) 1 » ‘dg: -------- b&tetg;./_z_-f/-

. Fiaster Gross Wt . mg '




= s Try=r o pmria vy
- = RINSE
Foarr o wmi - TRRAR A
Samzie lo~ationVENTHR] OUTLET
Sampie sAamyn e
tvpre 1aent i riar <
ACetrton= YE o
rile-= Y
Bl cns Rinnp Res: = (T Vil 7
Fretrne v uns s n. o
et & lim= c1 wt 20 0q .87 4 1he
Dere & Time ~t Wt .~/ 15,49 R:55AM
laes
Filten g e me g iesehhay
s o Daves 2 wim -1 fepv

Date & Time

Weight of Part

vwe_cl o1 Particulate

1

Toatal Wt

F=rtrculate lats
Firterisi

RKun No. :SOPM-2

—— e e e -

- e e e e e o - = - . T em P - e = W W e e e o

Liquid level at mark
and ‘or container sealed

e e e e - = T = R T e e e e - En . e e W = A -
— - — ——————— e e - - T e e Gm T e . e

—-— e .- -

Beaker Gross Wt.:

——— e ———

heaker Gross Wt.:

Average Gross Wr.:

beaker Tare Wt :

acetone blank wt . :

Farticulate

A
Wiltery rose We o 43G.K mg
Filter Grose Wt.:---;;;t;-mguz’
Average Gross Wt.:---zzgté-mg
Filter Tare Wt.:—--zgztg-mg”’
ijculate on Filter: éténmg
in Acetone Rinse:---—zat;—mg

—— e -

of Particulate:




Metr~a & Train Analytical Particulate Data
Aret e Kainses and Filteris)

tar thhal-TEAARAALA Run No. :SOPM-~
Sample LocationVENTURl OUTLET  Density of Acetone ©.7899 g/ml «
Samule ; Sample E Liguid level at mark
tvpe identafaat.le ' and‘or container sealed
acetons  wze o ves
Filter ¢ yee N yes
Acetons Eiank residus (onc, L0077 ngle v Lat #: X10u305503B
Aceror= \orams, i1 —‘—--; ---------------
bete & Time o1 WT.;:;;;;;_Q:IbPH Reaker Gross Wt.:100566.2 mge"
Date & Time of Wt.;:;;:;;_;j;;;; Beaker Gross Wt.:zé;;égté-mgv”
—————————————— Average (Gross Wt.:;;égggj;-me
Beaker Tare Wt.:;;;;;;té-mg
Less ucetone blank wt.: ;T;_mg
Farticulate We.: ;T;—mg
Falter & ovivdaon- Ll B NleBeseess
i Lo Trme e v PTG AT s el Filter Grosz Wt.: 47%.0 me
Date & Time of Wr.;;;;;;;’;?;;;Q Filter Gross Wt.:--—;;étz-mg./’

i
s
i
:
i
]
i
!
:
I
g
i
§
i
g
i
!
]
i

Average Gross Wt.: 473.1 mg

O e

- - -

Filter 7Tare Wt.: 471.6 mg’//

——— o —— -

Weight of Particulate on Filter: 1.5 mg

——— ——————

Weaignt ot Particulate in Acetone Kinse: 7.1 mg

Total Wt. of Particulate: 8.6 mg

é Jrgnsture of AnaJyst:;ZZZLH“¥M127.ZZQ/ _____ Date:&-ég 5?__
i TENTTUXE 01 AeVIewEy //4// J}?q 22: Date: Ja/kéz




Met.o 4 & r=. acxlvtical Parrtisuiate Data

Ao Tene Foovzes oAand Rrgrer s
Fo=ot thReb =T enbans kun Nc. :S0OFM-4d
Sample LeoassonVENTIE] OOTLED  Density of Acetone ©.7889 g/ml o
Sampi= Sanmple ; Liquid level at mark
type 10t iTiahle 5 and/or ccritainer sealed
Acetone yee . yes T
Filter & ves T ves
Arstonmne Kiary resiniae U v el mgrg v Lab #: X103vbHQ4H
AoEtOone v unes 1w r:—--:/" ---------------
pete N lime o1 ht.tT?:T;t-;:]bFM Reaker Groas Wt.: 97563.2 mg ¢«
Date & “ime ot Wr.;:I;:;IN;?;;Aﬁ Beaker Groes Wt.:-;;;;Zt;—mgv’
______________ Average Groee Wt.:—;;;;;jé-mg
Beaker Tare Wt.:-;;;;;ja—mg./”
Le:s acetone blank we.: ;T;—mg
bParticulate We.: ;T;’mg
Fiirer & St v, a8 iiemobbeds
RES RSN TEE: I A R T R Filter Gross Wt.: 469 .7 mg «
Date & Time of Wt.3/14/91 4:30PM  Filter Gross Wt.: 469.8 mg
-------------- Average Grogs Wt.:--~;ggjé-mg
Filter Tare Wt.:---;g;jz-mg~"
Weight of Particulate on Filter: ET;-mg
Weignt of Farticulate in Acetone Rinse:u—-—-gtg-mg

Total Wt. of Particulate: 8.9 mg

Signarure of Ansjvsr: ' £;7
72elsa. 77
. 2

SA1E6NATUre -t o heer eewey
' /_42_




Meth~4 & Train Analvtical Particulate Date
A~etorne hinses and kilter(s)

Faant L ERAD-TEXARKANA kun No.:8C M-5§

— s e e L L L L L L L L S . . s A, S . e N e e s s s s I I S s L I e e -

Sairple ! Sample E Liquid level at mark

type ident:tfiahle , and/or container sealed
Acetone . yes o ves
Fitter ver o ves
meetone Blan: Resauus Cuno. o G.ecT7 mgsg v Lab :5X10305545E

oS o= v ANne s r—t—.-} ----------------
Late & Tnrnme o2 W:.;:;;:;z—;:loPH Beaker Grose Wr.:102139.0 mg~”
Date & Tame c12 Wt.;;;;:;;-;?;;;g Beaker Gross Wt :;6;;égjg-mg~”

- - ——— -

Average Groes Wt.:10z136.9 mg

- - - - ——

Beaker Tare Wt.:1021¢8.3 mg“’,
Less acetone blank wt.: é?g-mg
Farticulate Wt.:----;;jz-mg
Filter = Qulungen Lev g:nl@30b505A
Date % Tume o1 WL . GH/1470 5 I0AM Filter Grose Wt.: 336.9 mg~"
Date & Time of Wt.Q;IZ;QE—ZZSQEQ Filter Gross Wt.:---éggti—mg-”

Average Gross Wt.: 336.1 mg

e ——— ——

Filter Tare Wt.: 335.1 mg”

Weight of Particulate on Filter: 1.0 mg
Weight of Partaiculate in Acetone Rinse: 29.1 mg
Total Wt. of Particulate: 30.1 mg

—— e an . -

A flyesson . Patei3 9 91
w11

Slgnature ¢l Analyet:

CLfEnAaTu e 7 heviewsr:




Mevrcr b Train snzlytical Particulate Data
B oetne hineee mnd Falter(s:

Tomrr (RRE-TEMLRYANS Kun Ne:oo: S0OPM-©
Semile LocmticrVEN-URI GUILET  Lensity of Acetone ©.7609 g/ml o
Sample : SENE Qe : Liquid level at mark
tvpe . iriertitiatie E and/or container sealed
cetone . yEs 2 vyes
Filter © e - ves
Aretons Flack hesidus « oo v owr7 mgrgY” Lab #:X10325506B
Acet e L it [ ;I-I—-:; -----------------
Date & Tims ot Wt.;jzg;;i-;:lﬁpm Beaker Groes Wt.:11954¢2.0 mg «~
Date & Time ot w:.;:I;;;I-;?;;;; Reaker Gross wz.:IQBZBITQ-mg —

Average Gross Wt.:105402.0 mg

BReaker Tare Wt.:105393.2 mg*’/

jers acetonrne blank wt.: ?.9 meg
Farticulate Wt.: ;j;_ms
Foire: 80 el Lt poLesabbesh
Date o Fons o0 w14t B TOAM Filter Gross Wt.: 339.8 mg

Date & Time of wt.é}iZ;éi-Z:;éﬁé Filter Groes Wt.:—-_gggté-mg -~

-------------- Average Gross Wt.:--—gg;t;~mg
Filter Tare Wt.:—--gggti-mg -

Weight of Particuiate on Filter: éfé-mg

Weignt of Particulate in Acetone Kinse: ;T;-mg

Totnl W'. of Particulate: ét;-mg

Zignature of Ar.a]ysr:_ : /.Udﬁ. g;,v o Date:— ;_/-qv_—gl
signature ©1 RKeviewsro: 74‘_‘/_/%‘;&&_ --------- Date: f///‘/




|
M=tiiaet & Trzin mnalvtical Particulate Data '
.-=t~re Rinss=s and Filterrs:
Frant i kEAI-TEXF®KANE kun Ne .| :SOPM-7 '
Semple LocationVENIURl OUTLET  Density of Acetone @.7699 g/mly i
Sample ' Sampl= | Liquid level at mark .
type ! idertifiable : and/or container sealed
Acetone | ye: o ves }
Filter '@ ves o yes
Acetarne Blan) kesaidue Conc,  @.0077 mg/e v Lab #:Y10305507k l
Acetr o Voiars ENURS r::—-;’ ---------------- .
Date & T:ime o h;—z:—;:—li‘bh’ Beaker Gross Wt.:1e:&559.7 mg/
Date & Time ~1 Wt ;:;:\—/;1;—;_»;';1 Beaker Groes Wt. 1;;5;;~é—m9/ '
------------ ‘ Average Gross Wt.:I;;;é;T;-mg
Beaker Tare Wt. ;;v—';;’—/h;-mg/ .
l.=zs a~etone blark wt. :~--§. ;T:‘J—mrz '
Farticulate Wr.: ;—Zﬁ-me .
Filesr o 9 l0dt Lol modeseste7A '
HES R N L S S LI AU R AR 10 Filter Grossz Wi.: 3554 me '
Date & Time of Wt:;;zzl/;i-;_éél—’l; Filter Gross Wt.:~"52-3;>jf;-mg ~
-------------- Average Gross Wt. :---:-33575-11@ .
Filter Tare Wt. ;-—5:-3;7;-"@ -~
Weight of Particulate on Filter: 6-..:1-mg .
Weipgnt otf Farticulate in Acetone Rinse:_"--ét.:s-mg .
Total Wt. of Particulate: -——--;T;-mg
Signatur= ¢f Analvsar: mw dw ”__Date:b?:—/_ __-ﬁ{ '
Jienataye o) hewaewsr % / Late: ,///; l
1




- Train An=lvt

fi-etrre Rince

Me no

vt

darnt tkRAT-TEXARRANA

icel Particulate Date
and Filter(s)

=

-——-— - - — - e -

Sample LocalionVENTUKI OUTLET  Density of Acetone ©.7899 g/ml <~
Samy ‘e ! Sampie E Liquid level at mark
type | identitiatle E and/or container sesaled -
Acetone © Vi : yes
Filter @ ver o yes
Acerone kizn Res_aug Cons. @0LOCT7 mgsg /// Lab #:X103055088
ROECINS v ane R ;j_—;;; ...............
Date & Time ot w: :;:;—;1_; PR i Berker Greoss Wt . :10z467 .4 mg’//
Late & Time o1t Wt.;jg;:;?—;:;;;g Beaker Gross Wt.:zéggé;—;-mpv”
----------------- Average Gross Wt.:zé;;g;-:-mg
Beaker Tare Wt.:16£;;;75~mgr”
lece acetone blank wt.: ;Té-me
Farticuiate Wt.: ;-;—mg
Faolrenr # Qlebs: LA B:siesessess
Dzve & Taime oF v, > 147w 2 110AM Filter Grosz Wt. 331.0 mg ~
Date & Time cf Wt.;;;;;;;-;?B;;; Filter Gross Wt.:—--éézti-mg,/”
-------------- Average Grogs Wt.:-~-55;T;-mg
Filter Tare Wt.'---égi-;-mg,/’
Weight or Particulate on Filter: 6?;-mg
weiont o1 Farticulate in Acetone Rinee:—~---;T;—mg
Total Wt. of Particulate: gjg-mg

Sigrnature 1

S1ENAaLUre Ll




|
m‘r"nc%“c%%"v“ mas
CORPORATION Labora'lory Data Cincinnati
Clont > D¢ (577777 waysis & Of) < '
PN: Date: 3 J/ g/ Method Number. V7. )/ 4 - DA
Extracted By: /)7 £/ 05D Checker. )@7‘,77 ;//// 7 '
. 1l ) 2 b S
gasene | 7. 85%and 2. 5sp~| 9 o l
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FU9idhsey:  ANALYTICAL
CORPORATION SEHVICES

CERTIFICATE OF ANALYSIS

ITAQS Cincinnati Date: April 29, 1991

Attn: Mr. Chuck Bruffey

Job Number 21341 P.O. Number 805625

Thie ies the Certificate of Analysis for the following samples:

Client Project ID: USATHAMA
Date Received: March S, 1991
Work Order: X1-04-146
Number cf Samples: 2

Sample Type: Water

I. 1Introduction

Two water samples arrived at ITAS Cincinnati on March §, 1991. The samples
were sent for analytical work in cupport of monitoring work on the USATHAMA
Project. The samples are labeled aes follows:

Water # 31
Water # 32

I1I. Analytical Results/Methodology
The analytical results for this report are presented by analytical test. Each set of
data will include sample identification information, the analytical results, and the

appropriate detection limits.

The analyses requested are listed on the following page.

Reviewed and Approved by:

Ty Srivang
=

TLmothy oward

Project Manager

104146

Amernicar Counal of Independent Laboratones
Internatenal Associgtion of Environmental Testing Laboratones
Amencan Association for Laboratory Accreditatior.

C-54
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Client: USATHAMA
Work Order: X1-0D4-146
10414601 IT ANALYTICAL SERVICES

CINCINNATI, OH

m_l

Analytical Resulits/Methodology (cunt.)

* Lead by Graphite Furnace Atomic Absorption;
EPA Method 7421

* Cadmium, Chromium and 2inc by Inductively
Coupled Piasma Spectroscopy; EPA Method 601

III. Quality Controil

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

of the samples it accompanies. All guantitations were performed from within the

calibrated range of the analytical instrument.




Client: USATHAMA
Work Order:. X1-04-14¢

10414603 IT ANALYTICAL SERVICES
CINCINNATI, OH

Analytical Results, mg/L

Client Sample 1D Water # 31 Water ¢ 32
Lab No. o8 ' 09
Detection
Analyte Limit
Cadmium 0.0602 ND 0.002
Chromium 0.03C 0.007 0.006
Lead 0.0041 0.0007 C.0007
Zinc 0.031 0.021 0.008
ND = Not detected above the reported detection limit
Quality Assurance Data
Quality Control
Standard Reference Solutions
Theoretical Percent
Analyte Value Recovery
Chromium 1 101
Lead 0.075 ) 96.5
Zinc 1 . 99.8
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APPENDIX D

SAMPLING AND ANALYTICAL PROCEDURES




SAMPLING AND ANALYTICAL PROCEDURES

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

° Determination of Particulate and Trace Metal Emissions

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

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

No mcdifications as written.




Title:

Date: __10/16/80

DETERMINATION OF TOTAL GASEOUS ORGANIC CONCENTRATION BY EPA
METHOD 25A

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

equipment and procedures.

Sampling Apparatus

The sampling apparatus is shown in Figure 25A-1. The system is set up and

operated in accordance with the guidelines in the operating manual for the total hydro- I

carbon monitor. In addition to the hydrocarbon anatyzer, the sampling system con-
sists of:

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

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

calibration gas.

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

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

* 40 CFR 60, Appendix A, July 1990.




GLASS WOOL
HEATABLE FILTER
3-WAY VALVE  (IF NEEDED)

“\\\\\\\\\\\\.‘\‘\\\\\\\\\\\\ C
PROBE | STAINLESS
i STEEL PROBE
i HEATED 1/4-in.
i SAMPLING LINE
CALIBRATION
GAS LINE
OPTIONAL 3-WAY VALVE
Avnansasseand Y FOR ALTERNATING 1/4-in. TEFLON
l BETWEEN TWO SOURCES CAL'E“:\ET'ON
BECK:;ASN 402 GHART
! RECORDER
FUEL GAS AR
(40% H2/60% N2)

[ STAINLESS STEEL TEE,
ONE LEG OPEN TO ATMOSPHERE

P\

Al

HIGH MID LOW  ZERO
GAS

METHANE STANDARDS AND ZERO

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

Fuet' and Air - A cylinder of 40 percent hydrogen/60 percent nitrogen and a
cylimder of compressed air to provide fuel and an air supply for the anatyzer's

flame.

Chart Recorder - A Heath strip-chart recorder or equivalent is used to provide a

permamanent record of hydrocarbon concentration data.

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

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

Response time (0 to 89%): Less than 1 s for oven temperature of 200°F
Less than 1.5 s for oven temperature of 400°F

Electtricity stability: + 1 percent of full scale per 24 hours, with
ambient temperature change of less than
10°F

Regeroducibility: =1 percent of full scale for successive

identical samples
Outpout: Selectanle from 10 mV, 100 mV, or 1V.

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




TABLE 25A-1. MONITOR RESPONSE FOR VARIOUS MOLECULAR STRUCTURES

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

Monitor Setup snd Calibration

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

Once the monitor is calibrated, a system integrity check is performed. Zero
nitrogen and one of the methane standards are sampled through the sample probes
and lines to make sure that the sampling system is not diluting or contaminating the
samples. A stainless ste2l tee with a leg left open to the atmosphere is placed on the
end of the probe during this step so that calibration gases being sent from the
cylinders do not pressurize the sampling system.

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




Sampling Procedures

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

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

When sampling is completed, a calibration drift check is performed on the moni-
tor by introducing the zero and mid-level calibration gas to the monitor. |f the cali-
bration drifts for the gases do not exceed 2 percent of span, the pretest calibration
curve is used to report sample results. If the calibration drift for either gas exceeds 2
percent, the monitor is recalibrated and both sets of calibration data are used in

reporting the resuits.

D-7




Title: __ PMM
Date: 4/17/91

DETERMINATION OF PARTICULATE AND METAL EMISSIONS

Sampling for filterable particulate matter and total metals (particuiate and gase-
ous) emissions was conducted in accordance witih the Methodology for the Determing-
tion of Tr Metal Emissions in_Exhaust From ion r mbuystion
Processes.* This is the same procedure as that in Subsection 3.1 of the Methods
Manuyal for Compliance with BIF Regulations.** The particulate determination in this
method is consistent with EPA Method 5.***

Sampling Apparatus

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

Nozzle - Borosilicate glass with an accurately measured round opening.

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

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

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

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

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

* EPA Draft Protocol, July 1988.
** EPA/530-SW-91-010, December 1990.
*** 40 CFR 60, Appendix A, July 1890.

D-8




Title: __PMM
Date: 4/17/s

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

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

flask.

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

pump is made by Gast.

Barometer - Aneroid tube type to measure atmospheric pressures to
+2.5 mmHg (0.1 in.HQ).

Sampling Procedure

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

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

The pitot tube and lines are leak-checked at the test site prior to and at the
conclusion of each test run. This check is made by blowing into the impact opening
of the pitot tube until 3 or more inches of water is recorded on the manometer and
then capping the impact opening and holding it for 15 seconds to ensure that it is leak
free. The static-pressure side of the pitot tube is leak-checked by the same proce-
dure, except suction is used to obtain the 3-in.H,O0 manometer reading.

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

D-9
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Date. _4/17/91
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Title: _PMM__
Date: 4/17/01

train data are recorded at each sampling point. Sampling rates are determined with
the aid of a programmable calculator, and all samp:.:. data are recorded on the Emis-

sion Testing Field Data Sheet.

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

carefully transported to the cleanup area.

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

follows:

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

Container No. 2 - The fiiter holder, probe, and nozzle are rinsed with acetone to
recover particulate. A nylon brush is used to remove particulate. The rinse is

recovered in a glass jar.

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

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

marked.

Container No. 4 - The contents of the third and fourth impingers and an acidi-
fied potassium permanganate rinse are placed in an amber glass container.
The container is sealed and labeled, and the liquid level is marked.

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

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

D-11



Title: __ PMM
Date: 4/17/91
Fiher Probe Liner Fitter Holder and Impingers Last
Nozzle Impingers 1 & 2 3&4 impinger
Brush & Rinse
Acetone
Conlainer #2
S Glass
J Bottle v 1 j
Remove Filter with Rinse With Measure impinger Measure Impinger Welgh
Teflon Coated 0.1 N HNO3 Centents Contents Silica Gel
Tweezers and
Place in Petri Dish 1
Recover Conlents Recover Contents _
and Rinse With and Rinse Whh Discard
0.1 N HNO3 4% KMNOV10%HZS04
Container #1 Container #3 Container #4
Plastic Polyethylene Amber Glass
Petri Dish Bottie Bottie

Figure PMM-2. Multimetals train recovery procedures.
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Title: __ PMM
Date: 4/17/91

2) Reagent blank - A sample of each reagent used is taken and analyzed
either separately or by combining them in the same proportion as that
used for samples.

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

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

Sample Preparation and Analysis, Particulate

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

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

Sample Preparation and Analysis, Metals

Container Nos. 1 and 2 - The filter with its filter catch and the acetone residue
are divided into portions containing approximately 0.5 g each and placed into
the analyst's choice of either individual microwave pressure-relief vessels or
Parr® Bombs. Six mL of concentrated nitric acid arid 4 mL of concentrated
hydrofiuoric acid are added to each vessel. For microwave heating, the sample
vessels are microwaved for approximately 12 to 15 minutes (in intervals of 1 10
2 minutes) at 600 Watts. For conventional heating, the Parr Bombs are heated
at 140°C (285°F) for 6 hours. The samples are then cooled to room tempera-
ture and combined with the acid-digested probe rinse.

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

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

) 10 mL of 3 percent hydrogen peroxide is added, and the solution
is heated for an additional 10 minutes.
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CONTAINER 1 CONTAINER 2 HNgS’: Tg’lNE’? 3 CONTAINER 4
Filter Acetone Rinse anfj Rmrnsgzngers —MNOUHSO' Impingersi
Desiccate and Evaporate, desiccate,| |Acidify sample to pH 2 Digest with acid and
weighto 0 1 mg weighto 0.1 mg with Conc. HNO3 permanganate at 95°C
for 2 hours and
] analyze for Hg by
CVAA
Reduce volume to
near dryness and
digest with HNO3
and H20:2
Divideinto 0.5 g
sections and digest
each section with
Conc. HF and HN™
using pressure re
microwave digesuon
procedure (or Parr
Bomb) j
Fitter and ditute to
known volume . . .
Remove 50 10 100 m! 03:::‘:“'2’8:2"‘::"“’
aliquot for Hg .
; 85°C in a water bath
analysis by CVAA for 2 hours
iy reie s ot o
S or als W by CVAA

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

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

The filtered solution is then divided into three fractions. The first fraction is an-
alyzed by inductively coupled argon plasma emission spectroscopy (ICAP) in
accordance with EPA Method 200.7 (40 CFR 1386, Appendix C) which is the
same as Method 6010 from SW 846.* The second fraction is analyzed by
graphite furnace atomic absorption spectroscopy (AAS). The third fraction is
then digested and analyzed for mercury by cold vapor atomic absorption
(CVAA) spectroscopy.

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

Normal procedure Optional slternate procedure
NoTiral detec- Nominal detec-
Metel Method No . * tion 1ymit, ug Method No.* fion Vimit, pa
Antimony ICAP 62:¢ ac AA 7041 2
Arsenic AA 70€° 0.3 - - -
Baryu~ 1Car 6C1¢ 0.9 - - -
Berylliym [CAP €0 C C.7 -
Cadmium ICAP 6Cic 1 - - -
Chres:um 1CAP 6Cid 3 - - -
Copper - - - 1CAP 6010 3
Lead AA 742 0.4 1CAP 6010 60
Nicke) - - - 1CAP 6010 10
Manganese - - 1CAP 601¢ !
Mercury AA 7475 0.2 - - -
Selenium - - - M 7740 0.5
Silver AA 1761 0.1 - - -
Thallrum 1CAP 6010 120 M 784} 0.7
linc - - - 1CAP 60)0 4

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

* Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, SW 846,

Third Edition, September 1988.
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solution is added and mixed with the sample. Then 7 mL of stannous chloride

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

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

All of the equipment used is calibrated in accordance with the procedures out-

lined in the Quality Assyrance Handbook for Air Pollution Measurement Systems, Vol-

ume lIl.° The following pages describe these procedures and include the data sheets.

"EPA 600/4-77-027b.




Nozzle Diameter

Each nozzle used in these tests is calibrated by making three separate mea-
'surements and calculating the average. If a deviation of more than 0.004 inch is found
ibetween any two measurements, the nozzle is ether discarded or reamed out and

remeasured. A micrometer is used for measuring. These calibration data are shown
in the following Nozzle Calibration data sheet(s).




NOZZLE CALIBRATION

Date /-ols -7/ Calibrated byé Zé&51/
Nozzle(é@ i
identification D,, in. D,, in. D., in. AD, in. D
number 1 2 3 avg
vutlf ~— ——| 257 252 25 | s |.2%2
. .00/
M7 e
(SS) (3-109) 73 19f . 193 .00 3 1Y
Taeer - /72 ‘. /70 \/7/ .002 ‘n,
A3
where:
Dl 23, = nozzle diameter measured on a different diameter, in.
rer Tolerance = measure within 0.001 in.
AD = maximum difference in any two measurements, in.
Tolerance = 0.004 in.
Davg = average of Dl' Dz, and D3.

Nozzle calibration data.
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Pitot Tube Calibratizon

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

during the test program.

*40 CFR 60, Appendix A, July 1989.
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TRANSVERSE

Tust A“SX

LONGITUDINAL

1 |- -

L-— FACE
OPENING =™

PLANES '

(a) ENDVIEW

A-SIDE PLANE

TuBE AXIS 0,

4
Tt

0.48 cm < Dt < 0.95 em
(3/16 1n.) (3/8 in.)

8-SIDE PLANE
(b)
& - . N
Aor8 v
(¢)

Froperly constructed Type S pitot tubes shown in: (a) end view, face opening
planes perpendicular to transverse axis; (b) top view, face opening planes parallel to
longitudinal axis; (c) side view, both legs of equal length and centerlines coincident
when viewed from both sides. Baseline coefficient values of 0.84 may be assigned to

pitot tut 9s constructed this way.
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TRANSVERSE

TUBE AKIS _ o ». B\
" . e - ]

) (a) ]

| (b)
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N =
() 8. (6) \m
- /S\\&(+ or -)
L

(e)

It
'—&' - Q i
A
" ®
o
..Ag:‘:—‘;’—-’ -";:J’ :TH_
T

Types of face-opening misalignment that can result from field use or improper
construction of Type S pitot iubes. These will not affect Cp as long as a, and a, are
<10°, B, and B, are <5°, zis <0.32 (1/8in.), and wis <0.08 cm (1/32 in.).
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TT St

PITOT TUBE INSPECTION DATA SHEEY

Pitot Tube No. 50/ - 2~ Date J2-& -9~ Inspector T tlauair
o a? B1 B2
degrees degrees degrees degrees
C 2 ! L
<10° <10° <5° <5°
D, P 1.05 Dy 1.50 D,
inches inches inches inches
0.185 < Py <0.380 - - -
Y ¢ Psin(Y) Psin(®)
degrees degrees inches inches
/ / .0)?Y O 12
- - <0.125 <0.03125
P4 P2 |Py - Pyl Meet
inches inches inches specifications
| /509 S04 00 e
1.05 Dy <P4 <1.50 Dy | 1.05 Dy <P2 <1.50 Dy <0.010

Lower line in each table is limits for meeting specifications.

Checked by _(k)/g
E-8
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oN
PITOT TUBE INSPECTION DATA SHEET l
Pitot Tube No. {40 -2’ Date 42.,2 5n  Inspector __ 3 dluscinic l
aq a2 B4 B2 .
degrees degrees degrees degrees
) o) / O '
<10° <10° <5° <5° '
D, P 1.05 Dy 1.50 D,
inches inches inches inches '
L3758 95 3949 . $63
0.185 < Py <0.380 - - - .
Y ¢ Psin(y) Psin(¢) '
degrees degrees inches inches
2 / 099 017 I
- - <0.125 <0.03125 '
P P2 Py - Po| Meet
inches inches inches specifications '
457 . YSY WYy, ed
1.05 Dy <P <1.50 Dy | 1.05 Dy <P2 <1.50 D, $0.010 I
Lower line in each table is limits for meeting specifications. .
Checked by %’\ Date [&Z{ZZ@Q '
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PITOT TUBE INSPECTION DATA SHEET

Pitot Tube No. /(2 -3’  Date 42 -4-Sp

inspector T, 7 )i .0

a9 a2 B4 B2
degrees degrees degrees degrees
Qo 0 o, Qo
<10° <10° <5° <5°
Dy P 1.05 D 150 Dy
inches inches inches inches
329 K22 292 £ SE!
0.185 < P; <0.380 - - -
Y ¢ Psin(Y) Psin(®)
degrees degrees inches inches
2 ) QRS Q7
- - <0.125 <0.03125
P P2 Py - Pg| Meet
inches inches inches specifications
0413 (91 Qo1 v
1.05 Dy <P1 <1.50 Dy | 1.05 Dy <P2 <1.50 Dy <€0.010

Lower line in each table is limits for meeting specifications.

Checked by _gy\
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Dry Gas Meter and Oritice Metar

The following page sho:vs the Calibration Setup used for the initial and post-tes.
calibration. A wet-test meter with a 2-cubic-feet-per-minute capacity and +1 percent
accuracy is used. The puinp is run for approximately 15 minutes at an orifice
manometer setting of 0.5 in.HQO to heat up the pump and wet the interior surface of
the wet-test meter. The infcrmation in the following example Calibration Data Sheet is
gathered for the initial calibration, the ratio of accuracy of the wet-test meter to the dry-

test meter and the AH@ are then calculated.
Post-Tast Meter Calibration Check

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

The Particule'e Sampling Meter Box Initial Calibration and Post-Test Calibration
data sheets are included in the foliowing pages.

' 40 CFR 0, Appt. i A, July 197




| |
METER BCX
GLASS TUBE
THERMOMETER
U-TUBE
MANOMETER
[ N NN
N\
ws:ucu/\ msssu:E\ WET TEST METER
CONTROL
VALVE
Calibration setup.
DATE WMETER BOX NO,
BAROMETRIC PRESSURE. P p e nHg DAY GAS METERNO
ORFICE GAS VOLUME | GAS VOLUME ORY GAS METER
MANOMETER WET TEST ORY GAS  |WETTEST
SETTNG METER METER METER | INLET | OUTLET | AVERAGE | T
aM Vi Vg Tw. . G- lg. e
nH,0 fn, 1y ¥ * ¥ ¥ m | Y aHD
0s s
10 5
15 10
4
2C 10
¢ 1w
4C 10
AVERAGE
Y )
" Yo Py (1g » @0) 0.0017 gH 0 s @D
| TT Ve ﬁ*ﬁ'r)«.oO) Polig « 40 Vo
0s [ oo
10 §oom?
1.8 0110
20 0147
<201 0221
40 0294
Y o fado of accurecy of wel st metar B cry sl Meler. Talsrmnes o £ 0.01
AHgp « Onfice of pressure dfisrental hat gwes 0 75 cim ol ez ol 70° F ang 20.82 inch s of
mercwy. nHg ) Tolerance e £ 015
Calibration data sheet.
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Stack Thermocouples

Each thermocouple is calibrated by comparing it with an ASTM-3F thermometer
at approximately 32°F, ambient temperature, 100°F, and 500°F. The thermocouple
read within 1.5 percent of the reference thermometer throughout the entire range when
expressed in degrees Rankine. The thermocouples may be checked at ambient
temperature at the test site to verify the calibration. Calibration da:a are included in

“the following Thermocouple Calibration Data Sheet(s).




Tt

THERMOCOUPLE CALIBRATION DATA SHEET

Date: _ J2/2¢79A Thermocouple No: _.3 72/
Calibrator: _ /2. % Reference: As[r?-3F
Range: _ o'
Reference
thermometer | Thermocouple
Reference temperature temperature Ditference
point no. Source’ °F °F %"
! 2 70 _6S .3
2 ! 3y 37 3¢
3 3 2)0 202 .30
4 4 9498 495 .33
* Source: 1) lce bath
2) Ambient
3) Water bath
4) Oil bath

** Pearcent difference.

“B- B x100%
(-]
(Reference temp. °R)

where °R = °F + 460

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

Checked by ‘% Date Z#'Z.ellﬂz




Digital Indicators for Thermocouple Readout

A digital indicator is calibrated by feeding a series of millivolt signals to the input
and comparing the indicator reading with the reading the signal should have gene-
rated. Error did not exceed 0.5 percent when the temperatures were expressed in
degrees Rankine. Calibration data are included in the following Thermocouple Digital

Indicator Calibration Data Sheet(s).
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TERrFTIOUILE DICITAL IKLIZATOR
CALIEFASION DATA SHEQY

/Q iQ-_ INLICRTIOF KO ),-[: L
07 iFATCR: %

SERIAL KO: 3

CALISRATICN LEYICE ND: MN.;FAC!LP‘P

T BQUINALENT ¢ DIGITAL INDICATOE
1887 PCIL’ MILLIVELT ¢ TERAEDIRE, 0 TEX7 Lk TURE READING,
KD SICwL de; fFood deg. F
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Percent d1ffereaze sust be fess than of equal to 0.58

Pe:cirt difieresce:

(Equivaler! tespazature, deg. R - Digital (nd cator Lesperature, deg. 8)(1001)

(Eq:ivalent ua;ual'z}c. dez. b

Vhere, de;. Rt Geg. F o B0




TT ety

RIGITAL INCICATQR CALIBBRATION
RATA_ SHEET
DATE: ___ [/ -31—9/ INDICATOR: ___ £ T -4
OPERATOR: __ T 14//1Kih0G
-
Equivalent Digital Indicator
Test Point Temperature, °F | Temperature, °F |Diflerence,*
Number Te Tdi %
1 0 _
1 022
2 100
74 3
3 200
/22 e
4 300
298 2 |
5 400
396 47
6 500
477 e 3
7 1000
99 .34
8 1300
L2723 o X0
9 1600
1592 .37
10 1900
1229 e 47

*PERCCNT DIFFERENCE MUST BE LESS THAN OR EQUAL TO 0.5%

(16"R=T . R)(100)
T R

/
Checked Byv%_’l____ Date 7/&4@

% DIFFERENCE =

Where, °R = °F + 460
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T RrTOURLE DICITAL IKLIZATOR
CALIERATICH PATA SHEDT

Iasi: - INLICATOF KNG :
3 -
310 ET-H
(R [A//A SEPIAL KO:
CALISFRTICN LivICE N 3 RANUFACTLRER. &/‘1[@4
: ¢ BQUIvALEST 1 DIGITAL INDICATOR Z.
TEST FOURTD AILLIVOLT o TERFE20Y0ki, & YESFLzsTURD ROADING, & DIFFERINCE
Kt SitseLl ceg. F° 0 deg. F : 4
| 0.632 H 0 : - H
- v ee o atovsacrtonn ..-:-.--.-4.-(------0-----:-‘33 ------
2 1.8 : 162 H ‘7? H '?
K d.81¢ : 200 : 200 :
¢ £.05: H 300 H 300 .
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Percent @1ffereaze sust we less than of equal (o 0,51

Pe:cert dillesecze:

(Equivaler! teopezature, deg. B < Digital Ind zator tesperature, deg. R1(4001)

................... R I R R L L T T R R Ry A S

(E3ivalent u:;::al-iu. deg. 0

Vheoe, de;. B o deg. F ¢ 450




Dry Gas Thermocoupies and Impinger Thermocouples

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




URY GAS THERNOCQUPLE
CALISRATION DATA SHEET

Trermecoupic No:

FT- 3+

et n b /90
/

foratuor

-
-

Fzierenze:

Asfea - 3F

LNLET
reference Feference
voint Source’ therroneter Thermocouple
No. temperature temperature Lifference
deg. F deg. F deg. F'°'
. \
‘ ‘ 7/ 20 ) -
: 2 33 39 !
3 3
3¢ 37 2
GUTLET
fet2rence Feterence
point Scusze!’ thermometer Thermocouple
lio . tenperatuse tempersture l'ifierence
veg. F deg. F deg. F'°
1 1

2/

i

0

33

29

/

/36

[J7

P g

r s -,

Totn oiints




DRY GAS THERKOSQuPLZ
CALIERATION Da7A SHEET

[

meference reterence
voint Source’ thermonete: Thermocoupie
Ne . tenperature temperature UDifference
deg. F dev. F deg. F'°!
: : 65 A l
- 2
23 22 Q
~ 2 200 Zol [
CUTLET
fererence Feference
pring Ssurce! thermomster | Thermcecouple
Fic . tenperatul e 1enceralure tifrerence
ceg. deg., F geyg. F'°

)
: : 33 33 o

DO broiey
- L LT
wrtEr SR
-z B " = - v H ;- |4 e e .p
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LY CAZ TRERNOTOUPLE
CALIZRATIGH Daja SYUFET

TrEraccoUn) s Mo

Feteroncc:

r 71
AsTr-3-F

=cference

relerence

coint ) therronete: Thermocoupie
Ne . tenrerature temperature Ditference
deg. F deg. F ceg. F*'
: A s ]
: 2 3¢ 34 o)
> 156 1<4 6
CuTes”

1
O
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relecrence
th&rmonster
teElperati s

ceg., F

Theemcoovyie
tencereIure

deg. F

Difrerence

dey. F'°

: LL £ !
. _3& 23 )

)56
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I J:te

IMPINGER THERMOCOUPLE CALIBRATION DATA SHEET

Date: /Q,//L//?(l Thermocouple No: ___Z ~,3)
Calibrator: _7 fftﬁ rhca QL Reference: _ 4974 -~ 3F
C
Relerence
thermometer | Thermocouple
Reference temperalture temperature Ditference
point no. Source’ °F °F oF**
! ! 70 2/ /
2 2 34 34 Q

* Source: 1) Ambient
2) Ice bath

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

Checked by C}M Date /1’ mgQ
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IMPINGER THERMOCOUPLE CALIBRATION DATA SHEET

Date: | l/ﬁ{/?ﬁ Thermocouple No: -5
Calibrator: / Yﬁrém%ﬁ/y Reference: _ASTM -3 F
J
Reference
thermometer | Thermocouple
Reference temperature temperature Difierence
point no. Source’ °F °F of**
1 1 70 70 o
2 2 3 2 3 /

* Source: 1) Ambient
2) lce bath

** Difference must be less than 2°F at both points.

Checked by 4}1 Date /2 zl'f g%




IT ]S

IMPINGER THERMOCOUPLE CALIBRATION DATA SHEET

Date: Thermocouple No: I - 72

1Q-26 ~90

Calibrator: __ 7. f'égdzm“fsl, Reference: A S 7 A — 34

Reference
thermometer | Thermocouple
Reference temperature temperature Difference
point no. Source’ °F °F °F*
1 1 67 69 0
I
2 2 25 34 /

* Source: 1) Ambient
2) lce bath

** Difference must be less than 2°F at both points.

%{pr Date f?’ﬂ%m _

Checked by




Trip Balance

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

Mass determined for

Balance
No. Date Calibrator 59 | Error | 509 | Error | 100 g| Error

#q \offio| BT Graves 5.3 1oz |53 |03 |w3]02

4206 |i¥ufa\BI Graves go |00 |s00 {00 |01 |o|

H21 Yi3fiyse| BT Graves sl ot |501 |ot |jewiloi

Y72 \3fufor| BT Grets ¢l lot (ol o1 leeilo.i

Y14 12//9/?0 B3 Gruvts 5.0 |00 |so. 0| (leo? oo

,r Mf'ﬂ/{,f /‘]//,-/{, is3 Grea s Seo (oo 500 100 lwoloo

Error must not exceed 0.5 grams at each point.
X-used @ KRAD .

Checked by @7 Date [;{/ﬂ/QQ
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189 ligfufe | BT Craves 50 |00 500 |oo |woofeo | |
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Barometer

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




BAROMETER CALIBRATION LOG

=
B8

/

.
AROMETER

. 711 £LO. il /@_;&;d%g

3 % R YA Y117 T ¢
. 784 ca_ rw
PRETEST pivimen Cam 332015 i
BAROMETER | - ,
READING |26 56”199, 04 |34.76 12944 | ¥ 295 | 2525
REFERENCE |
BAROMETER :
READINS 139,67 129.07 | A-T3 129,44 | 3ot 3509 | 3524
DIFFERENCE | o 0 00 | Car” | o2 (9.0 L0
DATE ‘4({11 2030 2/telyr |2/19/50 OJfac| I 3
CALIBRATOR | Y 1Y, Keetb) K
POST-TEST
'—T-——_—P—-

BAROMETER ) s -
READING 2054 | 29,45 1|25 .54 |29 4y A5t
REFERENCE
BAROMETER
READING | 99,51 1.29.511 29 2/ |29,90 25 /L,
DIFFERENCE**| 22 | oo | H.n3 | Lol 2
DATE Qr/arp/%,v/ Alq 1222 13-04 ey
caterator | STC| 57D | BED |SW L

*Barometer is adjusted so that difference does not exceed 0.05 in. Hg.

**Barometer is not adjusted.

manager immediately.
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