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SECTION I

INTRODUCTION

OBJECTIVE

The objective of this effort was to determine if contaminated fuel cell

polyurethane foam is a hazardous waste, to survey and evaluate possible
methods/processes of waste disposal for scrap (uncontaminated) and contami-
nated foam, and to conduct a full-scale test of the recommended disposal
method/process.

BACKGROUND

The Air Force installs five types of flexible polyurethane foams in fuel
cells (three types of fuel cells referred to here are Integral, bladder, and
external pod) of C-130, F-15, F-4, A-10, and helicopter aircraft. The foams
differ in the type of polyol they contain (polyester or polyether) and in
pore size. The various types are distinguishable by color. Foams are used in
aircraft fuel cells to suppress explosions, arrest flames, attenuate fuel
sloshing, and as a barrier to foreign objects (Reference 1). Antistatic
formulations are designed to dissipate static electrical charges. The open-
cell (reticulated) foams reduce the volume available to fuel by 2.5 to 3.0
percent.

The original Type I foam (orange) is a polyester-based, coarse-pore poly-
mer, first installed in 1965. In 1970, lower-density Type II (yellow, coarse-
pore) and Type III (red, fine-pore) polyester polyurethane foams were
developed. In 1974, Type IV (dark blue, coarse-pore) and Type V (light blue,
fine-pore) polyether polyurethane foams were introduced. The polyether formia-

6.1 tions are stated to offer better hydrolytic stability and increased service
) life compared to polyester polyurethanes. Hydrolytic stability is of great

importance for materials used in fuel cells, where conditions of high heat and
humidity often exist. The introduction of a new foam has usually resulted in
replacement of the older foam type and, thus, an increase in the amount of
waste generated. Now types of foam are under development. Table 1 contains a
short list of typical or nominal properties for fuel cell polyurethane foams.
A more detailed compilation of foam properties is presented in Section II of
this report (References 2 and 3).



TABLE 1. TYPES OF POLYURETHANE FUEL CELL FOAM.a

Densitx, Pore size,
Type Polyol Color lb/ft pores/Inch

I Polyester Orange 1.8 10
II Polyester Yellow 1.3 15

III Polyester Red 1.3 25
IV Polyether Dark blue 1.3 15

V Polyether Light blue 1.3 25

aAll foams are manufactured by SCOTFOAM

Corporation, Eddystone, Pennsylvania, who supplied
this information.

Waste foam can either be clean scrap or contaminated with jet fuel and

purge fluid. Clean foam scrap is generated when the foam is cut to fit the
interior of fuel cells. Contaminated foam results from regular aircraft main-

tenance. Foam deteriorates in the fuel cells and must be replaced every 3 to

5 years. Installing the newer types of foams will also generate contaminated

foam.

The foam is purchased in sheets, some common sizes being 8 by 40 by

84 inches and 12 by 44 by 110 inches. Cutting is done in various locations,

sometimes by contractors. Every Air Force base which installs or replaces

foam may do some cutting; however, the foam is usually available already cut

in kit form from a designated major foam-cutting facility, such as Warner-

Robins Air Logistics Center (ALC). The cutting process results in 30 to 35

percent scrap.

The waste foam generated during aircraft maintenance is removed according
to the following orocedure. Before removing foam from a fuel cell, the cell

is purged with purge fluid (a high flashpoint paraffin). This raises the

flashpoint of the fluid within the cell. This operation results in a sizable

fraction of the turbine iuel being replaced with purge fluid. The foam waste
resulting from replacement is contaminated with both jet fuel and purge fluid.
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The presence of hydrocarbon fluids causes the contaminated foams to be

potentially classifiable as a hazardous waste. Also, because of their bulk,

both contaminated and uncontaminated foams present a solid waste disposal

problem. Currently, Sacramento ALC classifies and handles its contaminated

foam as a hazardous waste, while Warner-Robins ALC and Ogden ALC classify and

handle it as nonhazardous. These latter two ALCs dispose of both contaminated

and uncontaminated foam wastes in local sanitary landfills. Due to expected

increases in foam wastes and to environmental regulations, landfilling is now

or will soon be impractical or unacceptable. New methods of disposal must be

found (Reference 4).

SCOPE/APPROACH

The scope and technical requirements of this task involved contacting

several bases to determine the extent of the waste problem, classifying the

waste, conducting a survey to locate all possible disposal/recycling methods

that could alleviate/solve this problem, and testing a practical solution.

Samples of contaminated foam were taken from aircraft fuel cells at

1. Warner-Robins ALC at Robins Air Force Base (AFB), Georgia; Ogden ALC at Hill

AFB, Utah; and Sacramento ALC at McClellan AFB, California (Reference 5).

Personnel were contacted at three Tactical Air Command (TAC) bases. Myrtle

Beach AFB, South Carolina; Luke AFB, Arizona; George AFB, California; and one

Military Airlift Command (MAC) base, Little Rock AFB, Arkansas (Refertace 6).

All applicable federal, state, and local regulations were reviewed, and labo-

ratory testing was conducted on the samples to determine if waste foam should

be classified as a hazardous waste.

A technology survey and literature review were conducted to identify

potential disposal and resource recovery m"thods that could apply to the waste

problem (Reference 7). Methods which would alleviate the waste problem were

evaluated. Incineration was chosen as the preferred disposal method.

Full-scale tests were conducted to determine the feasibility of

incinerating the waste foam. These tests proved favorable. Specifications

for incineration systems were formulated for each installation studied.

3



SECTION II

INITIAL SURVEY AND HAZARDOUS WASTE CLASSIFICATION

ONSITE INSPECTIONS OF WASTE GENERATION

This section contains information obtained by the authors, both firsthand

and from Air Force base personnel, during visits to Warner-Robins ALC, Ogden

'1ALC, and Sacramento ALC.

* Warner Robins Air Logistics-Center

Warner-Robins ALC, located at Robins AFB in Warner Robins, Georgia, was

visited 9 July 1984. This ALC is responsible for maintenance of C-141, C-130,

F-IS, and helicopter aircraft. Foam is installed in all but the C-141 air-

craft; however, very few helicopters have undergone foam installations at

Warner Robins, and no such installations were in progress during the visit.

According to Warner Robins ALC personnel, installations and/or replacement of

foam in C-130 and F-15 aircraft are also being performed at San Antonio ALC;

Hayes Aircraft Company, Birmingham, Alabama (installation only); Aero Corpora-

V tion in Lake City, Florida; and in Korea, Italy, and Japan (Yokota AFB).S C-130 Aircraft
C.-130 aircraft contain both integral (wing) tanks and external pod

tanks. The tank capacity varies depending on the specific model (C-130-A, -B,

-E, -H, -N, -P; Reference 8). According to ALC personnel, the average C-130

aircraft has 1500 pieces of cut foam, totaling about 1600 ft 3. The foam

volume increases to 1800 ft3 when extra tanks (right and left exterior) are

installed. Because of its large fuel tank volume, maintenance of the C-130 is

the largest single source of both new and used fuel cell foam waste in the Air

Force. According to Warner Robins personnel, about half of the Air Force's

C-130 aircraft were fitted with foam, and work was in progress to fit those

remaining. As shown in Table 2, a complete change of foam in a C-130 aircraft

with auxiliary tanks results in the generation of 2044 pounds of waste foam

(net weight) which could contain as much as 1926 pounds (296 gallons) of

fluid, as approximated from the JP-4 fuel retention of 2.5 percent for Type IV

foam (Table 2). Thi: figure is based on JP-4 rather than on purge fluid,

4



TABLE 2. FUEL/FOAM VOLUMES AND WEIGHTS FOR C-130 AIRCRAFT.a

Maximum Fuel displaced/
Total volume Air space fuel capacity retained by foam
without foam, with foam, with foam, (2.5% maximum), Foam,

Tankb gallons gallons gallons (pounds) gallons (pounds) pounds

1 1392 41 1320 (8580) 30 (195) 206

2 1278 37 1213 (7885) 27 (176) 189

3 1278 37 1213 (7885) 27 (176) 189

4 1392 41 1320 (8580) 30 (195) 206

L.Aux. 938 27 890 (5785) 20 (130) 139

R.Aux. 938 27 890 (5785) 20 (130) 139

L.Ext. 1442 41 1369 (8899) 31 (202) 213

R.Ext. 1442 41 1369 (8899) 31 (202) 213

R.Fus. 1856 55 1760 (11440) 40 (260) 275
L.Fus. 1856 55 1760 (11440) 40 (260) 275

Total 13812 402 13104 (85178) 296 (1926) 2044

aTechnical Order 1C-130(H)H-2-6, "Fuel Systems Maintenance Manual."
bThe specific tanks used depend on model.

although it is likely that purge fluid is retained to the same extent. The

actual amount of fluid retained in contaminated foam depends greatly on how

the foam is handled during and following removal from a fuel cell. Fluid

retention in the foam samples actually obtained at the three ALCs is discussed

later in this section.

At present, the C-130 uses dark blue foam everywhere except at fuel

entry points, where yellow foam is used. The foam is held in place only by

contact with other pieces of foam, tank walls, and baffles within the tanks.

With the exception of component voids for clearance with pumps, fuel level

probes, and fuel inlets, the foam fills the entire interior of the tank.
Sealants are present but these do not appear to contact with the foam,
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though they do contact the fuel. At Warner-Robins ALC, during the sample

collection, a number of C-130 aircraft were undergoing foam replacement out-
side of hangers while parked on the flightline. New foam was brought to this

area in cardboard boxes. The foam inside the boxes came wrapped in black

polyethylene. According to maintenance personnel, polyethylene wrapping of

new foam is necessary to prevent rapid degradation by sunlight. The used foam
is placed in clear, pink polyethylene bags (said to have antistatic properties

to prevent ignition of foam) before being placed in a 20-yd3 capacity dump-

ster. Two to three dumpsters full of contaminated foam waste from C-130 air-

craft leave the flight line each week for disposal.

F-15 Aircraft

The F-15 uses much less foam than the C-130. The F.15 had been

using red foam in the fuselage tanks and light blue foam in the wing tanks,
but there has been a change to yellow foam in the fuselage tanks. At Warner-

Robins ALC, the replacement of red foam by yellow is being performed in a

hanger rather than outside, in contrast to the C-130 aircraft operation. The
F-15 contains foam which is glued in place with 3M fuel-resistant coating

(flash point 60*F) containing methyl isobutyl ketone and ethanol. A solvent

is used to remove the cement during foam removal; however, there are com-

plaints that even with a solvent, foam removal is very difficult and shredding

often occurs. Occasionally cement adheres to the discarded foam. The con-

taminated foam is bagged and placed in a dumpster for disposal.

Foam-Cutting Operation

"Warner-Robins ALC operates a massive foam-cutting operation, both to

supply its own needs (primarily for C-130 aircraft) and to supply other
installation facilities with foam kits. At the time of the visit, the cutting

was in operation three shifts, 6 days a week; however, plans were being made

at that time to go to a 7-day schedule to meet the foam requirements, with 20

additional workers to be added to the facility.

The foam is marked, using templates as guides, and individual pieces

are cut using shop equipment (usually band saws) or hand-held knives. Some

comments were made about static electricity accumulation during the cutting

6



operations. Each piece is individually numbered for installation in the

appropriate position in a fuel cell. The shop foreman estimates a 35 percent
scrap loss in the cutting operation. The scrap is placed in black poly-

ethylene bags (for ease of handling) and placed in a 40-yd3 dumpster for

disposal.

Generation and Disposal of Waste Foam

The Civil Engineering Department at Warner-Robins ALC reported the

waste quantities given in Table 3 for the month of May 1984. All foam is

taken to the Houston County landfill for disposal. A trip to the landfill

showed that foam constituted a major part of the waste at the site. Although
the foam had been placed in polyethylene bags for disposal (both new scrap

and used contaminated foam), few of the bags were intact at the landfill site.

This apparently was caused by the use of heavy machinery for waste burial.

TABLE 3. WASTE FOAM GENERATED AT WARNER-ROBINS ALC IN MAY 1984.

Building no. Source Comment. Total volume

310 Scrap from cutting 53 pickups of a 2120 yd3

40-yd 3 container

110 Used C-130 foam 12 pickups of a 240 yd3
20-yd 3 container

149 Used F-15 foam 12 pickups of an 96 yd3

8-yd3 container

137 Used foam, 8 pickups of an 64 yd3

uncertain source 8-yd3 container

aAverage weight per load, 800 pounds; disposal cost, $8000 not

including landfill fee.

The county landfill is rapidly running out of space, and a new

location must be found. Robins AFB is a heavy user of the landfill. In

particular, the polyurethane foam is a severe problem since it tends to float

to the surface and blow about. No dump fires have been reported.

Ogden Air Logistics Center

Ogden ALC at Hill AFB, Ogden, Utah, was visited on 8 July 1984, resulting

in the following observations.

7



F-4 Aircraft

F-4 aircraft are the only aircraft serviced by Ogden ALC that have

polyurethane fuel cell foam. No new F-4 aircraft are being produced, so all
waste foam is generated from the replacement of old, deteriorated orange
(Type I) foam with yellow (Type II) foam. Each F-4 aircraft has seven neo-
prene bladder-type fuel cells with approximately 17-36 pieces of cut foam required
per ce~l, depending on the particular cell. Following purging of the fuel

cells with purge fluid (now IsoproO 5, earlier Phillips 1010), the foam is
replaced while the aircraft are in the service hanger. New yellow foam is

contained in polyethylene bags before installation; however, orange foam is
simply discarded in a dumpster without being bagged. Foam that can be reused

is housed in a ventilated building in cardboard boxes until it can be placed
back into the fuel cells. The concentration of potentially explosive fumes in

the building is monitored.

Foam-Cutting Operation

A minimal amount of foam is being cut by the Carpenter Shop at Ogden

ALC for installation in F-4 aircraft. Ogden has also recently contracted with

an outside firm to do some foam cutting. The foam is being cut at Ogden with
standard carpentry tools on an as-needed basis. Foam for about 40 fuel cells
(about 6 aircraft) had been cut during the 3 months before our visit to the
base. At the time of the visit, there were orders for cutting foam for an

additional 20 fuel cells (about 3 aircraft). Each cell requires the cutting
of approximately four 40- by 84- by 8-inch sheets of foam. The foam sheets on
hand were obtained from Rogers Foam Corporation,* who purchase foam from
SCOTFOAM. Carpenter Shop personnel estimate a loss of 30 percent as scrap.
Therefore, approximately 23 yd3 of new scrap were generated by foam cutting at

Ogden during a 3-month period. No new orange (Type I) foam has been used at

Ogden ALC for several years.

Waste Foam Disposal

Waste foam disposal at Ogden ALC occurs irregularly, depending on

:hat aircraft are in for, servicing. An 8 yd3 dumpster is emptied about
*Rogers Foam Corporation, Sommerville, Massachusetts.
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three times each month. During the visit to Ogden ALC, only unpackaged used

orange foam, most of it badly deteriorated, was observed in the container.

The foam is disposed of at the Davis County landfill. A visit to the landfill

revealed only one piece of polyurethane foam (evidently for a fuel cell since

it contained markings similar to those observed on other cut pieces at the

various ALCs). The piece was dark blue foam (Type IV) and seemed to be newly

cut.

No disposal problems were reported with Ogden ALC waste at the Davis

County landfill. The County is negotiating with Hill AFB to supply steam heat

to that base using a proposed $53 million waste-fired steam generator, which

will burn waste from all sources.

Sacramento Air Logistics Center

Sacramento ALC, located at McClellan AFB, was visited on 20 July 1984.

Sacramento ALC supports F-4 and A-1O aircraft, with an emphasis on the latter.

Some helicopters and C-130 aircraft are serviced occasionally. All of these

aircraft use fuel cell polyurethane foam. No foam cutting is performed at

Sacramento ALC.

A-1O Aircraft

In 1982 Technical Order 900 was issued calling for removal of all

old red (Type III) foam from A-1O aircraft and replacement with light blue

(Type V) foam. The A-1O aircraft contains 250 ft 3 of foam. At the time of

the visit, 144 aircraft had been converted, with 120 aircraft remaining for

conversion. Fairchild Industries, Inc., Crestview, Florida, makes the foam

kits for the A-10 aircraft. Each A-1O requires 17 different kits. Unlike the

situation observed at other bases, foam removal at Sacramento ALC is performed
with stringent clothing requirements, including the wearing of respirator

masks, body suits, and gloves to handle all contaminated foam. Used purge
fluid is aerated to eliminate low flashpotnt materials (JP-4) and is reused.

The flashpoint on purge fluid is not supposed to be allowed to drop below
120°F and is closely monitored at Sacramento; however, closed-cup flashpoints

on fluid drained directly from foam in purged A-10 tanks (aircraft No. 77/203)

during the visit to Sacramento ALC were determined to be 93 0 F (left main

9
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tank), 113*F (right main tank), 113'F (left wing tank), and 97'F (right wing

tank). These values are well below the minimum value of 140OF set for clas-
sification of a liquid as "flammnable" for transportation purposes or the

designation of a waste as "ignitable" under EPA guidelines. According to base
personnel, at one time Sacramento ALC was using a mixture of JIP-5 and Phillips

1010 purge fluid. If light blue (Type V) foam of acceptable quality is
removed during maintenance of an aircraft, it is dried in special enclosed

drying sheds and then stored in wooden boxes in a large storage building for
later reuse. A large number of such boxes were on hand during the visit. In

some cases, dried foam was retained at Sacramento ALC for long periods of
time. Foam from a helicopter had been stored for several months prior to that

ALC, visit.

Waste Foam Disposal

All contaminated fuel cell foam scheduled for disposal at Sacramento

ALC is handled as a hazardous waste; however, reusable foam is not handled

as hazardous waste. Waste foam is immnediately placed in a 55-gallon steel
drum upon removal from a fuel cell. Unlike the situation observed at the

other ALCs, Sacramento ALC personnel transfer foam rapidly to closed con-

tainers (drums). The foam is not allowed to remain exposed to the air for any

significant length of time. The purpose of this procedure may be to minimize

hydrocarbon emissions, which are strictly regulated in California (Ref-

erence 9). The material is not bagged before placement in the drum. Each

A-10 aircraft foam conversion generates thirty 55-gallon drums of waste. The

individual drums are labeled as containing hazardous waste and are held in a

well-marked hazardous waste storage area for disposal by a contractor. All

drums contained red (Type III) foam on 20 July 1984.

A Manifest Log for A-10 waste foam was obtained for 10 May 1982

through 31 March 1983 and for 9 January 1984 through 19 June 1984. The log
for the intervening time period was not immnediately available. The data

showed that eighty 55-gallon drums of waste foam were transported from

Sacramento ALC approximately every 2 weeks during the first period cited.

Transportation was somewhat more irregular during the second period cited with

a shipment of 80 drums departing about every 2.3 weeks.

10
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Safety Specialists, Inc., Santa Clara, California, a previous con-

tractor for the disposal of foam from Sacramento ALC, had transported the

drums and their contents as a "combustible solid," as designated by Sacramento

ALC. At first, foam waste shipments had been made with a designation of
"flammable liquid" and later as "combustible liquid"; however, the classifica- ,

tion "combustible solid" was eventually considered to be more appropriate for

the waste foam. The contents of foam and liquid were compacted in the drum,
using a specially designed compactoy capable of applying a pressure of

36,000 lb/in. 2 . This reduced the volume and lowered the costs involved in
disposal at the Class 1 hazardous waste site, Kettleman Hills, near Coalinga,

California. The contents of additional drums were added to the container

until it was highly compacted. A load of 80 drums could be compacted to give
a total volume equivalent to about 6-10 drums (an average reduction in volume
of 90 percent). Safety Specialists, Inc. found approximately 1 gallon of free

liquid in the bottom of each drum picked up from Sacramento ALC. The liquid
apparently drained from the foam. This was not observed at either Ogden ALC

or at Warner Robins ALC, evidently because the foam at these ALCs was allowed

to sit for some time before being placed in containers.

The present waste disposal contractor, IT Corporation, no longer

accepts any hazardous waste in metal drums at any of its disposal sites. This

is a company policy rather than a state regulation. The foam is removed from

the drums at Sacramento ALC and placed in a truck-mounted bin which IT uses
for transportation of hazardous waste. Usually 55-drum lots are collected.

The purging fluid, which has naturally drained from the contaminated foam
and collected in the drum, is poured into a separate container for disposal by

subcontractorCasmalia Resources. Casmalia solidifies the fluid by addition

of vermiculite and then landfills it. California state law prohibits land-
filling any liquid wastes. According to IT, only 1-2 gallons of fluid are
collected during each 55-drum lot pickup. The foam is placed in a Class 1

site operated by IT Corporation near Benicia, California. No compaction is

carried out before disposal; however, the entire site is continuously com-
pacted using heavy equipment. It estimates an 80 percent compaction for .he

site contents as a whole and a remaining lifetime of 30-50 years for the site.

11



Total Waste Foam Generated

It is difficult to precisely calculate the amount of foam generated each

year by each ALC visited, since most figures give the volume of the container

used rather than the mass of foam. If, however, ona assumes a void space of

50 percent in each load (a very conservative estimate), the following figures

can be derived from the data collected. The volumes of both new scrap and

used contaminated foam disposed of each year by thp three ALCs are as follows:

Warner-Robins, ALC 15,120 yd3 (530,000 lb)

Ogden, ALC 144 yd3  (5,000 lb)

Sacramento, ALC 659 yd3  (23.000 lb)

Total 15,923 yd3 (558,000 lb)

Additional Observations

During visits to each of the ALCs, comments were heard from base person-

nel about static electricity generation or fire problems. Some stated that

the foam prevented such problems; others stated that the problems were caused

by 'oam. In no case did anyone commenting on the problem have firsthand

knowledge of an incident involving fire and polyurethane foam. In many cases,
personnel pointed out pieces of used foam with discolorations on the surface

caused by an unobserved spontaneous explosion or fire within the tank of an
aircraft. In an advertising brochure, SCOTFOAM, the manufacturer of polyure-

thane foams, shows a photograph of a piece of foam said to show a discolora-
tion owing to an explosion suppression. Some base personnel stated that the

discolorations were burn marks showing that the foam had suppressed an in-tank
explosion or fire. Others stated that the explosion or fire had been caused

by static electricity generated by friction of fuel with the foam. Evidence
exists that static charge generation can occur during filling, owing to fuel

impingement upon foam surfaces; however, the phenomena cited by base personnel

(mechanics, foremen, etc.) involved spontaneous ignitions that had apparently

not occurred during filling. In no instance was documentation or concrete

evidence provided for the occurrences cited, other than discolorations on

random samples of used foam. It was not obvious that the discolorations

observed were burn marks.

12



Personnel at SCOTFOAM do cite several documented cases where fires

occurred in C-130 or A-10 aircraft during fuel-filling or fuel-switching oper-
ations. The only documented explosion occurring during a flight involved

impingement of fuel in a partially foam-filled fuel cell during an assault

landing.

Additional Bases Contacted

A survey of typical TAC and MAC bases was conducted. One MAC base
(Little Rock AFB) and three TAC bases (Myrtle Beach AFB, Luke AFB, and George

AFB) were contacted.

Each base had a different waste foam management procedure. The amount of

waste foam generated by these TAC and MAC bases is small, and removal does not

occur on a regular basis. This is probably true of other non-ALC bases.
Aircraft are only serviced at TAC and MAC bases when they need immediate

repairs and cannot fly to an ALC. However, the environmental aspects of foam

disposal are of serious concern at Myrtle Beach AFB.

Foam disposal could become a serious problem at Myrtle Beach AFB. A
request has been made to the South Carolina Department of Health and
Environmental Control (DHEC) to permit foam disposal in a landfill after the

fluids have been removed. According to the Chief of the base Environmental
Contracts Office, wastes containing petroleum products are now considered

hazardous in South Carolina. Environmental personnel are now working with

DHEC to determine whether waste foam should be classified as hazardous.

Foam Sample Collection and Transportation

Table 4 lists samples of contaminated foam collected at the three ALCs.

Samples of contaminated yellow and light blue foaro were unavailable. Samples
of new foam scrap were also collected, although new orange foam could only be

obtained directly from SCOTFOAM. The contaminated material was shipped in
sealed metal quart cans, each containing approximately 70-130 grams of foam.

The material was shipped as a flammable solid, according to DOT Regulations

(Reference 10).
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TABLE 4. SAMPLES COLLECTED.

Label Color Type Source

WARNER-ROBINS ALC

WR1 Dark blue IV C-130, No. 63-0771, installed April 1983, tank 1

WR2 Dark blue IV C-130, No. 63-0771, installed April 1983, tank 1

WR3 Dark blue IV C-130, No. 63-0771, installed April 1983, tank 4
WR4 Dark blue IV C-130, No. 63-0771, installed April 1983, tank 4

WR5 Dark blue IV Unknown C-130, taken from flight line dumpster

WR6 Red III F-15, foam 3 years old, badly deteriorated

WR7 Red III F-15, newer piece, less deterioration
OGDEN ALC

HA Orange I Taken from dumpster

HB Orange I Taken from dumpster, greater deterioration

HC Orange I Taken from dumpster

HD Orange I Taken from dumpster

*44 HE Orange I Taken from dumpster

HF Oravige I Taken from dumpster, greater deterioration

HG Orange I Taken from dumpster

HH Orange I Taken from dumpster

HI Orange I Taken from dumpster

HJ Orange I Taken from dumpster

HK Orange I Taken from dumpster

HL Orange I Taken from dumpster

HM Orange I Taken from dumpster

SACRAMENTO ALC

I Red III Drum 1, somewhat deteriorated

2 Red III Drum 1, somewhat deteriorated

3 Red III Drum 2, better condition

4 Red III Drum 2, better condition

5 Red III Drum 3, drier, no deterioration

6 Red III Drum 3, drier, no deterioration

MA Red III From random drum

MB Red III From random drum

MC Red III From random drum

MD Red III From random drum

ME Red III From random drum

MF Red III From random drum

14
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ANALYSES OF WASTE FOAM

Test procedures to determine if a solid waste is hazardous, according to

the definition of Section 3001 of the Resource Conservation and Recovery Act

(RCRA, PL 94-580) are specified (Reference 10) by the United States
Environmental Protection Agency (EPA). These methods are approved for

obtaining data to satisfy the requirement of 40 CFR, Part 261 (Reference 11),

Identification and Listing of Hazardous Waste.

Physical Properties

Uncontaminated Foam

The specified physical properties of the uncontaminated foams are

presented in Table 5.

Contaminated Foam

Appearance. Contaminated or fuel-soaked foams were often badly

degraded and had sometimes completely disintegrated. Used foams showed sig-
nificant color changes when compared to new foams. Both very old red and very
old orange foams were found to be a dark reddish brown and could be distin-

guished only by differences in pore size. The contaminated foams had a
persistent hydrocarbon odor. At one ALC, a foam sample which had been allowed

to sit in an open room for several months still had a strong odor.

Tests performed on new foams showed that they deteriorate

rapidly under sunlight, discoloring and becoming fragmented. These tests
indicated that the polyether types of new foam degrade more rapidly in the

sunlight than do the polyester types.

Liquid Content. Since the liquid contaminants in the polyure-
thane foams are volatile, the contents of fluid can be approximated from the
'oss of volatiles. The data shown in Table 6 were obtained upon drying con-
taminated foam samples to constant weight (3 weeks) under ambient conditions

outdoors. The data show a wide variation in volatile losses. This is pre-
cisely what is expected since the fluid content should depend greatly on the

15
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TABLE 6. LOSS OF VOLATILES FROM CONTAMINATED FOAMS.

Sample Initial mass, g Final mass, g Percent loss

MB 74.38 71.52 3.85
MA 78.08 62.83 19.53

HC 71.23 71.05 0.25

HA 120.65 107.48 10.92

WR5 126.62 113.58 10.30
WR3 101.52 76.35 24.79

WRZ 6.66
MD 10.11

WR7 4.44
HB 5.74

amount of time which expires before containerization and upon the manner of
handling the samples. Note that sample WR3 (Table 6) was collected directly
from a fuel cell and placed in containers immediately. On the other hand, WR5,
d similar sample from the same type of aircraft and same ALC, was collected
from a dumpster. The differences observed for HC and HA or for MB and MA
cannot be readily explained. However, fluid contents will vary widely for the

contaminated foams.

Ignitability. Test samples of contaminated foams were found to
burn readily,although not violently. The foam decomposes to a combustible,
flammable viscous liquid as it burns. Significant amounts of soot and smoke
are released during combustion. The EPA does not have a procedure to determine

the flashpoint of a solid. Flashpoint is a consideration for a liquid waste.
As of 14 June 1985, EPA suggests that the paint filter test be used to deter-

mine whether or not a waste contains free liquid (Reference 12). The test
involves placing a 100-gram sample of the waste on a 60-mesh paint filter for

5 minutes. Any liquid passing through the filter by the force of gravity alone
is considered free liquid. Contaminated foam was not subjected to the paint
filter test during the 1984 laboratory tests. However, if foam is removed by
current maintenance precedures at Ogden ALC and Warner-Robins ALC, It is

unlikely that any free liquid would be recovered by the paint filter test. It
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is possible that free liquid would be found in samples from Sacramento ALC,

which handles waste foam in a different manner.

Extraction Procedure Toxicity Tests. The Fxtraction Procedure

(EP) is designed to simulate the leaching a waste will undergo if disposed of

in a sanitary landfill. In this laboratory test, a representative sample of

the waste is extracted with distilled water maintained at a pH of 5, using

acetic acid. The extract obtained from the EP is then analyzed to determine if

any of the thresholds established for eight elements (arsenic, barium, cadmium,

chromium, lead, mercury, selenium, and silver), four specified pesticides, and

two specified herbicides have been exceeded. If the EP extract contains any

one of the above substances in an amount equal to or exceeding the levels

specified in 40 CFR 261.24, the waste possesses the characteristic of EP tox-

icity. On 6 June 1986, EPA announced proposed changes to the EP Toxicity Test.

A new test, known as the Toxicity Characteristic Leaching Procedure (TCLP),

W monitors a number of additional organic chemicals. Two chemicals included in

these additions are benzene and toluene (Reference 13).

-' Since no known route exists for the introduction of pesticides

or herbicides in fuel cell polyurethane foam samples, no analyses were per-

formed for these substances. A total of six samples were extracted using the

EP procedure, and the extract was tested for eight different metal ions.

Elemental analyses were performed using an inductively coupled plasma (ICP)

spectrometer (Laboratory One) and an emission spectrometer (Laboratory Two).

Extracts from three different samples were tested in each laboratory. Analyses

on two samples were repeated using atomic absorption (AA) spectrometry. In one

case, an exceedingly large (10.1 ppm) quantity of silver was found (sample

WR4). Repeated analysis on the identical extract gave a result of <0.02 ppm

for the silver content. It is suspected that the particular portion of the

extract used in the first test had been contaminated with silver chloride fromI a damaged combination pH electrode. In the second case, ICP gave an analysis
of 1.0 ppm for selenium in sample WR6. Since there is only one usable emission
line for a selenium in ICP, and that line is susceptible to overlap by an iron
line, selenium results are often high. AA spectrometry does not suffer from

this problem, and the AA result on the identical solution showed less than

0.01 ppm Se. The results of the EP toxicity tests are given in Table 7. The

limits of detection on these elements is 0.01 ppm or better. The repeatability

20
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TABLE 7. EXTRACTION PROCEDURE METAL ANALYSES, ppm.

Laboratory One

Sample HM 5 WR6 EPA limits

As <0.002 0.9 1.02 5.0

Ba <0.005 <0.005 <0.005 100.0

Cd <0.002 <0.002 <0.002 1.0

Cr <0.005 <0.005 <0.005 5.0

Pb 0.112 0.065 0.318 5.0

Hg <0.002 <0.002 <0.002 0.2

Se <0.002 0.9 a<0.001 1.0

Ag <0.003 <0.003 <0.003 5.0

Laboratory Two

Sample I WR4 HF EPA limits

As <0.0001 <0.0001 <0.0001 5.0

Ba <O.nOO1 <0.0001 <0.0001 100.0

Cd 0.055 0.053 0.235 1.0

Cr <0.0001 <0.000i <0.0001 5.0

Pb 0.038 0.023 0.246 5.0

Hg 0.045 0.046 0.068 0.2

Se 0.190 0.174 0.202 1.0

Ag <0.0001 a<o. 0 2  <0.0001 5.0

aBy atomic absorption.

is approximately 5 percent. The proposed threshold limits for benzene and

toluene under the TCLP are 0.07 mg/L and 14.4 mg/L, respectively. A modified

TCLP Test was performed at the AFESC on samples of contaminated foam collected

from an F-15 fuel cell from Warner-Robirs ALC in July 1986. Leachate contained

0.033 mg/L benzene and 0.0165 mg/L toluene. These results indicate contami-

nated foam is not a hazardous waste under the proposed new regulations.

However, the amount of benzene found is sufficiently close to the maximum
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allowed to warrent concern. Additional samples should be collected and

analyzed.

Gas Chromatography--Mass Spectrometry (GC/MS) Tests

In GC/MS (Reference 14), gas chromatography is first used to sepa-

rate components and then mass spectrometry (Reference 15) is used to determine
the structure of the compound. GC/MS was determined for neat liquid pressed

from seven different foam samples (samples designated 2, 3, HL, WRi, 6, HI,
anO WR2). The neat liquid is not "free-liquid" (Reference 12) since it was

recovered under pressure. The liquids removed from the first two samples
listed were combined to give sufficient material for testing. Attempts to

obtain adequate GC/MS analyses on hexane extracts of the foam were unsuccess-
ful, apparently owing to the resulting samples being too dilute. The results
were as expected, with lighter aromatic compounds (benzene, toluene) being
easily identified. High molecular weight compounds could not be unambiguously

identified. The gas chromatograms show tnet a complex mixture of compounds is

present in the fluid, an expected result.

Chemistry of Polyurethane Foam and Contaminating Fluids

Polyurethane Foam

Most polyurethanes are formed by the reaction of diols containing a
central chain that is either a polyether (SCOTFOAM hybrid foams Types IV and V
use an acrylonitrile-styrene containing polyoxyalkylene polyether) or a poly-
ester (Types I, II, and III foams), with aromatic diisocyanates (References 16
and 17). Typical isocyanates are 2,4-toluene diisocyanate, 4,4-benzidene

diisocyanate, and 1,5-naphthalene diisocyanate. SCOTFOAM employs an 80:20
mixture of the 2:4 and 2:6 isomers of toluene diisocyanate for their Types IV

and V foams. Although isocyanates are highly toxic, they are no longer chemi-
cally active in the fully cured polymer, nor can they be released in signifi-

cant amounts under any reasonable condition. The polymerization reaction is

OCN-[diisocyanate]-NCO + HO-[polyether or polyester]
--- > polyether or polyester type polyurethane
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The portion of the molecule in brackets is variable to give a variety of poly-
urethane polymers. Normally, the reaction is carried out in two steps.

Initially the dilsocyanate is reacted with a smaller amount of diol to yield

prepolymer with isocyanate end groups. The prepolymer is then reacted with

diol, diamine, diacid, or amino alcohol chain extenders to give the final poly-

mer. SCOTFOAM employs tertiary amine and organometallic catalysts. Blowing is

achieved by reaction of the isocyanate functional group with water to give

carbon dioxide gas (a technique employed by SCOTFOAM) or by addition of a 3

fluorocarbon blowing agent. Dyes are added to the fuel cell polyurethane

foams. Most foam material is made in a continuous process as slab stock which

is cut up to be sold to fabricators.

Purge Fluids and Fuels

A complete list of the fluids which come into contact with the poly-

urethane foams and their additives is presented in Table 8. This table also

lists those chemical constituents which are environmentally significant. This

table was compiled from Material Safety Data Sheets obtained from the manu-
facturers and from military specifications.

Purge fluids (Reference 18) are high-flashpoint (2000F), 1ow-volatil-I

ity C13-C17 Isoparaffins used to purge fuel cells before maintenance or foam

removal. Antioxidants and electrical conductivity additives may be added. On

occasion, JP-5 has been used as a purge fluid.

JP-4 is the standard United States Air Force (USAF) turbine engine

fuel; however, JP-5 and aviation gasoline (AVGAS) are used as alternate or

emergency fuels (Technical Order 1C-130A-2-1). JP-4 (Reference 19) is a vola-

tile (vapor pressure 2-3 lb/in. 2 ), low flashpoint (-20*F approximately), wide-
cut, gasoline-type turbine fuel. JP-5 (Reference 19) is a high-flashpoint

(140*F minimum), kerosene-type fuel employed primarily in Navy aircraft. Both

contain as a maximum 25 percent aromatics and 5 percent olefins. Aviation

gasoline (Reference 20) comes In three octane or performance grades--80/87 (low

lead, red in color), 100/130 (standard USAF AVGAS, blue), and 115/145 (the

former standard AVGAS, purple). All three grades contain tetraethyllead and
ethylene dibromide.
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TABLE 8. CONTAMINATING FLUIDS.

PURGE FLUID

MIL-F-38299B

Soltrol 220 Philips Petroleum C13-C20 isoparaffins
2000 ppm aromatics

Purging Fluid Continental Chemical Petroleum oil

Note: Reports of 1010, Isopro 5, Telura 5, and Bray purging fluids being used
have been received. Some of these may be Soltrol 220 or Continental

purging fluid, relabeled by the distributor.

FUEL

JP-4 MIL-T-5624L Maximum 25 percent
aromatics
Maximum 5 percent olefins

EMERGENCY AND ALTERNATE FUELS

J P-5 MIL-T-5624L Maximum 25 percent
aromatics
Maximum 5 percent olefins

Gasoline, aviation 80/87 Octane MIL-G-5572 Tetraethyllead, ethy-
"lene dibromide

Gasoline, aviation 100/130 Octane MIL-G-5572 Tetraethyllead, ethy-
lene dibromide

Gasoline, aviation 115/145 Octane MIL-G-5572 Tetraethyllead, ethy-
lene dibromide

FUEL ADDITIVES

Antioxidants--Used in JP-5 and some JP-4 at 17.2 to 24.0 mg/l.
In addition, antioxidants are required at 50-150 ppm in
icing inhibitors.

%2,4-di-tert-butyphenol 2,6-di-tert-butyl-4-methylphenol
6-tert-1UTtl-2,4-dimethylphenol 2,6-di-Te-r-T-buty1phenol
2,36- trmethylphenol 2,4,6-trfmliethy1phenol
2,4,5-triisopropylphenol 2,4,6-triisopropylphenol

Nonspeci fic

2,6-dialkyl phenols 2,3,5-trialkyl phenols
2,4,6-trialkyl phenols tert-butyl phenols

tri -tert-butyl -dimethyl phenols te-rT-butyl -methyl phenol s
tert-'yl -dimethyl phenols tert-butyl -ethyl phenols
.d imethylphenol s Tscpropyl phenols
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TABLE 8. CONTAMINATING FLUIDS (CONTINUED).

ICING INHIBITORS

JP-4 additive MIL-I-27686E Ethylene glycol monomethyl ether
(0.10 to 0.15 percent by volume) ý2-ethoxy-ethanol)

jP-5addtiveMILI-8570 AS)50-150 ppm alkylphenol antioxidant
JP-5 additive NIL-I-85470 (AS)
(0.15 to 0.20 percent by volume) diethylene glycol monomethyl ether

STATIC DISSIPATOR ADDITIVE
Lelectrical conauctiviTy additive
used in JP-4 only (1 ppm or less)]

ASA-3 Royal Lubricants 50 percent xylene
0.4 to 0.5 percent Cr

StadisO 450 DuPont Proprietory sulfur-nitrogen
compound
100 ppm toluene
400 ppm isopropyl alcohol

METAL DEACTIVATOR

(May be present at a maximum concentration of 5.8 mg/l In JP-4, JP-5)

N,N'-disal icyl idene-1,2-
propanedi amine

N,N'-disal icyl idene-1,2-
cycl ohexanedi amine

CORROSION INHIBITOR--MIL-1-25017
'usea in uj-T ana VP-5 at 9 to 54 mg/l.)

Tolad* 7 56a Tretolite Division Carboxylic acids in kerosene
propanedi amine

To& :. 49 Tretolite Division Carboxylic acids in aromatic
hydrocarbons, 25 ppm light
aromatic naphtha

DCI-4A DuPont Carboxylic acids In xylene

DCI-6A DuPont Carboxylic acids in xylene

Nalco* -15 Nalco Chemical Co. Fatty acids/hydrocarbon solvent

Nalco® 5403 Nalco Chemical Co. Polycarboxylic acids
aromatic solvent

HITECO E-515 Edwin Cooper, Inc. Petroleum distillate

aNo longer in production.
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TABLE 8. CONTAMINATING FLUIDS (CONCLUDED).

CORROSION INHIBITOR--MIL-I-25017 (CONCLUDED)

HITECO E-580 Edwin Cooper, Inc.

UNICORO J UOP Process Division High molecular weight organic acid/
aromatic solvent

LUBRIZOLO 541 Lubrizol Corp. 37 percent xylene (1 percent
benzene)

P 3305 Unichema Chemie B.V. Dimer acid kerosene

PRI-19a Apollo Technologies 50-60 percent petroleum
distillates

ARCO* 4410 Arco Performance Chemicals

KOBILADO F-80 Mobile Chemical Co. Fatty acids
solvent naphtha (45 percent)

aNo longer in production.
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A large number of additives are used in the various fuels. Antiox-

idants--substituted phenols or diamines--are used in JP-5 and MAy be found in

JP-4 and AVGAS. Two types of icing inhibitors are in use. Ethylene glycol

monomethyl ether (References 21-22) is used in JP-5. A static dissipator addi-

tive is added to JP-4 to increase the conductivity. Two types are in use, one

containing chromium and the other a proprietary sulfur-nitrogen compound.

Metal deactivators, disalicylidenediamine chelating agents, may be added to

both JP-4 and JP-5. A large number of materials have been approved (Ref-

erence 11) as corrosion inhibitors (Reference 23). Finally, dyes (blue:

1,4-dfalkylaminoanthraquinone; and red: an alkyl derivative of azobenzene-4-

azo-2-napthol) are added to AVGAS.

REGULATIONS AND CLASSIFICATION OF FOAM WASTE

The regulations concerning the classification of wastes are complex and

open to different interpretations, as is discussed further on in this section.

The applicable regulations have been reviewed by an attorney and a letter

concerning that review is referenced in the text of this report. The conclu-

sions presented here have also been given legal review.

Federal

The Resource Conservation and Recovery Act (RCRA) of 1984 mandates hazard-

ous waste management. Section 3001 of Subtitle C, Hazardous Waste Management,

calls for the development of criteria for the identification and listing of

hazardous waste. Part 261 of Title 40 of the Code of Federal Regulations

carries out this requirenment. Subpart C of 40 CFR 261 lists four characteris-

tics of hazardous waste to be used to determine if a waste is hazardous--

ignitability, corrosivity, reactivity, and toxicity. In addition, Subpart D

contains lists of materials declared to be hazardous wastes by the EPA. If a

material is recycled, used as a fuel, or used in some other useful function, it

normally will not be classified a hazardous waste, regardless of its charac-

teristics (though it could still be a hazardous material). Here, fuel cell

polyurethane foam is considered a waste. If at some future time it can be

turned into a resource, many of the considerations herein would then be disre-
garded. In the following discussion, only selected portions of 40 CFR 261

relevant to waste foam are presented.
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Ignitabllity

A solid waste exhibits ignitability (40 CFR 261.21, paraphrased) if
it

(a) Is a liquid and has a flashpoint less than 140*F,

(b) Is not a li uid, and under standard temperature and
pressure, can cause fire through friction, absorption of
moisture, or spontaneous chemical changes, and, when ignited,
burns so vigorously and persistently that iF-reates a hazard,

(c) Is an ignitable compressive gas,

(d) Is an oxidizer.

Since polyurethane foam, even when saturated with purge fluid, is

not a liquid, a gas, or an oxidizer (hydrocarbons are reducing agents), items
(a), (c), and (d) do not apply. Further, the initial samples that were
collected at Warner-Robins ALC and Ogden ALC contained no free liquid. New
samples were taken from Warner-Robins ALC in June 1986. These samples passed

the proposed paint filter test.

The significant word in (b) is "and." The waste must ignite from
friction or other causes and burn vigorously. While contaminated polyurethane
foam does burn readily, qualitative Judgment is required to decide whether the
combustion is sufficiently vigorous to cause a hazard; and the EPA does not
provide criteria for making such a judgment. Of greater importance, however,
is that there is no evidence of ignition through friction, spontaneous
changes, or reaction with water. Although some statements have been made that
fuel cell foam can build up static electricity, not at any Air Fcrce base
visited had personnel either seen or heard of static buildup in waste-
contaminated foam or of a fire owing to such a phenomenon. In fact, the

authors have heard of no reports of fires in discarded fuel cell polyurethane
foams from any cause. Thus, the foam as normally collected does not have the

characteristics of ignitability; however, if free liquid is present in the
contaminated foam when tested by the paint filter test, and the flashpoint of

this liquid is below 140 0F, the foam could be a hazardous waste.
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Corrosi vity

A solid waste exhibits the characteristic of corrosivity (40 CFR

261.22, paraphrased) if it

(a) Is aqueous and has a pH less than or equal to 2 or greater

than or equal to 12.5.

(b) Is a liquid and corrodes steel.

Fuel cell polyurethane foam is not aqueous, nor is it a liquid, and

it does not corrode steel, as shown by its behavior in fuel tanks. Thus, it
does not have the properties of corrosivity.

Reactivity

A solid waste exhibits the characteristic of reactivity (40 CFR

261.23, paraphrased) if it

(a) Is normally unstable and readily undergoes violent change,

(b) Reacts violently with water,

(c) Forms explosive mixtures with water,

(d) Generates toxic gases in water,

(e) Is a cyanide or a sulfide, or

Mf) Is capable of detonation (under a variety of
defined conditions).

Polyurethane foam meets none of these criteria. Thus, this material

does not exhibit reactivity.

Extraction Procedure Toxicity

A solid waste exhibits the characteristics of EP toxicity (40 CFR

261.24, paraphrased) if the EP extract contains metal concentrations equal to
or greater than the concentrations shown below:

As 5.0 ppm Pb 5.0 ppm
Ba 100.0 ppm Hg 0.2 ppm

Cd 1.0 ppm Se 1.0 ppm

Cr 5.0 ppm Ag 5.0 ppm
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Since all of the EP extracts tested have values below these limits (Table 7),

the foam cannot be classified as a hazardous waste under this portion of the
RCRA regulations.

Proposed regulations, which would inc'lude more chemicals (including

benzene and toluene) in the EP Toxicity Test, should not change this classifi-

cation (Reference 13).

Listed Wastes

Subpart D of 40 CFR 261 contains lists of wastes which have been

declared hazardous. Section 261.31 contains a list of hazardous wastes from
nonspecific sources (the F-list). Some of the compounds, e.g., xylene and
toluene, may be found in contaminated fuel cell polyurethane foam; however,

this list defines these materials as spent solvents, and the trace amounts
found in the foam cannot be considered as such. The EPA has stated in writ-
ing, in fact, that this list does not apply to mixtures containing these chem-
icals. In a letter dated July 21, 1981, Mr. John P Lehman, Director, Hazardous

and Industrial Waste Division, United States Environmental Protection Agency,

states:

..J[Ilt is our interpretation that the regulations are
intended to apply to spent solvents identifiable as any
technical grades of the chemical that are produced or
marketed and not to mixtures otherwise containing the
chemical.

Section 261.32 contains a list of hazardous wastes from specific

sources (the K-list). Fuel cell foam is not contained in this list. The list
of discarded commercial chemical products, off-specification species, container

residues, and spill residues given in 40 CFR 261.33 (the P-list of acute haz-
ardous wastes and the U-list of toxic wastes) requires a more careful examina-

tion. Although a number of these chemicals may be found in small amounts in
the foam, they certainly are not conmmercial products, manufacturing chemical

intermediates, off-specification commiercial products, or manufacturing chemical
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intermediates as required by this subsection. In fact, attention is called to

the following comment in 40 CFR 261.33,as amended by 46 FR 27476, May 20, 1981:

[Commient: The phrase "commercial chemical product or
mhanuract"ing chemical intermediate having the generic name
listed in..." refers to a chemical substance which is
manufactured or formulated for conmmercial or manufacturing
use which consists of the commercially pure grade of the
chemical, any technical grades of the chemical that are
produced or marketed, and all formulations in which the
chemical is the sole active ingredient. It does not refer
to a material, such as manufacturing process waste, that
contains any of the substances listed in paragraphs (e)
or Mf. Where a manufacturing process waste is deemed to
be a hazardous waste because it contains a substance listed
in paragraphs (e) or (f), waste will be listed in either
261.31 or 261.32 or will be identified as a hazardous waste
by the characteristics set forth in Subpart C of this Part.]

This passage states that mixtures containing substances in the 40 CFR 231.33 P-

and U-lists are not hazardous wastes for this reason alone. They must also

exhibit the characteristics of a hazardous waste or be listed in the F- or

K-lists.

Finally, one must consider Appendix VIII, Hazardous Constituents. A

careful reading of 40 CFR 261 shows that this list is meant to be a guide in

determining which materials should be listed. Appendix VIII is not meant to

have independent regulatory status. This is the interpretation of a majority

of environmental authorities consulted, including federal and state environ-

mental officials (private conversations), environmental lawyers, and hazardous

waste managers. Note, however, that this interpretation is apparently not

universal. one published paper states that "Appendix VIII was originally

accepted by the regulated commnunity as having no independent regulatory status.

The Agency is assuming, however, that it indeed has full regulatory status..."

(Reference 24). The article cited was not written by any member of a regula-

tory agency.
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State

The state of Georgia has accepted 40 CFR 261 as defining hazardous wastes
(Reference 25). The Utah Hazardous Waste Management Regulations merely restate
the federal regulations. Thus, regulations of neither of these states cause
any change in the conclusions reached from the federal regulations. On the
other hand, the California Administrative Code, Title 22, Division 4, Environ-
mental Health, has takea an entirely different approach. Under Article 9,
Section 66680 of the California regulations:

A waste that consists of or contains a material citedin the List of Chemical Names or the List of Common Names
presented in this Article shall be considered a hazardous
waste and shall be handled and disposed of according to
the requirements set forth in this Chapter unless it isshown to the satisfaction of the Department that the waste
does riot meet the definition of hazardous waste presented
in Article 1 of this Chapter.

California includes gasoline (Number 355), toluene (Number 738), xylene(Number 776), and fuel waste on the Common Names list. Waste foam which

contains any of these materials is a hazardous waste under the California regu-
lations, unless it can be shown not to meet their definition. An examination
of other criteria which California uses for a hazardous waste indicates that it
would be difficult to have contaminated foam waste declared nonhazardous.
Thus, contaminated fuel cell polyurethane foam waste is a hazardous waste under
California regulations. New Jersey and South Carolina are the only other
states that currently have laws defining petroleum-product-contaminated wastes
as hazardous. Contaminated foam is a hazardous waste in these two states.

Local

One must consider two types of local regulations--city/county and airbase.
Counties in Utah and Georgia operate under the corresponding state laws which
have already been reviewed. Each of the county landfills has regulations con-
cerning their use; however, these do not include defining hazardous wastes
though they may concern inappropriate wastes or wastes which are incompatible
with a landfill disposal.
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Robins AFB has a hazardous waste management plan, but contaminated foam is

not considered to be a hazardous waste. Hill AFB has issued a Hazardous Waste

Management Plan (Reference 26) which defines a hazardous material as being one

which may

1. Cause or significantly contribute to, an
increase in mortality, or an increase in serious, Irre-
versible, or incapacitating reversible illness; or

2. Pose a substantial present or potential hazard
to human health or the environment when improperly
treated, stored, transported, disposed of, or otherwise
managed.

The Plan also presents a list of predetermined hazardous wastes which is essen-

tially a major portion of the list given in 40 CFR 261.31. Neither of these

criteria indicates that used polyurethane foam is classifiable as a hazardotis
waste under the definitions presented in the Ogden ALC Hazardous Waste Manage-

ment Plan.

Like the California regulations, the Sacramento ALC Management of Hazard-

ous Waste regulations (Reference 27) define as hazardous anything containing

fuel wastes or gasoline.

SUMMARY

Neither new or used fuel cell polyurethane foam, as normally collected, is

classifiable as a hazardous waste at Warner-Robins ALC or at Ogden ALC under
applicable federal, state, or local regulations. This conclusion may not be

true if collection results in free liquid in addition to foam--a condition

which was not observed at these two ALCs. This situation could, and is likely

to, change. The trend in environmental legislation is toward stricter, more

comprehensive, and more inclusive regulations. Specific areas of stricter

regulation possible in the immediate futdre include the follow's-:

1. The EPA may rule, instead of merely suggesting, that free liquids be

separated from mixed wastes by the paint filter and subjected to flashpoint

evaluation.
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2. The proposed TCLP may set unachievable thresholds for benzene and

toluene.

3. More states could declare petroleum-containing wastes to be

hazardous.

4. Because of the volume of material and the chemicals contained,

contaminated (and possibly uncontaminated) fuel cell foam is a likely candidate

for a specified hazardous waste stream.

Contaminated fuel cell foam is classified as a hazardous waste under

California law and under Sacramento ALC regulations. It would probably ,e

difficult to have the waste declared nonhazardous at this location. Nev foam

scrap would probably not be classified as hazardous in California. Contami-

nated foam is also a hazardous waste in New Jersey and South Carolina.

Disposal of both new and used fuel cell polyurethane foam is being per-

formed in accordance with applicable laws and regulations at Warner-Robins

ALC, Ogden ALC, and Sacramento ALC. Note, however, that while the waste may

not be hazardous at WarnerzRobins or at Ogden, it is likely incompatible with

landfill disposal owing to its bulk and the possibility of ground subsidence.

Also, large landfill cleanup costs woula occur if the waste were ever classi-

fied as hazardous.

I I4
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SECTION III

REVIEW OF DISPOSAL AND RESOURCE RECOVERY PROCESSES

In this section, information gathered from literature and patent

searches, waste equipment manufacturers, and waste recovery companies is

briefly reviewed. A detailed process evaluation for each base considered is

included at the end of this section.

SURVEY OF DISPOSAL AND RESOURCE RECOVERY ALTERNATIVES

A literature and patent search was conducted, using both manual and

computerized methods, to explore various sources. This search revealed a

large amount of work that has been accomplished on disposal and recycling

methods for scrap polyurethane foams. A number of processes use heat, steam,I
chemicals, or other means to degrade foam, convert it into its original

components, or reduce the volume.

Several manufacturers of industrial waste handling equipment and

researchers developing new methods of disposing/recycling wastes were con-

tacted. Information on the state-of-the-art of foam recycling/disposal was

obtained from individuals familiar with the foam disposal problem.

Laboratory tests were conducted at NME~I to evaluate the different

methods of recycling/disposal. The results are included as Appendix C to this

report.

Hy-drolysisI
In this class of processes, waste foam is heated under pressure in a

steam or water-saturated environment (References 28-36). The foams degrade

from solids to sticky liquids, which contain polyols (used in the original

manufacturing process) and amines (which can be chemically converted toI
isocyanates--another original component of the foam).

The Ford Motor Company Polymer Science Department, Dearborn, Michigan,

has patented several chemical processes that involve hydrolysis (Refer-

ences 31, 35-39). An author of one of these processes, which is used to
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recycle seat-cushion scrap, was contacted. His company does not recommend

this type of process for general use.

Laboratory hydrolysis tests were conducted on the foam. A steam auto-

clave was used to test samples of both dry and water-immersed foam in a high-

temperature and pressure, steam-saturated environment. Steam hydrolysis read-
ily degraded the polyester foam. Polyether foams are specifically formulated

to improve hydrolytic stability and do not hydrolyze as rapidly
(Reference 42).

Pyrolysi s

Pyrolysis uses heat to decompose wastes in a generally oxygen-free or an

oxygen-deficient atmosphere. During this process, depolymerization (breaking

of the linkages between monomers) and fragmentation (breaking of the chains
themselves) occur. The final product is a complex mixture which is greatly

reduced in volume (References 43-48).

Tests were conducted to evaluate this process. The foam was placed in a
high;-temperature environment (equivalent to the decomposition temperature

given in the patent literature). The foam did not degrade and only slight

charring occurred.

Glyco~lysis

Glycolysis is essentially hydrolysis with a glycol substituted for water.

The foam is permitted to react with the glycol at high temperatures and

pressures to produce a polyol mixture contaminated with byproducts. Other
processes similar to glycolysis include hydroglycolysis, steam hydrolysis/

alcoholysis, and alcoholysis (References 31, 37-41). These processes are

performed similarly and give similar products.

The Upjohn Company, a chemical manufacturer, has patented several proces-
ses for polyurethane foam recycling. Of the two Upjohn employees contacted,
one was a patent author for a process (Reference 49) developed at the D. S.

Gilmore Laboratory in New Haven, Connecticut. This technology was developed
to aid large foam manufacturers to recycle their scrap to reduce operating

costs. Upjohn expressed doubt that the process could be adopted for use by

foam consumers.
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Biodegradation

According to some sources, polyurethane is somewhat biodegradable

(Reference 50). Bacteria would have to be specially developed and bred to

decompose polyurethane foam. No bacteria are currently available to handle
this problem. Biodegradation also requires excessive time and space.

Two series uf laboratory biodegradation tests were performed on the foam.

General, nonspecific as well as specifically formulated bacteria were tested.

After several weeks, no significant weight or volume changes were observed.

Photolysi s

Polyurethane foam can be slowly degraded by ultraviolet light (Ref-

erence 51); however, there would be some danger in the use of high energy

radiation. Lower energy radiation (visible light and infrared, for example)
would be less successful in decomposing the foam. The products should be

similar to those obtained from pyrolysis, since both heat and radiation cause
chain breakage and depolymerization.

The effects of ultraviolet and infrared light on foams were studied in
two separate series of tests. The polyether foams were affected more than the
p3lyesters in the ultraviolet tests. No noticeable effect was observed during
the infrared tests.

Chemical Degradation

lcý Foam degradation can be accomplished by heating polyurethanes in the
presence of carboxylic acids (Reference 52), primary amuines (References 51,
53-57), and acids/solvents (Reference 58). The products created by these

processes are mixtures of a number of undesirable compounds.

Two solvent recovery equipment manufacturers, Recyclene Products (San

Jose, California) and Finish Engineering (Erie, Pennsylvania) proposed that
U the foam could be degraded in a pressurized, heated chamber filled with a

ciemical agent that could aid in the degradation process. The foam would be
converted into its original components, and the chemical agent could be used

over and over again. After evaluating this possibility, it was decided that
this method would be too impractical to pursue.
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Several acids, bases, and chemical solvents were tested to determine the

ability they possessed to chemically degrade the foam. No permanent signifi-

cant changes occurred during these tests. Even if the foam could be chemi-

cally degraded, the product that would be produced would be more undesirable

than the original foam waste.

Baling and Shredding

If scrap foam continues to be landfilled, it could be reduced in volume

by compacting, baling, shredding, or grinding. Seven manufacturers of this

type of equipment were contacted. It would be difficult to shred or grind the

pliable foam; and the problem of managing the waste at the landfill site could

be increased, especially under windy conditions. Compacting or baling the

foam would significantly reduce its volume, but the foam would still have to

be landfilled.

Recycl i ng/Rebondi ng

A large amount of scrap polyurethane foam is currently shredded or

chopped and used as a filler in new foam formulations for carpet underlay

padding (rebonding). Shredded foam is also used in stuffing furniture and for

children's toys. The manufacturer of the fuel cell foam, SCOTFOAM (Eddystone,

Pennsylvania), shreds their scrap and sells it to rebonders.

Fifty-one plastic or foam recycling/rebondfng companies were contacted

and questioned about purchasing scrap foam. Only four companies expressed

interest, and these placed unreasonable acceptance and shipping restrictions

on the scrap foam.

Incineration

Incineration of the foam was considered. A two-chambered, afterburner-

equipped unit, operating at high temperatures, could possibly reduce the

volume/weight of the foam dramatically without any environmental problems.
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Twenty commercial incinerator manufacturers were contacted and only 10

were interested in the foam disposal problem (Appendix D). After an initial

field test of the foam at the New Mexico State Hospital Incinerator Facility

(Las Vegas, New Mexico) proved favorable, larger field demonstrations were

planned. These tests are discussed in Section IV.

PROCESS EVALUATION

Only the processes deemed feasible--landfilling, incineration, and sell-

ing the foam to recyclers/rebonders--have been evaluated. The other processes

discussed in the first part of this section were omitted because of their

impracticality or problems caused by hazardous products. The cost factors are

presented only for Warner-Robins ALC, the largest producer of scrap foam.

Since incineration has been chosen as the preferred disposal method, its dis-

cussion is more detailed.

The processes in this evaluation are Judged by the following factors

(Reference 59).

Environmental Factors

The federal, state, and local environmental laws/regulations that would

affect the operation of the process being studied are first discussed. Then,

specific problems such as emissions, residues, and byproducts produced by a
process are evaluated. The expected public opinion as well as the outlook for

the future for each process is also mentioned.

Economic Factors

The current and future amounts of waste foam generated by a process are

discussed. The possibilities of using the existing base facilities to reduce

the costs of a prnt,!,s and the ease of incorporating a process into the exist-
ing base routine are also evaluated. Finally, the costs of the process are

estimated (Warner-Robins ALC--incineration process only).
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Landfilling

Waste foam is now landfilled at all the ALCs and Air Force bases that

were surveyed. Warner-Robins ALC, Ogden ALC, and Sacramento ALC were visited
to review this method of disposal.

Environmental Factors

All federal, state, and local regulations have been reviewed for the

three ALCs. Regulations allow the foam to be landfilled in nonhazardous waste

sites in Utah and Georgia. In California, however, contaminated foam wastes

are deposited in a Class 1 hazardous waste landfill. Contaminated foam could

be classified as hazardous in Utah and Georgia in the future. Unless other-

wise specified, any waste material containing petroleum products is considered

a hazardous waste in California, South Carolina, and New Jersey. Such regula-
tions can be expected for other states in the future.

Several environmental problems are created by landfilling waste
foam. An extensive period of time is required for degradation of polyure-

thane, which for all practical purposes could be considered nonbiodegradable
in landfills. Owing to the sheer bulk of landfilled foam, subsidence could be
a serious problem in the future. Of greater concern is the possibility of the

foam being declared a hazardous waste in the future; in which case, site

cleanup could be required.

Landfilling almost certainly produces emissions due to purge fluid
and other contaminants, which are expected to occur at relatively low levels.
The high-volume and low-density properties of foam make it a difficult mate-
rial to landfill. It fills the site rapidly and is often blown about by the

wind. The tendency for windblown foam was apparent at the Houston county
landfill, where the waste from Warner-Robins ALC is taken. The foam also

tends to 'float" to the top of the landfill when buried.

Probleins are occurring at the landfill sites used for foam disposal

in California. The Class 1 hazardous waste disposal site at Benicia,
California, where foam waste from Sacramento ALC is now disposed, is reported
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to be leaking (Reference 60). The same is true for the Kettleman Hills

Class 1 site, where Sacramento ALC waste foam has been deposited in the past

(Reference 61).

Landfills are unsightly and undesirable by the public. Landfilling

is considered to be an unsafe method for disposing of industrial waste. This

is particularly true when those wastes may be declared hazardous in the
future. This negative opinion will continue to grow as landfills are filled

and new landfills are needed.

Landfilling is being phased out as a method of disposal for indus-

trial wastes. As current landfills are filled, it will be more difficult to

obtain approval for new sites. As of August 1985, this was a serious problem
at the Houston county landfill and no new site had yet been located. Old

landfills are also causing problems. Groundwater and soil contamination and
other environmental problems have caused the initiation of large landfill

cleanup programs (Reference 62).

Economic Factors

The amount of waste foam being placed in landfills each year at the

three ALCs is as follows:

Total foam waste 427,000 ft 3 (558,000 lb)
Warner-Robins ALC

Total foam wastes 405,000 ft 3 (530,000 lb)

Contaminated foam 65,000 ft 3  (85,000 lb)

Uncontaminated foam 340,000 ft 3 (445,000 lb)

Ogden ALC

Total foam wastes 4,000 fts (5,000 lb)

Contaminated foam 3,300 ft 3  (4,200 lb)

Uncontaminated foam 700 ft 3  (800 lb)

Sacramento ALC

Total foam wastes 18,000 ft 3  (23,000 lb)
Contaminated foam 18,000 ft3  (23,000 lb)

Uncontaminated foam 0 ft 3
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The amount of foam waste that will be generated in the future cannot

be predicted exactly. Plans have been made, however, to install foam in all
C-130 aircraft in use today. Each C-130 requires between 1600 and 1800 ft3 of

foam (depending on the aircraft production series), and there is approximately

35 percent waste in the foam~cutting operation (Reference 5). Since only half

of the approximately 300 C-130 aircraft have been fitted at this time, about
76,000 ft3 of uncontaminated foam waste will be produced as a result of this

one operation alone. The A-10,, F-i5, F-4, and helicopter aircraft will
continue to be refitted with replacement foam required as a result of normal

degradation. The A-7 is also being fitted with fuel cell foam. New fuel cell

foams with a better antistatic formulation are being developed. These new

foams could replace much of the fuel cell foam in use today. Such a

replacement will generate a large amount of additioncal waste, both removed

contaminated foam and new scrap foam.

Warner-Robins ALC spent over $98,000 in fiscal year 1984 for foam

disposal. This figure includes transportation and landfill charges. These

costs are expected to increase. The volume of the waste could be decreased by

shredding, baling, or compaction. Volume reduction would reduce the cost of

transportation to the landfill; however, it would also increase processing

Incineration

Incineration is a possibly environmentally safe disposal method in which

a large volume/weight reduction and good emission characteristics are

possible.

Environmental Factors

All federal, state, and local air quality regulations have been

evaluated and are discussed in Section IV of this report. Permitting

requirements for installing an onbase unit are discussed in Section V.

Emissions are the main concern of the public and of the federal and state

environmental control agencies who deal with incinerators. This problem is

largely avoided by the use of a two-chambered (or afterburner-equipped)

incinerator. Gases emitted by burnin(I the foam would be passed into a
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separate chamber, where they would be reburned. Emission studies of the

products given off in foam incineration are discussed in Section IV of this

report.

Little residue remains when polyurethane foam is incinerated. A

volume reduction of better than 99 percent is possible. The small amount of

ash left over is expected to be nonhazardous and could be safely landfilled.

A complete analysis of this ash residue is included in Appendix B.

Historically, the general public has disliked combustion as a method

for waste disposal. In the past, combustion disposal methods often produced
gaseous emissions and left behind undesirable solid products. More advanced
incineration technology can be clean and efficient.

Economic Factors

Incineration costs could be reduced through the use of

contractors hired to run an incinerator facility. Contractors could use
either their own or an Air Force supplied incinerator. Transportation of

* waste to the incinerator would be supplied by the contractor or by base per-
sonnel, whichever is more cost-effective.

The following is an individualized evaluation of the economics of incin-

erating foam.

Warner-Robins ALC

The large amount of waste foam generated at Warner Robins makes on-

base incineration a feasible option. Contracted incineration is likely to be
* difficult to find and would create logistical difficulties unless the contrac-

tor were located nearby. An onbase incinerator could be dedicated to combus-
tion waste foam, or could be used to burn all solid combustible wastes includ-
ing foam. Design of an incinerator to burn all combustible solid wastes would
have required an extensive waste survey which was outside the scope of this
effort. The following evaluation is for an incinerator dedicated to foam

combustion only.
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The estimated base price of an incinerator ranges from $12,000 to

$300,000, depending on the manufacturer, model, and size of the unit
purchased. This initial cost to the Air Force would not include installation

and shipping costs, which could be equal to the price of the incinerator.

There should be very little maintenance on a nonhazardous waste incinerator;

however, replacement could occur a-1 often as every 8 to 10 years.I

An incinerator with a capacity of about 1200 lb/hr of type O"0

waste, (commnon trash that is highly combustible), (400 lb/hr of foam) would be

the minimum size needed for foam disposal at Warner-Robins. With an operation

time of 1456 hours a year (four 6-hour days and one 4-hour day each work

week), incineration of 582,000 pounds of foam is possible. This time allot-

ment would allow startup and shutdown periods, time for ash removal, and time
for making minor repairs. The incinerator would be powered by niatural gas,

propane, or fuel oil. Electric power would be required to operate such

support equipment as burner ignitors and monitoring gages. This unit would

require about 1.9 million BTU/hr to operate. The fuel bill would be approxi-

mately $14,000 per year, according to current natural gas prices. A foam

storage bin with a ram-loading system would be the preferable accessories for

the incinerator.

If Air Force personnel were assigned to operate an incinerator, the

base maintenance department would have to accommodate additional personnel

manhours. Training sessions would also be necessary to ensure the proper and
safe operation of the facility. Personnel would have to be assigned to

monitor and load the incinerator. This could be handled by one person; how-

ever, a second person could be used to transport foam, fill in for vacation

time and sick leave, and perform simple maintenance.

Maintenance costs for an incinerator of the size needed for Warner-

RoisALC would be minimal. Incinerators are designed and built to be
operated outdoors with minimal shelter.

No emission control devices should be necessary for the operation of

an afterburner-equipped incinerator that is properly sized and operated. This

will be discussed more in detail in the next section of this report.
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The estimated yearly costs with no contractor operation and no emis-
sion control equipment at Warner-Robins ALC are presented below. These costs
were calculated for the smallest acceptable incinerator, and a 50 percent cost
overrun factor was included. The installation and capital equipment costs are
conservatively prorated over 4 years. The prorated installation costs will be
smaller than those estimated, since installation cost for a replacement unit
would be smaller than that for the initial unit.

Cost/year
Capital equipment ($300,000 initial cost) $ 75,000
Installation ($120,000 initial cost) 10,000
Fuel costs 14,000
Mai ntenance 5,000

Operating personnel (2) 30,000

$154,000

Ogden ALC and Bases Where Foam is not Hazardous
This base generates a small (5,000 lb/yr) amount of waste that isI produced very sporadically. This would also be typical of any TAC or MAC base

that is not a major aircraft service center. The foam is not a hazardous
waste in Utah. This is also true of the majority of the TAC and MAC bases.
At these installations, the purchase of a dedicated incinerator for foam dis-

posal cannot be justified. Bases should evaluate the feasibility of purchas-
ing an incinerator to dispose of nonhazardous combustible solid wastes. Foam
could be incinerated along with other wastes. The foam could also be shipped
to an outside waste contractor who would be required to incinerate the foam.
Local companies that operate industrial kilns or incinerators may be available

around some bases, and these could be contracted to incinerate the waste foam.I If the foam is ever redefined as a hazardous waste solely due to its
ignitability or corrosivity characteristics, it could be possible to still
allow the foam to be incinerated in a nonhazardous waste incinerator, accord-

ing to 240 CFR 264.340. However, if the levels of benzene or toluene ever
cause the foam to be redefined as a hazardous waste, the disposal of the foam
should be handled by a hazardous waste contractor. A hazardous waste inciner-
ator should be used.
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Sacramento ALC and Bases Where Foam is Hazardous

The amovnt of waste foam generated at this facility (23,000 lb/yr)
could warrant the purchase of a small incinerator, were the foami not consid-
ered a hazardous waste under California environmental laws. This would also
be true of any Air Force base located in a state where the foam is considered
a hazardous waste (South Carolina, New Jersey). The cost of a hazardous waste
incinerator dedicated to foam destruction would be prohibitive. In addition
to the excessively high capital outlay needed, such an Incinerator may have to
pass stringent emission tests before it could be licensed and permanently
installed. Base personnel at Sacramento ALC who now handle the foam are

required to wear full safety gear and handle foam as a dangerous waste. rhis
could create difficulties if base personnel were required to operate the
incinerator facility. However, if significant quantities of other hazardous,
combustible, solid wastes were generated on these bases, an onbase hazardous

waste incinerator may become economically feasible.

The difficulties imposed by California and other state environmental

laws where the foam is considered a hazardous waste might justify the hiring
of a hazardous waste contractor to transport and incinerate the foam. This
would be an expensive procedure but probably no more so than is the present
use of a hazardous waste landfill. Moreover, incineration avoids the possi-
bility uf liability which could result from leaking sites.

Recycl ing/Rebondi ng

Recycling is an economical and environmentally sound disposal method, but

it may not be practical for the Air Force. The major problems are the
uncertain market, the small demand for certain types of foams, the need to
segregate foam types when shipping, the possible liability for foam use, and

the lack of a market for contaminated foams. In addition, the Federal Govern-
ment could be a barrier to the sale if there were any possibility that the

foam seller could be held liable for foam use.
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Environmental Factors

Environmental problems posed by disposal of new foam by this method

would be virtually nonexistent. There would be no residues, emissions, or

byproducts if the foam were sold as scrap. The recycling/rebonding ccmpany

would be responsible for any waste products that would be produced from

processing the foam. Public opinion should be very favorable. One should

note, however, that the focm seller may still be liable for the use of the

foam. The use of the foam for an unsafe product or the involvement of the

foam in an accident such as a fire could pose legal problems for the foam

seller.

The potential for this methol of disposal is uncertain. The foam

seller would be dependent on the scrap polyurethane market. Prices could

change sporadically and unexpecteely. and the market could disappear at times.
When the contract to buy foam exrirend, rebidding would be necessary and foam

could accumulate. Companies are Ye-y specific as to what type of foam they

will accept. None of the potential buyers contacted expressed interest in the

contaminated foam. Laboratory ttsts show that washing this foam with deter-

gent and water will not remove sufficient contaminates to permit its reuse as

uncontaminated material.

Economic Factors

The only ALC facility studied that would significantly benefit from

selling foam would be Warner-Robins ALC. Eighty-three percent of the total

foam waste generated at Warner-Robins ALC is clean scrap foam. The majority
of waste generated at the other ALCs (and apparently most TAC and MAC bases)

is contaminated foam. The problem of disposing of contaminated foam would

still remain and would still have to be resolved.

It would not be difficult to incorporate the selling of foam into

the base operating routine. The only base facilities used would be those now
in use for loading and storage of foam for landfill disposal. Most of the

process, including packaging, loading, and shipping, could be handled by
contractors. Waste foam could be placed into the waste containers already in

use, and the contractors would be responsible for preparation and shipping.
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Since the foam is being sold, the initial savings could be substan-

tial. These savings would vary, depending on the price obtained and the

amount of responsibility the seller would be required to assume for handling

and shipping costs. No formal bids have been established with the recycling

and rebonding companies. These bids would have to be determined by direct

negotiations involving the Air Force. Preliminary price estimates show that

the foam would sell for $0.05 to $0.25 per pound ($22,000 to $100,000 per year

for Warner-,Robins uncontaminated foam). The price would depend on the

quality, type, and amount of the foam sold.

Operation and maintenance costs would depend on the amount of

responsibility the local base would have to assume. If the base were required

to prepare and ship the foam, this requirement could substantially increase
costs. The purchase and installation of a baler could add $60,000 or more to

the capital equipment outlay. Some important safety and personnel problems

are involved in the operation of a baler.

SUMMARY

Possible methods of polyurethane fodm waste disposal were surveyed and

evaluated. Pyrolysis, glycolysis, hydrolysis, chemical degradation, and

related processes are likely to produce products which would be harder to

eliminate than the original foam waste. Photolysis and biodegradation are

very slow and would require excessive financial investment. None of these

processes would fit well into normal base routine.

There are only three feasible disposal processes for fuel cell foam:

(1) landfilling, (2) selling the uncontaminated foam to rebonding/recycling

companies, and (3) incineration.

Landfilling could be continued. This process is relatively low-cost at

most bases (Sacramento ALC is an exception), and it fits well into base

routine. The major problems with landfilling are that it is environmentally

unsound and leaves the waste foam generator open to the possibility of future

liability. These potential problems are particularly severe at Warner Robins

ALC. It is unlikely that landfilling can be continued indefinitely for even

3mall waste foam generators owing to expected changes in regulations.
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Land-filling will be a problem in those states (California, New Jersey, South

Carolina) which could, or do, declare contaminated fuel cell foam to be a

hazardous waste. The number of such states will almost certainly increase.

Landfilling may continue to be a viable disposal method for bases which

produce only small amounts of waste foam, such as Ogden ALC and most TAC and

MAC bases. If landfilling continued, baling could be useful at Warner-Robins

ALC. Volume reluction is unlikely to be useful at other bases because of the

small volume of waste or, in the case of Sacramento ALC, the present disposal

procedure. The cost for continuation of landfilling at Warner- Robins ALC will

be about $100,000 per year. This figtire includes transportation and landfill

charges. With the purchase and operation of a baler, the cost would be about

$125,000 per year. This cost includes the initial purchase of a baler and

personnel costs to operate it.

Selling scrap foam to recycling/rebonding companies is environmentally

sound and potentially highly cost-effective. This procedure should be con-

sidered as an auxiliary method of disposal for uncontaminated foam. Other

methods must be available to dispose of contaminated foam and to dispose of

foam when the market disappears, as it is almost certain to do at times. If

Warner-Robins ALC were to dispose of all uncontaminated foam in this manner,
as much as $100,000 per year could be realized from the savings in landfill
disposal costs, if there were no transportation or equipment costs. In that

case, the process would almost pay for itself. It is likely, however, that

significant costs will be required in manpower, baling equipment, and trans-

portation. Relatively large and probably incalculable administrative costs

would also be incurred. There would still be a problem in disposing of the

contaminated foam. The best estimate for the cost of a procedure in which new

scrap foam is sold (at no net loss or gain) and contaminatid foam continues to

be landfilled (at Warner-Robins ALC) is about $17,000 a year. This would be

the cost of transporting and landfilling only the contaminated foam.

Potentially, the best method for foam disposal is incineration. Inciner-

ation can cleanly and efficiently dispose of scrap and coiltaminated foam at a

reasonable cost. Recommendations for iccomplishing foam incineration depend

on the amount of waste generated and whether or not it is a hazardous waste.
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1. Warner-Robins generates enough foam waste to warrant onbase incin-

eration regardless of whether or not the waste is hazardous. Warner-Robins
should consider acquiring an incinerator to dispose of all nonhazardous com-
bustible solid wastes. Should contaminated foam ever be reclassified as a
diazardous waste in Geria h incinerator could still be used for burning
"s rap foam (83 percent of waste foam).

Howver acordngto the 40 CFR 264.340 Federal Regulation, if the
foam is redefined as hazardous solely due to its ignitability or corrosivity
characteristics, the foam can still be incinerated in a nonhazardous waste

incinerator if the Regional EPA Administrator approves this. This Administra-

tor may, however, require that the existing incinerator be retrofitted with
air pollution control devices when incinerating contaminated foam.

A conservative estimated cost for incineration of foam at Warner-

Robins ALC, using a dedicated incinerator, is $154,000 per year.

2. Other bases where foam is nonhazardous (Ogden ALC, most TAC and MAC

bases) may wish to acquire an incinerator to burn all their nonhazardous
combustible solid wastes, including foam. They may also try to contract to

incinerate foam off-base. As discussed earlier, it may be possible to
continue to use the existing nonhazardous waste incinerator to incinerate

contaminated foam if a reclassification of the foam occurs. However, the
decision would be up to the Regional EPA Administrator. In case foam is later
reclassified as a hazardous waste, the bases should be prepared to switch to
procedures outlined below in Number 3.

3. Bases where foam is hazardous should contract for foam disposal. A

contractor who would incinerate waste foam would be preferable to one planning
disposal in a landfill. Onbase incineration should only be considered if

significant quantities of other hazardous, combustible, solid wastes are

generated.

M
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SECTION IV

FULL-SCALE INCINERATION TESTS

DEFINITION OF INCINERATION

Many potential disposal processes for polyurethane foam were studied and

most were found to be unfeasible for the application that is needed (Refer-

ence 7). The majority of these processes converted the foam waste into an
undesirable or unusable form or simply transferred the responsibility of han-

dling the waste. The Air Force would not be permanently rid of the waste foam

and could have problems in the future. However, one of the processes that was

studied, incineration, solved the majority of these problems.

Incineration cdn be one of the most environmentally safe and efficient

methods of waste disposal available today. A two-chambered, afterburner-
equipped unit has been designed to effectively reduce waste into an inert

form, without producing any undesirable emissions. All wastes, whether listed

as common, highly flammable, pathological, or hazardous, can be safely incin-

erated (Reference 63).I A volume and weight reduction of 90 percent or greater is possible for
most wastes when incineratod (Reference 64). This is accomplished by subject-

ing the waste to temperatures in excess of 1600*F in the lower incinerator

chamber. These high temperatures rapidly degrade the waste, and the majority

of tho combustible material is eliminated. Consequently, the foam produces

very little ash. The material that is left can be safely landfilled.

The gases produced by the combustion of the waste are channeled into an

upper chamber directly above the lower chamber and reburned at temperatures

exceeding 2000'F. Any hazardous emissions that enter this chamber are

thermally converted into harmless atmospheric gases (Reference 63).
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SPECIFICATIONS FOR TESTING

Emission Components

A thorough search was conducted to determine the emission components that

must be monitored during an incineration test to comply with applicable

federal, state, and local regulations (References 65-72). The following is a

list of these components.

Nitrogen

Nitrogen dioxides and other oxides of nitrogen

Carbon monoxide

Carbon dioxide

Parti cul ates
Lead

Organic compounds (hydrocarbons)

Carbon
Moisture content

Combustible volatile characteri stics

Other Characteristics Monitored

Other characteristics of the stack gases that were determined were the

following:

Velocity of the stack gases

Temperature of the stack gases

Static gas pressure
Gas density

The maximum charged volume that can be safely incinerated at one time (or

the loading rate) was also determined. Ash samples were collected and

analyzed.

Incinerators Used for Testing

The incinerators used for the tests were supplied by the Thermal

Reduction Company (TRC), Bellingham, Washington. The manufacturer of these

units was Consumat Systems Inc., Richmond, Virginia.
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The unit used in the first test series was a Consumat C-75 P pathological

incinerator (75 ft3 capacity). The rated charging/loading capacity of this

unit was 175-360 lb/hr, depending on the type of waste. The fuel used for

combustion was natural gas, and the installed thermal capacity of the unit was

1.2 MBTU/hr (Reference 73). A manual charging/loading method was used for

this test.

The unit used in the second test series was a Consumat C-760 (760 ft3

capacity). Its rated charging/loading capacity was 1600-2800 lb/hr, again

depending on the type of waste. The fuel used for combustion was natural gas,

and the installed thermal capacity of the unit was 3.5 MBTU/hr (Reference 73).

A mechanical ram loader was used to charge/load the foam in this test.

These incinerators were rather old and in need of some repair. The

particulate emissions that were produced in these tests should be considered

as worst case. If newer, more modern units are used, the particulate

emissions would be reduced.

Federal, State, and Local Regulations

A search was conducted by Science Engineering Associates (SEA), Santa Fe,

New Mexico, and NMERI to determine the applicable Air Quality Control

regulations. The following regulations would have to be met if an incinerator

with a charging/loading capacity of over 500 lb/hr were installed at Air Force

installations. (See also Table 9.)

California

Since the foam is considered a hazardous waste in California (Refer-

ence 5), the Federal Resource Conservation and Recovery Act (RCRA) regulations

would have to be followed. Under these regulations, the incineration unit

must have a Destruction and Removal Efficiency (DRE) of 99.99 percent for

Principal Organic Hazardous Constituents (POHC).
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TABLE 9. GEORGIA AND UTAH AIR QUALITY REGULATIONS.

Georgia

Particulate emissions 0.2 qr/dscf (corrected to 121 C02 )
0.2 Tb/100 lb charged

Nitrogen oxide emissions None for the size units that were
tested. The regulation is for units
of 250 MBTU heat input (thermal
capacity) or greater.

Carbon monoxide 10 mg/mr for an 8-hour average
(8.59 ppm)

Lead 1.5 micrograms/m3

Utah

Particulate emisclons 0.08 gr/dscf (corrected to 12% C02 )

Nitrogen oxide emissions 4.25 x 10-4 gr/dtcf for a 24-hour
average (0.5 ppm)

Carbon monoxide 0 026 gr/dscf for an 8-hour average
(50 ppm)

Lead 0.1 micrograms/mr for a 24-hour
average

TEST PREPARATION AND RESULTS

Test Site Selection

Several incinerator manufacturers were contacted and asked to formally

bid on conducting an incineration test of the foam. The manufacturers were

evaluated according to the following criteria:

Cost

Ability to meet any schedule and/or test requirements

Availability of test equipment and personnel

Qualifications and experience of the testing company

Condition of the test facilities and the test incinerator
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Test Preparation

To properly conduct these incineration tests, three main preliminary

items had to be accomplished. First, a certified emission testing company had
to be located. Second, the incinerator had to be prepared for the test and
the proper Air Quality Control officials notified of the test. Finally,
sufficient scrap foam samples had to be shipped to the test site from the most
convenient waste generation site.

Personnel at American Services Associates (ASA), Bellevue, Washington,
were chosen as the emission testing company. They were briefed on the
required emission components and other characteristics that were to be moni-
tored. Standard EPA emission testing methods were to be used (Reference 74).

TRC personnel obtained and prepared the incinerators used in the tests.
These incinerators were expected to meet NMERI specifications. These units
were to be ones that use current, state-of-the-art incineration techniques and
are readily available on the market.

Officials from the Georgia Department of Natural Resources, Environmental
Protection Division (GEPO), the State of Washington Air Quality Control
Office, and the local (Whatcom County, Washington) Air Quality Control
Office--The Northwest Air Pollution Authority (NWAPA) were contacted. The
officials were invited to both of the incineration tests, and test plans
outlining the approach of the tests were sent to each office. Officials of
NWAPA represented all three offices.

Since Warner-Robins ALC is by far the largest generator of scrap foam in
the Air Force, it was chosen as a shipping point. The maintenance department
at Warner-Robins agreed to ship approximately 15,000 pounds of mixed contami-

nated and uncontaminated scrap foam to the test site.

Results--Test No.1I

The first series of incineration tests were conducted at the TRC waste

disposal plant in Bellingham, Washington on 24 January 1986. Two identical
series of tests were conducted on contaminated foam. This foam was of two
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types. The majority of the foam was taken from the fuel cells of aircraft at
Warner-Robins ALC. The remainder of the foam was artificially contaminated at
the test site with a 4 percent JP-4, 96 percent purge fluid mixture
(representative of the fluid present in the foam after it is removed from the
fuel cell). This mixture was provided by the Chemistry Department at Warner

The foam was placed in polyethylene plastic bags in 1- to 2-pound amounts

for loading into the incinerator. Combustion of polyethylene produces carbon
monoxide when not combusted efficiently. No carbon monoxide was detected
during the tests. A loading rate of 63 lb/hr was established as the maximum

allowable loading rate.

The foam burned so hot that, once the incinerator was warmed up to its
operating temperatures, the burners only had to occasionally ignite to main-

tain the chamber temperature. The lower chamber was maintained at a tempera-
ture of about 15000F. The upper (or afterburner chamber) temperature watý
maintained at about 1700-2000*F.

The results of this test are printed in detail in Appendix A of this
report, and summarized in Table 10.

The Air Quality regulation for this size of incinerator in Georgia limits
particulate emissions to 1 lb/hr. There are no restrictions for nitrogen
oxide emissions for a unit this size (Reference 75). Therefore, this series
of tests passed the regulations for particulate and nitrogen oxide emissions
in Georgia.

There were, however, problems associated with these tests. The loading
rate was much too low (63 lb/hr). At this rate, only 92,000 lb/yr of foam
could be incinerated. This could not handle all the waste foam that is
annually generated at Warner-Robins ALC (530,000 lb/yr). Also, the foamI burned so hot that the afterburner was occasionally overloaded, causing
unwanted emissions to occur. These observations suggest that a larger incin-
erator would be needed at Ai- Force installations such as Warner-Robins.

56



TABLE 10. INCINERATION TEST RESULTS.

Test No. I

Particulates--The particulate emissions were 0.127 gr/dscf and
0.277 gr/dscf (0.33 and 0.79 lb/hr) for runs No. I and 2,
respectively.

Nitrogen oxides--The nitrogen oxide emissions were (on a heat
input basis) 0.39 and 0.17 gr/dscf (465 and 201 ppm) for runs
No. 1 and 2, respectively.

Stack gas contents:

CO2  9.60-10.05 percent

02 8.25-8.85 percent
N2  81.10-82.15 percent

CO 0.00 percent

Moisture content of the stack gas 11.7-14.3 percent

Velocity of the gases 22.0-25.9 ft/s

Temperature of the gases 2233.8-2381.7*F

Static gas pressure 30.95 in. Hg

Test No. 2
Particulates--The particulate emissions averaged 0.098 gr/dscf
(0.19 pounds/100 pounds charged).

Nitrogen oxides--The nitrogen oxide emissions averaged
0.0869 gr/dscf (70 ppm).

Stack gas contents:

CO2  5.70-6.06 percent

02 12.14-12.80 percent
N2 81.14-82.16 percent

Co 0.00 percent

Moisture content of the stack gases 13.5-17.3 percent

Velocity of the gases 22.5-26.3 ft/s

Temperature of the gases 1161.6-1257.20F

Static gas pressure 30.96-30.99 in. Hg

Static gas density 0.0763 lb/ft 3

Lead undetectable

Hydrogen cyanide gas I ppmv

57



There was also a problem with the method of loading used during the test.

The manual loading procedure caused serious problems. First, the door to the

incinerator had to be opened frequently (every 1-2 minutes to maintain the

loading rate). This allowed more air than was necessary for combustion to

enter the incinerator, causing the afterburner to momentarily overload and

the emissions were increased. Frequently opening the incinerator door also

proved hazardous to the operator. The foam tended to flash immediately as it

was thrown into the hot chamber, exposing the operator to flames and unpleas-

ant emissions. Also, loads had to be limited to 1-2 pounds of foam to prevent

overloading. A mechanical loading system could feed the incinerator safely

and more efficiently, and should be used for foam incineration.

Results--Test No. 2

After evaluating the results from the first series of incineration tests,

test personnel decided to test a larger incinerator with a mechanical loader.

This second series of tests were again conducted at the TRC waste reduction

plant in Bellingham, Washington. The test date was 3 March 1986.

Three identical series of tests were conducted on the foam. Only uncon-

taminated foam was used. The first series of tests were used to calibrate the

incinerator, and the results of these tests are not representative of actual

operating results.

The foam was loaded into the incinerator by a ram-loading mechanism. All

foam was contained in the cardboard boxes it was shipped in when loaded into

the incinerator. A foam loading rate of 400 lb/hr (880 lb/hr including the

cardboard) was established as the maximum loading rate.

The afterburner chamber burner was used more in this series of tests, and

an automatically operated water spray was used to control the combustion of

the waste in the lower incinerator chamber. The lower chamber temperature was

maintained at about 1500-1550*F. The upper (or afterburner chamber) tempera-

ture was maintained at about 1700-1900'F.

The results of this series of tests are presented in detail in Appendix

A of this report, ind is summarized in Table 10.
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Laboratory studies showed that the total hydrocarbon in the stack gases

was 0.015 gr/dscf. Laboratory studies also showed that the emissions coming

out the stack were almost completely combusted.

Hydrogen cyanide gas was also monitored during this test. Results show

that these emissions were an average of I ppm (ppmv). According to ASA per-
sonnel, the maximum exposure to persons at the base of the incinerator stack

would be 1/1000 of this amount. As a comparison, the Threshold Limit Value-

Time Weighted Average (TLV-TWA) for an 8-hour period is 10 ppmv (Refer-

ences 76-77).

The low particulate emissions (0.098 gr/dscf) will pass the Air Quality

regulations for Georgia and will almost pass the particulate restriction in

Utah (0.08 gr/dscf). This emission rate could have been reduced if the incin-

erator had been sealed better. Also, an incinerator equipped with an over-

sized afterburner chamber would significantly reduce the particulate and any

other emissions by increasing the dwell time of the emissions in this chamber.

Incinerators equipped with this option are readily available on the market.

LABORATORY TESTING

Volume/Weight Reduction Tests

Laboratory-scale testing was conducted at NMERI to determine the volume/

weight reduction that would be possible when the foam is incinerated. Samples

(0.04 g) of uncontaminated foam were placed in crucibles (60 ml) and then

placed in a muffle furnace. They were then subjected to a temperature of

1710°F for approximately 6 hours. This temperature would be the temperature
the foam would actually be subjected to inside an incinerator. A weight

reduction of 98.10-99.45 percent resulted. This reduction amount could also
approximate the volume reduction. Therefore, a volume and weight reduction of

98-100 percent could be possible if the foam were completely and efficiently

incinerated.

* Ash Analysis

%:• Ash samples were collected after each incineration test. These samplesK were analyzed at NMERI to determine if the ash could be landfilled. A
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detailed report of all the laboratory work conducted on the ash is included in

Appendix B.

The ash residues from both tests were environmentally acceptable and not a

hazardous waste, according to current RCRA and state regulations of Georgia and

Utah. The ash could be landfilled in Georgia, Utah, and other states where

the foam is not considered a hazardous waste. Since the ash residues from

hazardous wastes are considered hazardous under RCRA, the ash, unless

delisted, would be considered a hazardous waste in the states where foam is

classified a hazardous waste (California, New Jersey, and South Carolina).

There should be no technical problems with delisting the ash.
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SECTION V

CONCEPTIONAL INCINERATION SYSTEM

FOAM INCINERATION CHARACTERISTICS

The polyurethane foam used by the Air Force in fuel cells has several

incineration characteristics which should be considered when selecting an
incineration system. Its low-weight/high volume and high-combustibility prop-
erties make it an ideal incinerator fuel if the proper safety pr~acautions are

followed. The foam could, however, produce particulate and nitrogen oxide

emissions which may not be acceptable in some states.

The low weight/high volume property of the foam causes it to be rela-

tively easy to transport to the disposal site. However, this property could
also cause problems with incinerator loading. The foam should be compacted
slightly in the hopper of the loading mechanism to maximize the charge.

Foam, whether contaminated with fuel products or uncontaminated, has a
high combustibility rating (13,000 BTU/lb). Therefore, foam could be used as
an excellent source of heat energy in a boiler/steam generator system.

Howeerthis high combustibility could also create problems in loading and

should be installed in the loading mechanism and in the incinerator lowerfl chamber. These cooling spray systems should be used to soak the waste foam,
when needed, to reduce its combustibility and allow it to burn more effi-
ciently. Otherwise the foam could ignite in the loading mechanism or burn

unevenly when loaded into the lower chamber.

Upon the initial loading of foam into the lower chamber, the foam tends

at first to burn vigorously (for 1-5 seconds). While this could be controlled
by a water spray system, this initial combustion surge would probably still

occur. This would increase the particulate and nitrogen oxide emissions above
certain states' regulated limits for short periods of time. This problem

could be nonexistent if the incinerator were equipped with an oversized after-
burner chamber or boiler/heat recovery system. Both of these options would

increase the dwell time of the emissions in the incinerator and could practi-
cally eliminate the combustion surge problem.
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UNIT RECOMMENDATION

The two separate incineration tests were conducted to determine the feas-

ibility of incinerating both uncontaminated and fuel-contaminated foam. These

tests proved fivorable and several incinerator parameter2 were determined.

After evaluating the test results and consulting with personnel from TRC and

ASA, the type and size of the incinerator, loading rate and method, and recom-

mended optional equipment were determined.

The following size recommendations are for a unit dedicated to foam

incineration only. Note that the ur'it has not been field-tested. If other

base wastes are to be incinerated with the foam, a larger unit would be

necessary. A waste survey would have to be conducted to determine which unit

should be used.

The incinerator should be a fixed-bed, two-chambered, refractory-lined

unit (Figure 1). It sould be constructed of an outer lining of about 8- to

9-gage (.1875-inch) steel and about 12-gage (.1100-inch) stee) it] the exhaust

stack. The unit should be lined throughout with approximately 3-4 inches of

refractory and insulation materials which are capable of withstanding

temperatures of 2600-3000°F. The bottom (or primary) burning chamber must be

equipped to sustain operating temperatures of 1600-18000 F. The upper (or

afterburner) chamber must sustain operating temperatures of 2000-2300'F. The

burner fuel should be natural gas, but propane or fuel oil could be used.

An incinerator for Warner-Robins ALC should be capable of disposing

600,000 lb/yr of a mixture of contaminated and uncontaminated foam. This unit
should have a minimum volume capacity of 225 ft3 and should be equipped with
an oversized afterburner chamber, mechanical ram-loading system, and a water

spray cooling system.

The oversized afterburner chamber should be of cylindrical design and

capable of a I-second emission retention time. This chamber should have a

minimum volume capacity of 150 ft3.

The mechanical ram-loading system should be equipped with a water spray

and have a minimum capacity of 41 ft'. The minimum dimensions of the hopper
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Figure 1. Conceptual Incineration Design.
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of the loader should be 73 by 31 by 31 inches. The cyclic feed rate should be

adjustable and operate at 5-second intervals. When this loading system is
used, the foam could either be stuffed into polyethylene bags or thrown into

the cardboard boxes it was originally shipped in before loading into the
hopper. The foam should be slightly compacted into the hopper in order to

maximize the load.

The above recommendation should be used for Warner-Robins ALC only. The

following recommendations should be applied to Ogden ALC, Sacramento ALC, and

other bases.

For bases such as Ogden ALC and the majority of the TAC and MAC bases,

the purchase of an incinerator dedicated for foam disposal is not justified.
Although the foam is not considered a hazardous waste, the foam waste gen-

erated by these facilities would not be sufficient to warrant an incinerator.

However, an incinerator could be purchased to dispose of all the nonhazardous
waste, including the foam, that the base generates. As an alternative, foam
disposal could be contracted to a waste contractor who would be required to

incinerate the foam. Hospital incinerators should not be used to incinerate

waste foam. Hand loading foam into an incinerator of this size would poseI safety problems due to the flammability of the foam.

These bases should be alert for changes in regulations redefining con-

taminated foam as a hazardous waste. In that event, contaminated foam dis-

posal should be handled by a hazardous waste contractor.

Sacramento ALC and other bases where the foam is considered a hazardous
waste (New Jersey, South Carolina) would find that purchasing a hazardous
waste incinerator for the foam alone would not be cost-effective. In addition

to the high capital cost of the unit, stringent stack emission tests would
have to be passed in order to license and permanently install this type of
incinerator. A hazardous waste contractor could be hired to transport the

foam off the base and incinerate it in a proper hazardous waste incinerator.
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OPTIONAL EQUIPMENT

The above recommendation is for the lowest cost incineration system pos-

sible. However, the following optional equipment could be used. Air pollu-

tion control equipment, boilers/heat recovery units, an automatic ash removal
system, an incinerator shelter, and a foam storage area should be considered.

The incineration tests showed that no air pollution control equipment

would be required to incinerate foam waste in Georgia. However, incineration
units in Utah and California would require the use of these devices.

There are several types of Air Pollution Control Devices (APCD). Venturi
scrubbers, wet scrubbers, packed towers, and cyclonic flow units all are
commonly used on incineration units. These devices can effectively control

particulate, nitrogen oxide, HCN gas, or other undesirable emissions.

Particulates are fine, solid particles of unburned matter that escape in

the exhaust gases. Particulates (fly ash) can be controlled by forcing the
emission gases to be subjected to high temperatures for a longer period of

time or by scrubbing the gases with venturi or wet scrubbers. Packed towers,
which cause the gases to travel through compartmentalizated, gravity-operated

Water spray chambers, or cyclonic flow units, which separate out the particuJ-
lates by creating turbulence, can also be used. Bag house or fabric filters

should not be used due to the high stack temperatures. Extensive particulate-
sizing testing would be required once the unit is operational to determine the

type and size unit that would be required.

Nitrogen oxides are formed by high temperatures and oxygen. The high
temperatures of the stack gases would facilitate the formation of this gas.

These temperatures could be lowered if a chamber equipped with a water spray

to cool the gases were used. Venturi or wet scrubbers could accomplish this
effecti vely.

Acid gases, such as HCN, could be removed by first quenching the hot

exhaust gases to saturation temperature in a quench or water spray chamber.

This should be followed by absorption in a packed tower absorber using an

alkaline scrubbing solution.



Special alloy metals would be required for the constv-uction of these
units to control corrosion problems. The high temperatures, particle impinge-
ment, ind condensation that would occur could cause corrosion to joints,
crevices, and other areas in these units. The use of these alloys would
dramatically increase the cost of the units. It is possible that the cost of
the APCD could equal the cost of the incinerator itself.

A boiler/heat recovery unit could be used as a partial APCD. The emis-
sion gases would be funneled into a boiler (steam generator) in such a way as
not to come in contact with any breathable air. The heat from these gases
would be dissipated in the boiler chamber, causing the nitrogen oxide forma-
tion to decrease. The cooled gases could then be filtered through fabric
filters to remove the particulates. The heat generated by the boiler could be
used in, the base heating system or for power generation.

The cost of this unit would be comparable to the cost of the APCD with

one noticeable difference. This unit would eventually pay for itself by

reducing tChe heating or power generation costs of the base.

The foam produces very little ash since its volume/weight reduction is

98-100 percent. The ash will accumulate, however, and must be removed from
the lower incinerator chamber. Ash can be manually raked out of the chamber

after the incinerator has cooled down. This method is dirty and undesirable
for the workers. An automatic ash removal system is commercially available

that can mechanically remove the ash without opening the incinerator.

An incinerator is designed to be used out-of-doors. It can be operated
without a shelter and no major maintenance should occur. However, to lengthen
the operational life of the unit, a simple shelter should be constructed over

it. This structure should be constructed of steel and consist of a roof and
supporting structure. The roof should be large enough to shelter the
incineration system and partially shelter the working area. Space should be
allowed in the roof for the incinerator stack to fit through.

A storage building for the waste foam could be constructed adjacent to

the incinerator. This building should be placed on a concrete pad and con-
structed of steel or nonflammable materials. A building of 2400 ft' (10 by 20
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by 12 feet) could store 1 day's accumulation of waste foam. A building of

12,000 ft3 (10 by 40 by 30 feet) could store a week's accumulation of foam.

INSTALLATION AND PERMITTING OF UNIT

The preparation for the permanent installation of an incineration unit at

any base requires some construction work, state Air Quality construction and
operation permits, and trial/compliance burning of the unit after it is
installed.

First, the state Air Quality control office must be notified of the pro-
posed incinerator before it is installed. Application forms for installation
and operation permits in Georgia and California are included in the Appendix D
of this report. Results of the incineration tests that were conducted on the
foam were sent to the state Air Quality office in Georgia. Personnel in the
office were informed of the tests, and approval of test plans for these tests
was obtained from themr before each test was conducted. This should help
facilitate the application process; however, official compliance testing of

the actual incineration unit will still probably have to be conducted.

According to RCRA (40 CFR 264.340), if the waste foam is ever
reclassified as a hazardous waste due to its ignitability, permitting of the
incinerator might not be difficult. At the discretion of the EPA Regional
Administrator, all RCRA permitting requirements could be waived except at the
closure of the facility and occasional waste characterization/inspection.

This is an important clause if the ignitability of free liquids ever becomes
an issue.

A site located near the foam waste generation sites, with reasonable

access to gas/electrical hookups, must be chosen. This site must be cleared
of all vegetation and burnables and leveled to a certain degree. A concrete
pad must be poured that is large enough to accommnodate the incinerator and a
reasonably sized work area. The construction of a partial shelter (roof only)
is not necessary but would cut down on the maintenance costs of the unit and
increase its operational lifetime. This shelter and all fuel/electrical hook-
ups should be installed after the incineration unit is in place.
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The incineration units are shipped unassemblod and without the refractory

lining installed. Assembling the unit should be conducted at the site of

operation under the supervision of a factory representative. Once assembly

has been completed, the refractory lining can be installed. After the unit is
operational, the lining must be cured. This is accomplished by operating the

unit at reduced temperatures for a short period of time (4-5 hours).

OPERATION OF THE INCINERATOR

The incinerator sizing calculations that were conducted in this project

used an approximation of 1456 working hours per year. This approximation

allows for a 6-hour work day, weekends, holidays, and sick leave.

The incinerator would require two personnel to operate/load the unit,

monitor controls, and fill in for vacation/sick leave. one person could

accomplish these tasks; however, the second person could assist or substitute

for the operator.

The length of the warmup and cooldown periods would depend on the size of

the incinerator. An incinerator can usually warm to Its operating tempera-

tures in 30-45 minutes. This can be facilitated if vtaste is loaded into the

4 incinerator to raise the temperature of the chamber. The cooldown period can

be considerably longer (4-5 hours). This can be better accomplished if the

incinerator is allowed to cool overnight after the day's waste is incinerated.

This cooldown period could be eliminated if an automatic ash removal system

were used.

The foam could be manually loaded into the hopper of the loading mecha-

nism in polyethelene bags and compacted until the hopper is full; however,

this would be cumbersome to the operator. The foam could also be placed back

into the cardboard boxes it was originally shipped in and loaded into the

hopper with a loader machine, such as a small front loader vehicle. The box

of foam could be compacted by the loader into the hopper quite effectively.

This method was tested and proven effective during the second series of incin-

eration testing.
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INCINERATOR MAINTENANCE

The maintenance required on an incinerator should be minimal if the unit

is partially sheltered from the elements and is not abused. Daily, weekly,

and monthly preventive checklists should be generated and adhered to.

Daily visual inspections should be made to check for fuel leaks, control

response, and tightness of all clamps/bolts. The unit should also be cleaned

of all excess debris, especially in the burner control and main control box

dreas. The loader should also be cleaned and inspected for malfunctions.

Weekly maintenance should include a more thorough check of all working

parts. The burner ignitors and flame/temperature sensors should be cleaned as

well as the combustion air ports. The refractory lining should be checked for

any deterioration.

Once a month all moving parts must be lubricated, including blower

motors, bearings, and all latches or hinges. The door seals of the inciner-

ator should be inspected for deterioration.

The incinerator should be painted with a weather and heat'resistant paint

once a year, This painting could be minimized if a partial shelter were con-
structed over the main parts of the unit to protect it from the elements.

.7)-



SECTION VI

CONCLUSIONS AND RECOMMENDATIONS

Neither contaminated or uncontaminated fuel cell polyurethane foam as
obtained under normal removal operations is classifiable as a hazardous waste

at Warner Robins ALC or Ogden ALC under applicable federal, state, or local
regulations. This situation may change as stricter waste regulations are

approved. This is also true of the majority of the MAC and TAC bases
throughout the world. Contaminated foam is classifiable as a hazardous waste

under California environmental laws and Sacramento ALC regulations. This
classification is also true in New Jersey and South Carolina. Disposal of

both types of waste foam is being conducted in accordance with applicable laws
and regulations at Warner-Robins ALC, Ogden ALC, and Sacramento ALC.

Possible methods of waste disposal were surveyed and evaluated. Most of
these methods proved unfeasible. They would either not be cost-effective or
would produce undesirable byproducts. There are only three feasible disposal

processes for the foam waste: landfilling, recycling/rebonding, and

incineration.

The current method of disposal, landfilling, could be continued. This

method is low-cost and is already adapted to the base routine. However,

environmental regulations are expected to become stricter, and the foam waste

could be eventually classifiable as a hazardous waste in states where it is

now classified as nonhazardous. This would cause landfilling to become too

difficult and expensive. Landfill site cleanup where the foam has been depos-

ited could also become manditory in the future.

The uncontaminated foam could be sold to recycling and rebonding compa-

nies. This method is environmentally sound and could be cost-effective.
Other disposal methods would have to be considered for the contaminated foam.

The cost of additional equipment needed for sorting, packaging, and shipping
the foam and the instability of the scrap foam market could make this method

of disposal unreasonable.

70

vQ



Incineration of the foam waste, both contaminated and uncontaminated, has

been proven by full-scale tests to be an effective and environmentally safe

disposal method. Recommiendations for accomplishing foam incineration are made

for Warner-Robins ALC, for bases where foam is classified as nonhazardous, and

for bases where it is hazardous.

Warner-Robins ALC should acquire an incinerator to dispose of waste foam.

If the incinerator is dedicated to foam disposing, it should be a two-

chambered (or afterburner-equipped) incineration unit with a minimum capacity

of 225 ft3 in the lower chamber and 150 ft3 in the afterburner chamber. This

recoummendation is made with some reservation since this unit was never field-

tested. This unit should be capable of disposing 600,000 lb/yr of a mixture

of contaminated and uncontaminated foam. It should be equipped with a mechan-

ical loading mechanism that has a loading capacity of 41 ft3 and can complete

a loading cycle in approximately 5 seconds. Both the incinerator and the
loader should be equipped with a water-spray cooling system. If wastes other

than the foam are to be incinerated, a larger unit would be necessary and a

waste survey would have to be conducted to determine its size. This unit

would cost between $200,000 and $300,000, with $100,000 to $200,000 shipping

and installation costs. If contaminated foam is reclassified as a hazardous

waste, the same incinerator could still be used for scrap foam disposal.
Permits may be required and the incinerator may have to be retrofitted with

air pollution control devices for contaminated foam incineration to continue.

At other bases where foam is not currently a hazardous waste (Ogden ALC,

most TAC and MAC bases), an incinerator used solely for disposing foam would

not be cost-effective. However, an incinerator purchased to incinerate all

nonhazardous wastes (including the foam) may be cost-effective. Moreover,

local industries which need a cheap fuel source for furnaces or kilns could be

contracted to remove the foam and use it for fuel.

* Bases should be alert for changes in regulations reclassifying foam as a

* hazardous waste. In that event, foam disposal should be handled by a hazard-

ous waste contractor.
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At bases in states where foam is considered hazardous (California, New
Jersey, South Carolina), foam should be incinerated by a hazardous waste con-
tractor. The permitting and unit costs of a hazardous waste incinerator would
make such a unit dedicated for foam disposal unreasonable. Bases should
consider on-base incineration of hazardous foam only if they generate signifi-
cant quantities of other hazardous combustible solid waste.j Optional equipment, such as boilers/heat recovery units, automatic ash
removal systems, an incinerator shelter, and a foam storage area, should be
considered. Also, in states other than Georgia, APCDs may be required to
operate an incinerator.
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APPENDIX A

This Appendix is a Reproduction of the

ATMOSPHERIC EMISSION EVALUATIONS,

JANUARY 11986 AND MARCH 1986

* This is a self-contained document with its own internal style,

which varies from our format.
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ATMOSPHERIC
EMISSION
EVALUATION

USAF/NMERI FUEL TANK FOAM

DEMONSTRATION INCINERATOR PROJECT

THERMAL REDUCTION COMPANY

..JANUARY 1986

AMERICAN SERVICES ASSOCIATES

16o49 2.,-Rod food. f.allovue, WA 8aoo7 ý2o6)S41-614 o w
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American Services Associates
~U Consultants In Air, Water, Energv, Hygiene & Managemneni

February 10. 1986

7his atmosphieric emission evaluation was performed On A CCSUT Model

ChP, demonstration incinerator set-up for the ANf MEXIOD DE3D@EL7ING

VKAFN3iINDTITVrZ "=I~) to burn foam omed in the fuel tanks of LMMWT

_____ AMR EW)Cz gav.) planes as a static electricity elimnirator and

sloshing inhibitor. The incinerator was located at THEIIIIAL RE2XTOICOJ

COwMAN C7W) in Dellinghm, Washington. The teats were performed in

accordance with the procedures and equipaent described herein and the 1R4I7U)

OMME DIVIRMNERM PPr0ZTICN AMCV WA). Mt.* Warren Krug and Ms. Julie

0'Ssaughnessy of the 1CUFW=T AIR PCIALAJrIC NLICIRMXT (R1AW) observed this

evaluat i~ project. Mr. Mike Lee of ~NNW was the Client ftoJect Manager

iand Captain Wward Heyse and re. O .1. Carstar ten roe"rseted the USKIF on the

evaluation Project. "aser. Wesley 0. Srxmn ad) 7homsm N. Wient ins of

ANERICN SEIC= ASSOCIAO (MU) performed this evaluation on January 24,

1906.

Patticulate emissions ware found) to be 0.127 anM 0.277 grains per dry

standard cub~ic foot (gr/dacf) coperected to 121 carbon dioxside (O)2) less

the auiiliary fuel 002 contribution or also 0.33 andl 0.79 pounds per hour

(1b/hr) for 1Fm I's 1 & 2 respectively. The nitrogen oxides emissionts on a

heat input basis were 1.59 and 1.19 lbA/l¶J heat input (i.e. assumting 10,000

DTU/lb of foam) or algo 1.2 and 0.6 1b/hr for Rmi #Is 1 & 2 respectively.

Wesley D. Snowden, P.E.

15049 BetRed Road, Suite 110 Beltevue, Wkshingtant 96W7 tZD) 64I-5WV

85



DISCUSSICN

The emissions frao the demonstration Incinerator are shown in Tflbhv At li,

incinerator was tested for particulate and nitrogen oxides (i.e. NO and Nr02)

at the stack outlet. 'nie stack was fitted with a single sample port wit:i

approximately four (4) diameters ahead and one (1) diameters hehind ý_ |

straight and unobstructed stack. The sample port location requited

thirty-six (36) sampling traverse points (i.e. eighteen (1t) in the one

available sample port).

Table Al. NHURI/USAF Foam Incinerator Emission Test @ TRC 1/86
lbu NO./ Emission Parameter

7o.centratie Mss Rateon
0.127 gr/dscf 0.13 lb/hr

I / NOX 465 pu 1.20 lb/hr

2 / M5 0.277 gr/dacf 0.79 lb/hr
2/ NOX 201 ppm 0.60 lb/hr

Avg / MS 0.202 gr/dacf 0.56 lb/hr

Avg / X 333 PM 0.90 lb/hr
~ Aecae milos can be NUe to poJect daily emissions

assuaing the MCRINSW incinerator operates 0 hours/day. the
particulate enissionq are 4.5 pounds per day and the nitrogen
oxides emission are 7.2 pounds per day.

she mples collected on this project were collected per the procdure•i;

specified in the most current edition of the United States Envirorvnent,%.

Protection Agency (EPA) as particulate or EPA Method 5 and Nitrogen OxId).H;

or EPA Method 7. The cleanup and analysis procedures for the two (2) ty•,•5

of samples collected on this project are included after their respectivi!

ocnputer printout of the results. The computer printouts are organized tn

this report with the section of this report discussing particulate first and

nitrogen oxides (NOX) second.

""e process operating parameters monitored during this evaluation inlt-x1td

in the -lncinerator Operating Lon" which is included after the field data

sheets. The burning rates tor the rwo (2) snples wer, 75. 1 a,.)

pounds/hr for Run I's I and 2 respectively.
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The ash produced during the op•ration of this denvstration incine•ition

test was sampled by Mr. Mike Lee of NMRIU following the day of emission

crmpling. Analysis of the ash is availoble froi Mr. Lee.

Frequent opening of the ctarging door was required because of the high

combustibility of the foam. 'Atie charging door was required to be opened

because the combustion chamber was too small to allow a larger charges than

those resolved during the experimental charging procedures prior to sampling

(i.e. 2 to 3 lb per two minutes to 1 lb per one minute periods for Run I's 1I

and 2 respectively. The opening of the door at such frequent periods did

not allow the combustion process to equilibrate and was the cause of higher

than desired emissions (i.e. 0.1 gr/decf at 12% C02 without aukiliary fuel

C02 contribution). No auxiliary fuel was burned durlrg these two (2) salples

because the heating value of the USA? fuel tank fom alonm was adequate to

maintain over the desired 1800 degrees Pahre,~heit ýemperature in the

afterburner.

An ignition test on the Am #1 and ;Am 12 particulate ollected on the

filter and prcbe %ash was performed to determine if the material collected

on the front-half of the EPA method 5 saml.ing train was of a combust ble

nature. The frett-half sample lost 2.7%, 55.8% and 82.1% of its bjinnming

weight upon temperature increases to 500, 780 and 1160 degrees ?arenheit

respectively. The ignition test on the ARm 62 pecticulatt collected lost

1.11, 61.1% and 90.31 of its weight upon tesperature increases to 500, 780

and ll',0 deqrees Farenheit respectively. The Igniton tact indicater that a

significant amount of tCe particulate collected was combustible and

therefore that the emissions coming from the demonstration incineratir were

incompletely oembusted. An adequate retention time (i.e. because the

combustion chamber was too mall) was apparently not avallobl, to completely

combust the foam and thereby minimize the partictiate emissions on this

test.
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V

his report is arranged in the order in which the data can be most readily

i used. The report In arranged an follows:

- •MA Method. 5.&SuuAay (a umoar of tst results)

- "Terminology & q .ustic" used in calcating the results

- "Procedure" illustrating how samples are typically collected

- OPMR Calculation" illustrates how calculations are performed for

non-isok inetics,

- 'EPA Method 5 Particulate Sampling Train" schematic illustrates parts

- "Clean-up and Analysis" procedures utilized on this project

- NOX (EPA Method 7) "Analysis of NOX Emissions" Cacuter Printouts

- MDX Terminology & Equations

- t=( *Procedure" for Samipling

'- "SPA Method 7 (MM) Sampling Train" Schematic

- EPA Method 7 (N) "Sample Clean-up & Analysis" Procedure

- 'EP Method 5 Particulates" calctlation sheet utilizes field traverse

data Sheet for input to the oamputer with one output sheet per F=

- "Particulate Calculation' utilizes laboratory data and calculates total

particulate with one sheet per iRn and sequentially placed with the above

computer output sheets

- "Traverse Sampling Data Sheet' contains data collected from the field

- "Method 7 NOX Field Data Sheets" - Four samples per data sheet

- "Volumes of NOX Flasks & Valve Asswblies"

- "Incinerator Cperating Log" - Maintained by TIC during sample collection

- "Calibration Iecocdsw of the equipment utilized on this project. Spot

calibrations are performed before and after the field work. If within

2%, no changes are made in the calibration records.

!

|I
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4

AMERICAN SERVICES ASSOCIATES E.P.A. METHOD 5 SUMMARY

CLIENT: UNIVERSITY OF NEW MEXICO ENGINEERING RESEARCH INSTITUTE / USAF

SAMPLING LOCATION: THERMAL REDUCTION CO. C-75P DEMONSTRATION INCINERATOR

RUN 1 I RUN 1 2 RUN
1/24/86 1/24/86

LAS NUMBER 18-6 13-6

24 HOUR START TIME 1433 1717 0

24 HOUR STOP TIME 1528 1814 0

ELAPSED SAMPLING TIME, MIN 54 54 0

VOLUME SAMPLED, CU FT 31.034 31.814 0

VOLUME SAMPLED STANDARD, CU FT 32.1541 32.7383 0

MOISTURE CONTENT OF STACK GAS, % 14.3339 11.7046 0

MOLEC. WT OF STACK GAS, LB/LB MOLE 28.2268 28.4983 0

STACK PRESSURE, ;IN HG 30.9478 30.9478 0

PITOT COEFFICIENT ý.854 .854 0

VELOCITY OF STACK GAS, FT/SEC 22.0131 25.8893 0

STACK AREA, SQR FT 1.57625 1.57625 0

STACK GAS FLOW RATE, ACTUAL CU FT/MIN, WET 2081.89 2448.48 0

TEMPERATURE OF STACK, DEG F 2233.78 2381.67 0

STACK GAS FLOW RATE, STD CU FT/MIN, DRY 361.582 415.492 0

DIAMETER OF NOZZLE, INCHES .665 .665 0
*1

PERCENT ISOKINETIC OF TEST, % 107.619 95.3572 0

WEIGHT PARTICULATE CbLLECTED, MG 213.4 482.3 0

PARTICULATE CONCENTRATION, GRAINS/STD CU FT .102207 .226873 0

PERCENT C02 OF STACK GAS FOR 12% CORRECTION 10.05 9.6 0

PART. CONC AT 12% C02, GR/STD CU FT .122038 .283591 0

POLLUTANT MASS RATE (CONC. METHOD), LB/HR .316751 .807936 0

POLLUTANT MASS RATE (AREA RAT. METHOD), LB/HR .340902 .770463 0

POLLUTANT MASS RATE (AVERAGE OF ABOVE), LB/HR .328826 .7892 0

PARTICULATE CONCENTRATION (CORRECTED) .126684 .277001 0

4J
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PAR-ICULATE CONCENTRATION AND PMR CALCULATION TERMINOLOGY

(Page 1)

VOI., VOLm (Vm) - Dry gas meter volume @ meter temperature and pressure, dry-acf

PM-, 'a (bar +A1,1) * Dry gas meter pressure (recorded as inlet deflection across
orifice meter) - "Hg

PIAR (Pbar) - Barometric Pressure @ sampling site (inches of Hg)

TN, Tm (Tm) a Dry gas meter temperature (average of inlet and outlet) - OF
(Use OR * 460 + OF in equations)

PSTD,.PSTO (Pstd) - Standard atmospheric pressure, absolute (29.92 "Hg)

TSTD, T STO ! Tstd) . Standard temperature, absolute - OR

VOLSTD, VOLSTD - Standardized g8 s that passes through the sampling train -
(Vm(std)) cubic feet', 70 F, 1 atmosphere pressure, and dry

VOW, VOLw (Vw(std)) Volume of water collected (e..,ressed as vapor at standard
temperature and pressure) - scf

VOIIHZ0 (Vic) - Volume of H2 0 collected (expressed in milliliters)

HN, M (100 Bws) - %water, calculated from amount the train collected in impinger,
bubblers, and on silica gel

"MF (BO~ws) - Mole fract4on of dry gas

WD. W0 (4d) - Molecular weight of dry stack gas - lb/lb mole

W, iW (MS) . Molecular weight of wet stack gas - lb/lb mole

Wa (*) - Molecular weight of air (28.95 lb/lb mole)

C, C0 (N Velocity correction coefficient for gas density at STP

PSN, PSN (Ps) - Stack pressure (static + barometric), absolute - "Hg

CS, CS (N - Velocity correction coefficient for stack pressure

VH, V"n (L&P) = Individual piltot tube pressure differential readings - inches
water

n (N = Number of velocity head readings

VO, V0 (Vs) = Stack velocity @ stack conditions - fps

QO, C')= Stack flow rate at stack conditions - acfm

TS, T CT = -Average stack temperature, absolute - OF (Use OR = 460 +s s(ave)) OF in equations)

DELTA N (~)Deflection on orifice flow meter when sample air flows through
meter box (inches of water)
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PARTICULATE CONCENTRATION AND PMR CALCULATION TERM1INOLOGY

(Page 2)

Y (Y) " Dry gas meter calibration factor

Qs, Q•os (QSO) Stack flow rate at standard conditions - scfm (dry)

T (40 a Time over which sample was collected - minutes

VN. Vn (VS(std)) - Velocity of gases inside nozzle during sampling, at STP -fps

I (I) . % Isokinetic (± 10% desirable)

CO, Co (CS) a Particulate concentration - grains/scf

N (%C•02 ) . CO by volume in stack (12 indicates no % CO2 correction is
to be made

TS, Ts (Ts) - Temperature of stack gas at each sampling pbint - OF (Use OR -

460 + OF in equations)

C (*. • Particulate concentration corrected to 121 Co2

PMRCo PMRc ( a Pollutant mass rate - "concentration method" - lb/hr

PMRR. PMRr (* Pollutant mass rate - "area ratio methodo - lb/hr

PMRAVG, 9 (N - Average pollutant mass rate - lb/hr

CPRIME, C' (* Particjlate concentration corrected for non-isokinetic
sampling condition - grains/scf

PT, PT (NO) - Total particulate collected by sampling train mg

Al. A2, As (A) a Area of stack - FT2  AZ a 0 if round stack

An (Ad) a Area of nozzle - FT2

ON() / Diameter of nozzle in IN2

CP. Cp (CP) , Velocity correction coefficient for type pitot tube used -

dimensionless, normally 0.80 to 0.90 for "S" type pitot tube
and 1.0 for "P" type pitot tube

KA, Ka (.) Average rvH x

*Notatlon in parenthesis to the right of the ASA nomenclature is the equivalent
EPA 40 CFR 60 Method 5 notation
Notation used by ASA for calculations not required by 40 CFR 60 Method S
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PARTICULATE CONCENTRATCflN AND PHR CALCULATION EQUATIONS

I.VOL ST - (Mvy)(~ (F.)(T S 11. vn (VOLSIzo)(PSTD)(TS)

(PSTD)(T. (H1 ) (TSTD) (Pu) T) (AM)(60)

2. 34 . (100)(V0t) Q2. I - (100) V'/v 0

VOLSTD + VOL", *13. c0  - (0.0154) PT/VOSTD

3. MT - 100 -H 14. C -(C Cý)(12)

N

4. V .(d)(Y) +'a 15. MR, - (Co)(Q,)(0.008571

S.C - -. _W *16. PTR (?) fks) (0.000132)

6. Cs ISTDOS (T) (An)

7. K ~ - (V .( TS_)/n *17. PfR - (PRc+ R)/

AS. V0  2.9 (K S)(C p)(CD)(CS) Ale. C' - (p-t--)( t4 0 0fQOtN

9. Q - V ()(A )(60)

10. Q04 (Q0a )(T5~ S ( PSN ) (M,,)

*UNITS FOR THE CONSTANTS USED ARE GIVEN BrLOWI.

a. 2.9P (FT )(NCHES OF M2 0 x OR)-&I based on~ Bornoulli's equation At STP and 'a
OFER)molecular weight of dry gas of 28.95 And

englLuh unit~s.

13. .0154 grain/mg - (pI)700taiwks)( lb__)( A-
(ftj - lb) (45.

6g) (1000mg)
15. .008571 v_'in-lbs ) - ( 1 .)(ft )(60 vl)( lb )h

16. .000132 (lbsn (Pu.) 2 s5 (..j..( lb )(6 m~.in)

is, 1400 (hr-irains) - (b) mi)(12)( hr M O ri*
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PROCXEJRE

EPA METHOD 5 PARTICULATE SAMPLING TRAIN

Sampling Train Preparation:

A tared and labeled glass fiber filter was placed in a glass filter
holder. The filter (MSAII06BH) was desiccated and weighed to a
constant weight to the nearest 0.5 mg. The condenser section
consisted of four glass contAiners in series: one hundred milliliters
of distilled-deionized water in a bubbler; one hundred milliliters in
an impinger; a dry bubbler; and, a bubbler filled with approximately
500 gramssof silica gel. All of the containers were 1Jsighed to the
nearest 0.1 gram. The sampling train was assembled with conripcting
glassware so that sample gas would pass through the filter, the
bubbler, impinger, the dry bubbler and the silica gel respectively.

A nozzle of a size that would allow for Isokinetic sampling was
selected and cleaned. A probe and liner of appropriate length to
traverse the stack was chosen and the liner cleaned with acetone and a
brush. The nozzle was connected with a cleaned union to the probe and
liner. The probe was connected in front of the filter. A schematic
of the sampling equipment is included in this report.

A leak test was performed on the assembled sampling train. The leak
rate did not exceed 0.02 cfm at a vacuum of 10 inches Hg. The probe
was heated and mairm-tined at or above 250 degrees plus or minus 25
degrees F. The filter was heated and maintained at 250 degrees plus
or minus 25 degrees F to avoid condensation of moisture on the filter.
Crushed ice was placed around the condenser at the beginning of the
test with new ice being added as required to keep the gases leaving
the sampling train below 70 degrees F.

Sample Collection:
Sampling ports were selected and installed. The number of sampling
points was determined based on the number of stack diameters from any
flow disturbance to the port(s). The location of each sampling point
was based on equal areas within the stack.

The time at each point was dependent on the stack velocity and the
desired volume to be sampled.

The probe was inserted into the stack to the first traverse point with
the nozzle tip pointing directly into the gas stream. The pump was
started and immediately adjusted to sample at Isokinetic velocities.
Equal time was spent at each time Interval. The EPA designed
nomograph or equivalent was used to maintain isokinetic sampling
throughout the sampling period. At the conclusion of the run the pump
was tu..ed off, and a final leak test was performed at the maximum
vacuum incurred during sampling. If the post-test leak rate was found
1o he .)ver 0.12P -Fmn the actual leak rate was recorded.
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PMR CALCULATIONS

The weight of the dust per volume and weight of dust per time were
calculated using two Orocedures:

1) The Concentration Method

The concentration of-dust entering the sampling nozzle is calculated and
then multiplied by the volumet'ic flow rate of the stack gases to obtain

the pollutant mass rate on a concentration basis (PMR ).
c

Concentration in Nozzle x Volumetric Flow Rate =

Pollutant Mass Rate On Concentration Basis

(PT/VOLsTD) x Qs = PMR

Assuming the nozzle velocity Is greater than the average stack gas velocity
(Vn greater than Vo), the calculated pollutant mass rate will be less than
the true pollutant mass rate because the heavier dust partlcleswwil leave
their velocity streamline ard not enter the nozzle, If V is less than Vo
then the calculated PMRc will be greater than the true PM.,

2) The Area Ratio Method

The weight of dust collected is divided by the sampiIng:.time and multiplied
by the ratio of the stack area to the nozzle area tobbt:6'In the calculated
pollutant mass rate based on the area ratio method (PMRr.)..'

Weight Collected x Area of Stack = Pollutant MOss".Rate
Sample Time Area of Nozzle on Area Ratl.o 'Basis

(PT/T) x As/An = PMRr

Assuming the nozzle velocity is greater than the average stack gas velocity
(Vn greater than Yo), the calculated pollutant mass rate will be greater
than the true pollutant mass rate because the lighter particles In the dust
laden stream follow their streamlines and enter the sampling nozzle
resulting in PT/T being greater than true. If Vn Is less than Vo, the
calculated PMR will be less than the true PMR.

r

To obtain a more true pollutant mass rate, the two calcu'l.a.ed pollutant

mass rates are averaged. This allows some of the bias Introduced because
of non-isokinetic sampIi ng calculated b'y one method to offset the bias of
the other method. The degree of bias i,; related to particle size and

density.
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CLEAN• P & ANKLYSIS

Clean-. of the modified EPA train was performed by carefully removing the
eated filter placed ahead of the condenser aid placing it in a petri dish

marked Oftm X, Container A-l and carefully removing the filter placed behind
the condenser and placing it in a petri dish marked "Run X, Oontainer A-2".

Reagent grade acetone and pre-cleaned brushes were used to clean the nozzle,
probe liner and pre-filter glass. At least six (6) washes or more were
performed to achieve a clear wash for each individual wash of the nozzle,
probe and pre-filter glass. The acetone wash was placed in a container marked
"*Run X, Container B-1". The same procedure was followed utilizing distilled
water and was placed in a container marked "Run X, Container B-2".

The volume of water in the glass Impinger and bubblers (i.e. condenser) was
weighed in their respective containers to the nearest 0.1 gram. Ite silica
gel was weighed in a bubbler before and after the run. The original weights
in the impingers and bubblers were then subtracted froe the final weights and
the difference added to the water weight gain of the silica gel. The total
weight gain of the condenser section constitutes the amount of water collected
during the run. The water from the glassware and a water wash of the
glassware and all post-filter glassware (not including the silica gel
container) was performed and placed in a container marked "RM X, Container
V'. An acetone wash of the condenser was performed following the water rinse
and placed in a container marked "Run X, Container 0'.

n of the samples was performed according to the following:

Pon X, Containers A-1 & A-2: The petri dishes containing the filters and any
looes perticulate was opened and placed, for at least 24 hours, in a
desiccator containing anhydrous calcium chloride or its equivalent. 7me
filter was then weighed to a constant weight (i.e. two (2) consecutive
weighings at least four (4) hours apart which agree within 0.5 milligrams).
Results wero reported to the nearest 0.1 milligram.

lMn X, Containers B-1 & B-2% The volumes ware measured to the nearest 1
milliliter for the purposes of subtracting blank weights from' the sample
weightn. The B-1 acetone wash was transferred from the field container into a
tared beaker, evaporated at ambient temperature with charcoal filtered air, N
desaccatpd for at least 24 hours and weighed to a constant weight. 7he s-2
water wash was transferred to a tared beaker, evaporated at an elevated
tegperature, desiccated for at least 24 hours and weighed to a constant
weight. 7he results were reported to the nearest 0.1 milligram.

Am X, Container C - The volume was measured to the nearest 1 milliliter. The
organlc particulate was extracted from the water solution with three 25
milliliter portions of Methylene Chloride. The Methylene Chloride extracts
we transferred to a tared beaker. This solution was evaporated at ambient
temperature until no solvent remained. This was accomplished by blowing air
that had been cha<coal filtered over the sample. The samples were then
delcated for at least 24 hours and weighed to a constant weight. The
results were reported to the nearest 0.1 milligram. After the extraction, the
rewaining water was evaporated to dryness at 212 degrees F. The results were
reported to the nearest 0.1 milligram.
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Alm X, .QxntalneL- D - The volume was measured to the nearest I milliliter. The
Watone ash•ngs �re transferred to a tared beaker and evaporated to dryness
at ambient temperature and pressure. 7he samples were desiccated for at least
24 hours and weighed to a constant weight. The results were reported to the
nerest 0.1 M llig•rm.

Blanks were taken an the acetone, Mathylene Chloride, and deionzed water and
sbtracted frcm the respective sample volumo. I*e filter paper used with this
moIfied OR train e. a Mine Safety Appliance 1106 311, heat treated glass
fiber filter mat.

I
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paICN1z aMRVICS AS90CIATES MALYSIS OF NCK ENXICHS

aMV?: NM9 0XIC0 M4QflMfl paSEA"~ InSTITnZ'/USAP E.P.A. 1WflCD 7

1fl04:. TES BU~ 1M 214I 75P INCI1MMT'CR LW7Zt 1/24/86

7113g206 LAUB: 20-6 COMMENIs 1~Rz4isu Fuel Tank Foon burn at TFC-1/86 - Run 11-i

1SD6!T* 30.95 PSFINLv 30.2 PACINm-29.6 pAIW"-.2
Va7w 2064.8 PINIT- 1.35 PFMALP 30 -IVDVf- 58 TEKffL- 66
081 a .0792 %BS2 a .1648 A983 a .2684 ARS4 0 .3552 % moisT -14.33

No - 727.979 ABSORB 1.43 DIU1C 01 02 a 8.25 O28td 0 7

WC1I'SATINOF, "M (~ AS 1402 (DMy) miCKOW16 2602.53
cmmfrpAT2Q4 CF NCX AS N402 (DRY)LBS/DGCF- 8. 32927E-05
CMCE1rMTICN CF NOX AS N402 (DRY) PP11 698.964
Co24CR TICN' cF Nox A.S N402 (WETr) PPM *598.802
CC?4C CF 14C2 AS N02(Cc~kRED TO 7 1 02)LB/DSCF - 9.15232E;-05
cCHC Ci' NOX AS N02(CCjM1'ED To 7 % 02) (DRY) PPM v 768.031

FUZ:216 EAB#: 21-6 COMf2Is NKMI/USA FUel Tank Foam burn at TIC-1/86 -RUN 11-2

VON~ 30.95 PBFIIL 30.2 PACION-29.2 PAC~I1m 0

Vat.w 2075.2 ?DIN1- 1.75 Prfl.L-P 30.2 TEWIN- 55 TDGPFLo 68

A531 a .0792 ADS? - .1648 28S3 - .2684 25S4 - '.3552 % MOIST -14.33

Re m 727.979 ADS= a .247 DILFAC 1 02 w 8.25 28t~idv 7

COMMMAflCH Cr NOC AS 1402 (DMY) MICPMM6 449. 527
M! MITA0C CLP NOX AS N402 (DRY) LBS/09Cra 1. 4423SE-05

CO=W'MfzI CN or E AS t402 (DRY) PPM - 121.04
CMMMITaTXCN Cr NCK AS 1402 (WE?) PPM - 103.695
OWC Ci' NOCX AS N02(=MWMI~ To 7 % 02)LB/DSCF - 1.50491.E-05

omc or NOX AS "02 (COPTwc IV 7 % 02) (DRY) PPM - 133

FB: 226' LA#: 22-6 C*!21!: NWMIASAF Fuel Tank Foaw burn at TFR-1/86 - Run #1-3

PSUINTT 30.95 PBFINEA 30.2 PALZN-29.6 FACLEIW 0
'V.Vu 2091.7 PTlIIT- 1.35 P~Fl~L- 30.2 TPWfIw 54 TEUPTLo 68

281I - .0792 ABS2 - .1648 P5S3 - .2684 ABS4 m .3552 MOg - 14.33

ft a 727.979 ABSSO4 1.2 UXCfli~ ai 02 - 8.25 02std. 7

O6MMMATICN OF "C AS N402 (DRY) MIOOMMIS 2183.94
OMMMRATIOt4 CF t=C AS N402 (DRY) WS/DWC.F 6.8533E-05
CONCENTMTI OF' NC2C AS N402 (DRY) PPM - 575.105
CMOWMRTICN4 CP NCaC AS 1402 &WE) PPM - 492.693
aCO OF NOX AS NO2(CCPIM= TO 7 % 02)LB/DSCP = 7.53051E-05
OCMC Ci' 140 AS N02(COPIM= TO 7 1 02) (DRY) PPM - 631.934
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MWXCKN S5AVIS ABSSCIAT1C Aw.ysxs cr wx~ DMIIWIOs

CL ~ NM MUO GIMNGYS IN9¶7'3r tAVA E. P.A. IETHM 7 .

ZAMIOI: MW1 9Mi POW -IN 75P MlIfl2M ClThM 1/24/86

FflZs236 LAShs 23-6 WWZIT: NRIUAJS1 ?Pasl T*Ak 1Pam burn at TKC-1/86 - &,n 11-4

1SI1ZTm 30.95 13113. 30.2 PACDO.-28. S ~IAM 0
1VUJ. 2099.4 PDIIT. 2.15 PfDriLm 30.2 'UWDIw 54 TO6YL 66

AMUa .0792 AB82 w .1648 AM - .2584 AN4 w .3552 % NOINT 14.33

CWDV'MTIQ4 CF "M AS HD2 MM~) KMOMNB 0
COADMTITMOr MMN AS 002 (DFCY)IES/b@SPW 0
OCACf1KTZQ4 CF OW AS 002 (On~) PYI - 0
COAU1RMZQ c' NX As 1402 CIw) P... a 0
CM C' NM AS W02 (CM14CZ TO 7 0 02) LBD a 0

IC Q' NC MMA N02CCCRIW TO 7 1 02) PI)MN 0
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AMERICAN SERVICES ASSOCIATES ANALYSIS OF NOX EMISSIONS

CLIET: NEU MEXICO ENGIN.ERING RYSAý INSITUMASAF E.P.. METHOC 7

LOMTION: D•2NSTJATICtN BURN FOAM IN C75P rNCINERATOR DATE: 1/24/86

FMEZ 246 LAWt: 24-6 COMMENT: NMERI/USAF Fuel Tank Foam burn at TTC-1/86 - Run #2-I

PBINIT- 30.95 PBFINL- 30.2 PACIN--27.8 PACFIN- 0
VCLFa 2074.1 PINIT* 3.15 PFINhAL- 30.2 TEMPIN- 48 T14FL- 68
ASSI - .0792 ABS2 - .1648 ABS3 a .2684 ABS4 - .3552 % MOIST = 11.7
Kc- 727.979 ABSORB w .0985 DILFAC a 1 02 - 8.85 02std - 7

CONCENRATIM COF NOC AS N02 (DRM) MIA w- 179.265
CMMTRATICN OLF NO AS 1402 (DRY)LS/bS1CF- 6.07141E-06
CWCEWPATION Or NOX AS N02 (DRY) PP4 - 50.9491

WCUITATION OF NOC AS 1402 (WET) PP4 - 44.9881
WXC OF NHO AS NO02(NLYW) TO 7 % O2)LB/b8M - 7.00353E-06

C=. O4TF NX AS N2 (Cr O TO 7 % 022 (DRY) PPK a 58. 7712

SFILE:256 LAB#: 25-6 COMM1ENT N•REMI/USAF Fuel Tank Fom burn at TRC-1/86 - RUN #2-2

PBINIT- 30.95 PBFINL= 30.2 PACIN-28.3 PACFIN- 0 ,
VaF- 2032 PINIT- 2.65 PFINWLA 30.2 T rPIN- 51 TEMPFLow 68
AB81 - .0792 ABS2 - .1648 ABS3 - .2684 ABS4 ; .3552 % MOISTI 11.7
•c a 727.979 ABS(SO - .5365 DILFPC a 1 02 - 8.85 O2std 7

4CNCN4TRATICN OF NHO AS N02 (DRY) MICRGRAAMS 976.402
CMICUATION OF NHO AS N02 (DRY)LBS/U5CF- 3.3104E-05
WCPENTVATICH OF NOC AS N02 (DRY) PPM a 277.797
COCENTPATICtN OF NHO AS N02 (WEr') PP9 245.295

C OF NOX AS NO2(CMROAT TO 7 1 O2)LB/DSCF - 3.81864E-05
0CNC OF NOX AS N02 (C1R1W TO 7 % 02) (DRY) PPM - 320.447

FILE:266 LABI; 26-6 COMMENT: NMERI/USAF Fuel Tank Foam burn at TIC-1/86 - Run #2-7

PSINIT- 30.95 PBFINL- 30.2 PACIN--27.7 PACFIN- 0
VCLF- 2035 PINITs 3.25 PFINAL- 30.2 TFN4PIN- 50 TEMPFL- 68
A881 - .0792 ABS2 a .1648 ABS3 - .2684 ABS4 a .3552 % MOIST 11.7
Kc - 727.979 ABSORB m .3495 DILFAC s 1 02 a 8.85 O2std - 7

CMCE3(NRATICN OF NOX AS N02 (DRY) MICr1OMGRF- 636.072
0C•:ENTRATION OF NO AS N02 (DRY)LBS/0CF 2.2036E-05
COCNRATION CIF NOXK AS H02 (DRY) FPPM -184.918
COICENRMTION OF N(OX AS N02 OWMT) PPK 163.283
0=N OF NOX AS N02 (CORC TO 7 % 02) LBA/S w 2.54191E-05
OW( O]F NO)C AS N02(CO==TO 7 1 02) (DRY) PPM-w 213.308
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AMWt1O•N SERVICES ASSOCIATES ANALYSIS CF NOX EMISSICWS

C1LINT: N14 •£EXICO ENGINEERING RESEARC INSTITUE/UASF E.P.A. METOD 7

LCATIN: TEST BURN FOURM IN 75P INCINRATOR [DTE: 1/24/86

FILE-:276 LAB#: 27-6 COMENT: NMERI/USAF Fuel Tank ?omn burn at TRCW-/86 - Run 12-4

P93NT- 30.95 PBFIN- 30.2 PACIN--28.1 PACFIN- 0
VU,' 2030.5 PINIT- 2.85 PFZltV,- 30.2 TMIPIN- 50 TM4PFL- 68
ASS1 - .0792 ABS2 - .1648 ABS3 - .2684 ABS4 - .3552 M MOIST - 11.7
Ic - 727.979 ABSORB - .556 DILFAC - 1 02 a 8.85 O2Std 7 7

TI2ENITRATICN CF NC0€ AS N02 (DRY) MICIORAMSU 1011.89
0CII=WTTICN CF NCO AS N02 (DRY)LLS/DSCF. 3.460053-05

CIK TRATION OF NOX AS N02 (DRY) PPM * 290.356
MCRO•WRA'ITMIO ý NM AS N02 (WaT) PPM - 256.384
OCW r NOK AS W02(CRET TO 7 1 02) LB/DSC - 3.99127E-05
0CNC Ca NOX AS N02(OORFW= TO 7 a 02) (DRY) PPH - 334.933
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NITROGEN OXIDES TERMINOLOGI

VOLF, Vf Volume of flask and flask valve

PINIT, P, Initial absolute pressure of flask, inch Hg.

PRINIT, P i Initial barometric pressure. inches Hg.

PACIN, P a Actual pressure of flask, initial. inch Hg.

TENPIN, T - Initial absolute taeperature of flask. R

PYINAL, Pf Final absolute pressure of flask, inches Mg.

1171111, Pbf - Final barometric pressure, inches US.

PACFIN, Paaf Actual pressure of flask, final, inches Hg.

TDWYFL, Tf Final absolute temperature of flasko R

TSTD, Tt - Standard temperature, 328 A

PITD, Ps - Standard pressure, 29.92"inches Mg.

VOLSTD. V% - Sample volume at standard conditions (dry basis) ul

ABSORI, A - Absorbance of Sample

AB31-49 An m Individual absorbances of known standaids

DILFAC, F - Dilution factor (required only if sample dilution was needed to
reduce the absorbtion into rate of calibration.)

-KC, K - Calibration factor

mi, m - Mass of NO2 in gas sample, microgram.

02, 02 - Oxygen in gas sample, Z.

Cl, C - Concentration of NO, as NO (dry basis) lb/docf
6.243 x 10" - Conversion iactor to obtain lb/dscf from micrograxs/ml

C2, C' - Concentration of NO_ as NO?, (dry basis) parts per million by volume
523.891 a Conversion factor to obtain ppm from micrograms/ml

16.243 x 10-5 lb/dscf)/(microtram/ml)
(2.59 x 10- lb/d'scf4ppo) (46.61)

SC3, C3 - Concentration of NO, as N02 (corrected for 02) lb/dscf

C4. C4 - Concentration of NOx 8s N02 (corrected for 02) (dry) ppm

HOIST, MOIST- Percentag* moisture in stack gas

C5, C5 - Concentration of NOx as NO02 (wet) ppm
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k4ITRUIM OXIIES
EQAI~CMS 11 CNWJLATIOU SE

Ul + 211d + 3110 + 4h4)
*Ka 100X

(A1PA1 + A2'A2 + AJIGA3 + M'M)

Tstd
I . V3C - - (Vf-VO) C(Pfm~) - VPI/r))

fttd

- 17.64 (Vf-25n1) ((Pf,$rf)-(Pi/T1))

3. K1 - 2KcAF

4. Cl a 6.243 E-5 (Mi/Vc)

5. C2 - 523.891 (N1IuVc)

6. C3 - Cl ((20."-2 S,''d)/(20.9-o2))

7. C4 - C2:((20.9-02 Sbd)/(20."-2))

8. CS - C2 (1.0-(HbiSt/1OO))

15049 aei.Red Road, Suits B ellevue, fthington SOM 0%5 14151)
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PROCEDURE

(OXIDES OF NITROGEN)

Stack gas sampling equipment designed by the United States Environmental
Protection Agency (EPA), Office of Air Prograus was used on this evaluation.
A schematic of the sampling train is included in this report.

The sampling train was prepared and operated as follows:

25m) of absorbing solution (2.8m) HSO, and 6.l 3i MI to 11iNO)
was pipetted into a sample flask. The'flask was ev uted tou Inches ofmercwy absolute pressure or less. The pump valve was closed and themanometer checked for fluctuations in mercury level. With no fl;,ctuattonnoted over a one minute time span the flask volute and temperature wererecorded along with the barometric pressures. With the flask and pump valvesin the purge position the probe and vacuum tube were purged using the squeezebulb. If condensation occured In the probe and flask valve area, the probewtsheated until the condensation disappeared. The flask pressure was then
measured. With the pump valve closed the flask valve was opened to allow thesample to enter the flask until the pressure in the flask and sample line were
equal. If sufficient oxygen was not present in the stack gas to convert NO to
NO additional oxyen was added. The valves were then closed and the flaskwai shaken for 5 manutes and then allowed to set for at least 16 hours. Afterthe 16 hour period elapsed, the flask was shaken for 2 minutes and the flask
pressure, flask temperature, and the barometer pressure were recorded.

104
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SN4PLI CL&M+4JP AM~ ANMLYSM
(OXIDES Or NITROGEN)

* After rinsing the flask with two .5 al portions of distilled water and
Oddin the rinse to the sample, the pH was adjusted to between 9 and 12
using 1 H sodium hydroxide. The amp~le was then transferred to a
polyethylene storage container for shipment. A blank containing 25 ml of
absorbing solution was taken and treated In the same manner.

Ume aemple were diluted to a known volume (50 al). An aliquot (25 ml) was
taken and evaporated on a steam bath In a porcelain evaporating dish to
dryness and then cooled.

Phenoidisulfonic acId solution (2 ml) was added to the dried residue and
thoroq~hly triturated with a polyethylene policama. One milliliter of
distilled water and 4 drops of conc~entrated sulfuric acid ware added. The
samples were then heated for three minutes with occasional stirrirpg on 'a
steamboth. After cooling, 20 milliliters of distilled water was mixed

traotheampe a th pl adustd t 10with concentrated &areinium
hydrxide.' If the awls contained solids they were filtered out with a
k~atmni No. 41 filter paper. 7he samples were then quantitatively
tranferred and diluted to 100 mis. in a volumetric flask.

The aborbance of each sample was measured at the 'bptimmn wave length
(approauimitely 410 ia) using the blank as a zero. The total quantity of
MOx (as N0)2) for each sample was determined from a graphi plotted fromn using
suitable standards. The standard line was positioned by statistical
calculations.
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MURICAN SDRVICES hSSOCIATES E.P.A. METHOD 5 PARTICULATES

J0 NAME: UNIVERSITY OF NEW MEXICO ENGINEBRING RESEARCH INSTITUTE / USAF

PIZPAIED BY: W. D. SNOWDEN DATZI 1/24/86

SBOJICt FUEL TANK FOA•4 C-75P PILOT INCINERATION PROJECT - RUN 01

VOLN4 n 31.034 PBAR * 30.95 DELTA K a .996 TH in 70.3 LAB 1 w18-6

fmN 31.0232 VOL(STD) , 32.1541 VOLU20 - 114.3 Y, 1.0036

COA 10.05 C02 + 02 * 18.3 C02 + 02 + CO o 18.3 02 a 6.25 CO - 0
VOW - 3.3801 WD a 29.938 PS w-.03 PON o 30.9470 CP a .854

N 1* 4.3339 7F a .856661 TW w 28.2266 CD a 1.01273 CS - .983255

Al * 17 A2 a 0 AS - 1.57625 T , 54 DR u .665 PT w 213.4 N a 10.05

ago Vu TS KA OCS Vu TB MA

1 .02 2034 7.06258 2 .02 1236 5.627523 .023 1262 6 29133 4 .026 2072 0.7311S .025 2472 6.56154 f .027 2472 8.69742
7 .032 2472 9.68628 , .03 2260 9.033279 .032 2472 9.68628 10 .036 2274 9.9208911 .036 2472 10.2739 12 .036 2472 10.2739
13 .033 2472 9.83646 14 .032 2373 9.5213515 t032 2106 9.0,157 16 .033 2146 9.2735117 003 2318 9.12908 Is .032 2421 9.60167

START/ TIME - 1433 STOP TIME m 1528 FLBZJ -, 186

%A a 8.9262 TO . 2233.78 VO - 22.0131 60 - 2081.69 Q8 w 361.582

VX a 2•3.6904 1[ 10"7.619 CO ,a .102207 C a .122038

PM ,, .316751 PHRR - .340902 PNRAVG , .328826 C' • .126684
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ANERICAN SERVICES ASSOCIATES PARTICULATE CALCULATION

CLIENTi UNIVERSITY Of NEW MEXICO ENGINEERING RESEARCH INSTITUTE / USAF

LOCATION: THERMAL REDUCTION COMPANY C-75 FOAM TEST BURN

SAMPLE DATE: 1/24/96 ANALYSIS DATE: 1/27--31/86

RUNO #. 1LAB If18-6

1. EVAPORATION OF 182 al OF ACETONA RIN4SE AND (B)
BRUSHING OF NOZZLE, PROBE AND GLASSWARE BEFORE FILTER.

FINAL 80321 mg - TARE 80246.4 ag
- BLANK (( 8Z-03 mg/mi) ( 182 al) -1.456 mrg) 73.144 mg

II. FILTER CATCH - FILTER MSA11069H -NUMBER 15-6 (c

FINAL 502.3 mng - TARE 362.1 mg 1.40.2 mcq

VI. BACKUP FILTER CATCH - MEDIA TYPE MSAL106SH - NUMBER 1.9-6

FINAL 365. 3 ing - TARE 365. 2 mg .1mg

VII. TOTAL PARTICULATE a SUM OF ABOVE 213.444 mg

aLA4KS

ACETONE (FINAL 81738.5 mg - TARE 81737.7 ag *.8 mg)
/100 ml - BE-03 mg/mi
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AMERICAN SERVICES ASSOCIATES R.P.A. METHOD 5 - PARTICULATES

JOB NAME: UNIVERSITY OF NEW MEXICO ENGINEERING RESEARCH INSTITUTE / USAF

PREPARED BY: W. D. SNOWDEN DATE: 1/24/86

SUDJECTt FUEL TANK FOAM C-?SP PILOT INCINERATION PROJECT - RUN #2

**************** * ****** *a****t *****A*** **** * ***

VOLM w 31.814 PEAR - 30.95 DELTA H a 1.053 TH a 74 LAS # m13-6

PM a 31.0274 VOL(STD) " 32.7383 VOLR20 w 92.2 Y- 1.0036'

C02- 9.6 C02 + 02 - 18.45 C02 + 02 + CO a 18.45 02 - 6.85 CO a 0'

VOW , 4.33985 WD a 29.89 PS a-.03 PB3 a 30.9478 CP w .854

K a 11.7046 lIP a .882954 WW - 28.4983 CD w 1.00709 CS a .983255

Al - 17 A2 a 0 AS a 1.57625 T m 54 DO - .665 FT a 482.3 K - 9.6

One VR TS KA 0a3 VI T9 KA

1 .03 2472 9.3787 2 .04 2472 10.8296
3 .04 2472 10.8296 . 4 .038 2472 10.5554
5 .036 2472 10..SS34 6 .03 2472 9.3787
7 .04 2472 10.8296 8 '.03 2472 10.2739
9 .04 2293 10.4938 10 .04 2472 10.8296
11 $04 2472 10.8296 12 .042 2383 10.9273
13 .044 2425 11.52 14 .044 2137 10.6896
15 .04 2317 10.$5395 16 .042 1997 10.1084
17 .042 2126 10.4217 16 .04 2472 10.6296

START TIME a 1717 STOP TIME * 1814 FILE * 196

KA • 10.5,183 TS 1 2381.67 VO - 25.8893 00 - 2448.48 08 - 415.492

VN * 24.66i73 1 - 95.3572 CO - .226873 C - .283591

PNRC , .8C7936 PARR * .770463 PNRAVG * .7892 C6 u .277001
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AJI4RICAN SERVICES ASSOCIATES PARTICULATE CALCULATION

CLIENT: UNIVERSITY OF NEW MEXICO ENGINEERING RESEARCH INSTITUTE / USAF

LOCATION: THERMAL REDUCTION COMPANY C-75 FOAM TEST BURN

SAMPLE DATEt 1/24/86 ANALYSIS DATSt 1/27-31/86

RUN # 2 LAB 1 19-6

I. EVAPORATION OF 200 ml OF ACETONE RINSE AND (1)

BRUSHING OF NOZZLE, PROBE AND GLASSWARE BEFORE FILTER.

FINAL 76336.5 ag - TARE 76170.4 mg
- BLANS (( 83-03 ag/mi) ( 200 ml) - 1.6 wig) - 164.5 mg

I1. FILTER CATCH - FILTER MSAII6OBH - NUMBER 13-6 (A)

FINAL 678.1 mg - TARE 360.9 mg - 317.2 mg

VI. BACKUP FILTER CATCH - MEDIA TYPE MSA1IO68H - NUMBER 1-6

FINAL 160 mg - TARE 159.4 wig - .6 mg

VII. TOTAL PARTICULATE - SUM OF ABOVE - 482.3 mg
- - -- - -- - - - - -- -- - - ----------

BLANKS

ACETONE (FINAL 81738.5 mg - TARE 81737.7 mg m .8 wg)

/ 100 ml - 89-03 m"/ml
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American Services Associates~uCon sulItants In Air, Water, Energy, Hygiene&I Managemnent

March 31, 1986

PURPOSE

This atmospheric emission evaluation was performed for the NEM ME~XICO

DEC3ThERING RESEARCH INSTITU.TF (NME4RI) on a CNSUFAhT, Model C760, municipal

solid waste WKQ) incinerator to perform a demostratlon burn on foam used in

the fuel tanks of UNITrED STATES AIR FORCE (USA) planes. The foam, is

utilized as a static electricity eliminator and sloshing inhibiltor. . The

incoinerator was operated by and located at the TtICN4AL FEDCTl. COMWANY

C'M) plant In Bellinghami, Washington. The tests were performed in

=cardance with the prtxedures and sampling equipment deseribced 1',rein and

the UNITlED STATES IE4VIWZ*lD11AL PRO=TION AGENC (EPA). Ms. Julie

evauation project. Mr. 14ike Lee of NMERI was the Client Project Manager

and apreentd th U~h onthis evaluation project. Motasers. Wesley D.In~nadloasW aetn of AMERICANq SERIWCES ASSOCIATES (ASA)

SU44ARY

Particulate emissions were found to be 0.098 grains per dry standard cuhic

foot (gr/dscf) corrected to 12% carbon dioxide (a)2) less the auxiliary fuel

(X)2 contribution, 1.64 pounds per hovur (lb/br) and 0.19 lb/l00 lb charged

(i.e. foam plus cardboard) for the for the last two (2) of three (3) samples

Collected. Nitrogen oxides emissions were found to be 0.39 lb/WTU~ heat

input (ie smng1,0 TU/lb for foan and 7900 13TU/lb, for cardboard)

aid 3.04 lb/hr. cyanide em:ssions ware found to be 1 ppitv arid 0.02 lb/hr,

ftWesleK Snowden, P.E.

15049 Bel-Red Road, Smtolek B5Iellevuc, Washington 9800w (206) 641.5130
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EDISCUSSION

This test was performed on a full-scale operational mrnicipal solid waste

(m5) incinerator burning waste foam (i.e. foai installed inside the jet

fuel tanks •hich is used to minimize static electricity and sloshing of the

fuel) which is generated by the UNIT¶ED STAI1 AIR FIOWE (USAF). During the

first sample collected on 3/3/86, the CCNSULT, Model C760 municipal solid

waste •(MSW) incinerator was adjusted with relatively less primaLy chamber

air, relatively less auxiliary fuel in the afterburner and relatively more

.air in the aftorburner to minisi•e the rapid turning rate of the foam upoI

first placement in the incIneratot.

"*hese atmospheric emission tests were performed to evaluate the feasibility

Of cambuating the UNITED SThTES AIR FORCE (USK?) waste fuel tank foam in a

commercially available incinerator %ihle meeting the air pollution emission

standards. The tests performed on this project were perfo.med in accordance

with current UNIITED STATES ENVIEA4WWAL Pl 1I00 AGENCY (EPA) sampling

procedures and equiLpentý. The results of the eission tests performd o

this p0oject are shown in Table A2.

TablN A2. NWII/USAJ Foam Ieinelrator Wiosion Test Q TIC 3/86

Ox~centratlon MASS 1111 t aA2!
1 1 K5 ~0.159 gr/b1cw .4I~

I / 7O 70 l•mu 1.99 lb/hr
I / CYANkUB 1 ppa 0.02 lb/hr

2 / 45 0. 089 gr/cdlaf 1.65 lb/hr
2 /NOX 131 pp 4.06 ib/hr

2 / CYANIDE 1 ppu 0.02 lb/hr

3 H MS 0.108 gr/dscf 1.64 lb/hr
3 /NOX 112 ppa 3.06 lb/hr

3 / CYANIDE I an 0.01 lb/hr

Avg/M5(12g|3) 0.098 gr/dscf 1.64 lb/hr

Avg/NOX(Il,2L3) 104 ppm 3.04 .lb/hr
Avn CYANIDIE 1 gM 0.02 .b I b-

*Aerage ewniasions an beused to project dally emissions
assuming the NV9RI1USW incinerator operates 8 hours/day. The
particulate emissions are 13.1 pounds per day, nitrogen oxides
emissions are 24.3 powxis per day and cyanide emissions are 0.2
pounds pe: day.
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hese tebts were performed at the maximumn burning rate of the foam at which

the CNMSWAnT C760 MW incinerator could burn the fomm without creating

unacceptable smoke emissions just after charging of the incinerator. The

burning rate resolved from trial burns on the previous Friday (i.e. 2/28/86)

burns of the incinerator resolved that one box of waste USAF foam (i.C. 50

pourods of foam plus 90 pounds of cardboard storage container) could be

burned at 7.5 minute intervals. Adjustments during Run #1 in the air and

auxiliary fuel which are described above make Rin #1 unrepresentative. Run

V's 2 S 3 were therefore used for determination of thie average particulat,

emissions, The burning rate resolved for the three (3) sar.ples collected on

this project was held constant and incljded;

- 400 pound of wasce USAF foam per hour

- 480 pounds per hour of cardboard

880 pou•ds of foam pbjs container per hour

AS% performed three (3) emission tests for each of the parameters evaluated

on this project. The operating conditions or -se incinerator were monitored

by WMI and audited by the ASA Project Manager. One (1) eight-hour day of

deewstration incinerator operation at the selected burning rate was

utilized to perform this emission testing )roject.

T•he operating parameters monitored by NMERI and audited by ASA are shown on

the Incinerator operating Log included in the Appendix c' this report. The

time of charges, average weight per charge, temperature of the primary and

secondary chambers were monitored during the exhaust gas sampling. 11le

average auxiliary fuel consumption for each incinerator at the TRC plant

over the immediate past month was utilized to determine the average natural
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gas consumed during operation of the incinerator during the demonstration

burn. The average natural gas or auxiliary fuel conmsumption for the

average incinerator was utilized because a gas meter was not installed on

the incinerator (i.e. the entire plant had one gas meter and seven (7)

incinerators were normally operating at any one time) utilized for this

demonstration burn.

Carbon dioxide, oxygen and carbon monoxide were measured with an Orsat

analyzer (nitrogen assumed as reaaining) and used to calculate the molecular

weight.of the exhaust gases. me gas samples were collected during the

Method 5 tests and from an outlet "Ti on the orifice meter of the Method 5

sampling train. The gas tests were performed according to EPA Method 3

procedures, including full stack traverses. An integrated bag of thA

exhaust gas which ASA collects fron the outlet of the EPA Method 5 sampling

train was collected dur'ing each sample and analyzed on-site. Nitrogen

oxides were sampled because nitrogen is one of the components, in the waste

foam. A description of the foam is shown in Table A3.

Table A3. USAF/NMERI Jet Fuel Took roam Description
Decpt- Descriptori Vlue nib atcaValue
Density 1. ii3b/cubic-oot.
Heating Value 13,000 WI/cubic foot
Moistire 1.1 % by weight - wet basis
Volatile Content 98.2 % by weight - dry basis
Ash Content 0. 1% by weight - dry basis
Fixed CarLxon 1.7 I? by weight - dry basis
Carbon 64.4 % by weight - dry basis
Hydrogen 8.1 1 by weight - dry basis
Nitrogen 8.0 1 by weight - dry basis
Sulfur 0 1 by weight - dry basis

Cyanide emissions were sampled on this emission testing project because a

significant amount of nitroen was present in the fuel. It was h'pothesized

that the nitrogen could: becone fired with carbon in the prcoess of

combusting the foam thereby producing cyanide. The stack emissions of

115 1

J -. I



cyanide were found to be I ppm on a volume basis (ppmv). The threshold

limit vakue (TLV) for workers exposed to cyanide for eight hour periods is

4.5 ppw and the expected concentration that persons could be exposed to for

24-hour periods is approximately 1 ppmv. Therefore, the cyanide emissions

from the exhaust stack of rhe incinerator when burning the foam is within

the I ppmv expected allowable concentration that a person could breath for

24-hour periods. Persons will not be exposed to the incinerator stack

Omissions directly (the maximum exposure to persons at ground level is

expected to be less than 1/1000 of the stack concentrationl. Cyanide

emissions are considered insignificant from this incineration process.

The GEORGIA ENIVIRO*mErAL PRoK rIC4N DIVISICN (GEPD) projected, atmospheric

emissions are listed in Table A4. The-emission standards are dependent upon

burning rate and location of the permanent incinerator. Feissions reported

can be compared to the lwest projected GPD emission standard.

Table AM. USAF Fuel Foam Incinerator Emission Standards 0 GEPD
Po1lutant PD Projected Wision Standard
Particulate 1.0 lb/hr if burning less than. 500 lb/hr

"0.2 lb/100 lb charged if more than 500 lb/hr
Nitrogen Oxides 0.5 lb/million BTU heat(i.e. waste) input or"C Calculated based upon dispersion modeling

"(Ref. Mr. John Yntema @ (ZPD (404)656-4867)

The foam waste as described in Table A3. is basically the equivalent of

diesel oil on a heat content per pound basis- but the foam is markedly

Cifferent on the basis of density. 7he challenge on this demonstration

pCoJebt was to determine the charging procedure for the foam-waste that will

allow a high heat content and low density waste to be burned completely.

Ccmmercial incinerators are not set-up to burn high BiTU and low density

waste. A incinerator with I) a largc and frequently-operated ,,urtrixlic

charging system, 2) a relatively small and air-tight primary chamber and 3)

an overizcd afterburner were ottempted to be set-up on this foam hurnino

demonstration project to most completely burn the foam.
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The incinerator utilized for this project was operated by TIC. The

incineratoi was a OONSUMAT, Model C760 incinerator %hich is classified as a

Ountrolled-Air Incinerator with an afterburner to complete combustion of the

vaporized gases from the primary chamber. The burning rate resulting was

400 pounds of fuel tank foam per hour. No emission control was provided on

the emissions reported herein.

An ignition test on the Run #2 particulate collected on- the filter was

performed to determine if the material collected on the front-half ofr the

EPA Method 5 sampling train was combustible. The front-half sample lost 1%,

3% and 2% of its beginning weight upon temperature increases to 300, 500 and

900 degrees Fahrenheit for Run 2. The ignition test indicates that little

of the particulate collected was combustible and therefore that the

emissions coming from the demonstration incinerator were relatively

completely combusted.

The hydrocarbon and lead emissions from this emission test are, shown in
Table AS. The hydrocarbon includes the hydrocarbon condensed in the
condenser section of the EPA Method 5 particulate sampling train and the

gaseous hydrocarbon collected from the outlet of the .supling train. Silica

gel was not utilized in the condenser of the EPA Method 5 samplin§ train to

allow more accurate gaseous hydrocarbon collection. Table AS illustrates

that the gaseous hydrocarbon fraction constituted 97% of the hydrocarbon

found on this project. The hydrocarbon is reported as "acetone" which was

identified as the major hydrocarbon found in the samples.

The lead was analyzed frnwithe particulate collected in the "front-half" of

the EPA Method 5 particulate sampling train. The absence of lead in the

samples may be due to burning predominently non-fuel exposed foam during

this foam burning demonstration.
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Table A5. LELI/USAF Foam Hydrocarbon & Lead Emissions 3/3/86

)0 ~.LL.~4!i.4,armceL E MR (lkr
] ~~~~~Run "q/Emission Parameter r.{r/sf

Il/Hydrcarbon -M50.00.0
I / Hydrocarbon - Gas 0.016 0.55
1 /Lead BDL* BDL*

2 / Hydrocarbon - M5 0.000 0.02
2 / Hydrocarbon - Gas 0.006 0.23
2/ Lead BDL BDL

•"3 / Hydrocarbon - M5 0.001 0. 02
S3 / Hydrocarbon - Gas 0.023 0.77

Avg Hydrocarbon - M5 0.000 0.02
Avg Hydrocarbon - Gas 0.015 0.52
Total Hydrocarbon 0.015 0.54SA ! Led SOL6 BDL

'Wrefers to the analyses not detecting the efement desired
or the results were below the detectable limit of the analysis
procedure.

Ibis report is arranged hereafter in a manner in %hich the data can be Wost

reelilyused as follows:

- *EPA Method 5 Summary" Za summary of test results).

- "Terminology & Equations" used in calculating the results

- OProcedure" illustrating how sanples are typically collected

- =PR Calculation" illustrates how calculations are performed for

rin-isokinetics.

- *'PA Method 5 Particulate Sampling Train" schematic illustrates parts

- '*lean-up and Analysis" procedures utilized on this project

- N•X (EZPA Method 7) "Analysis of NOX Eissions" Computer Printouts

- IWX Terminology & Equations

--NOX "Procedure for Sampling

- 'EPA Method 7 Sampling Train" Schematic

- EPA Method 7 (NOX) "Sample'Clean-up & Analysis Procedure

- "Cyanide Emission Calcuiations" per NIC•II P&CAM 116

- ATTACOMENT I
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- ATTACHMENT 1 CONTENTS

- "EPA Method 5-Particulates" calculation sheet utilizes field traverse

data sheet for input to the computer with one output sheet per Run

- "Particulate Calculation" utilizes laboratory data and calculates total

particulate with one sheet per Run and sequentially placed with the above

- "Incinerator Cperating Log" contains charging loads & charging rates

- "Traverse Sampling Data Sheet" contains data collected from the field

- "Calibration Records" of the equipment utilized on this project.

Spot calibrations are performed before and after the field work. If

within 2%, no changes are made in the calibration records.
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AMERICAN SERVICES ASSOCIATES E.P.A. METHOD 5 SUMMARY

CLIEN#T: NEW MEXICO ENGINEERING RESEARCH INSTITUTE /USAF

SAMPLING LOCATION: FUEL TANK FOAM DEMO BURN IN C760 INCINERATOR AT' TRO

RUN #I1 RUN # 2 RUN 1
-3/3/86 3/3/86 3/3/q8'

LAB NUMBER 66-6 67-6 6-

24 HOUR START TIME 1109 1440 1620

24 HOUR STOP TIME 1224 '1528 1708

ELAPSED SAMPLING TIME, MIN 72 40 48

VOLUME SAMPLED, CU FT 40.785 30.904 26.655

VOLUME SAMPLED STANDARD, CU FT 41.6795 31.6593 27.2696

MOISTURE CONTENT OF1STACK GAS, % 13. 4834 13.6807 17.336.!

MOLC WIT OF STACK GAS, LB/LB MOLE 27.8712 27.8881 27.44Yý

STACK PRESSURE, IN HG 30.9563 30.9563 30.996-1

PITOT COEFFICIENT .825 .825 .854

VELOCITY OF STACK GAS, FT/S9C 22,-,4948 26.2571 23.8967;

STACK ARIA, SQR FT 10. 0847 10. 0047 10.0847

STACK GAS FLOW RATE, ACTUAL CU FT/MIN, WET 13611.2 15887.7 14459.1ý

TEMPERATURE OF STACK, DEG F 1161.58 1257.21 1246.1:

STACK GAS FLOW RATE, STD CU FT/MIN, DRY 39.67.15 4362.83 3832.06

DIAMETER OF NOZZLE, INCHES .515 .515 .515

PERCENT IsoxrNETIC OF TEST, % 101.726 105.393 103.3',ý-

WEIGHT PARTICULATE,COLLECTED, MG 200.4 88.2 36.9

PARTICULATE CONCENTRATION, GRAINS/STD, CU FT .0740451 .0429031 .04907'

PERCENT C02 OF STACK GAS FOR 12% CORRECTION 5.62 5.93 5.55

PART. COlIC AT 12% C02, GR/STD CU FT .158103 .0868191 .106109

POLLUTANT MASS RATE (CONC. METHOD), LB/HR 2. 51771 1. 60431 1 -6 111

POLLUTANT MASS RATE (AREA RAT. METHoD), LB/HR 2.56131 1.69092 1.66r

POLLUTANT-MASS RATE (AVERAGE OF ABOVE), 1.8/HR 2.53951 1.64762 16F-,

*PARTICULATE CONCENTRATION (CORRECTED) .159464 .0891582 .1079F11
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PARTICUL'!A T E CONCENTRATION AND PMR CALCULATION TERMINOLOGY

(Page 1)

VOLM, VOLm (Vm) = Dry gas meter volume @ meter temperature and pressure, dry-acf

PM, Pm (Pbar +41L8, Dry gas meter pressure (recorded as inlet deflection across

orifice meter) - "1ig

PBAR (Pbar) - Barometric Pressure 0 sampling site (inches of Hg)

TM, Tm (Tm) - Dry gas meter temperature (average of inlet and outlet) - OF

(Use OR - 460 + OF in equations)

PSTD, PSTO (Pstd) = Standard atmospheric pressure, absolute - (29.92 "Hg)

TSTD, TSTD (Tstd) Standard temperature, absolute - OR

VOISTO, VOLSTO D Standardized g~s that passes through the sampling train -

(Vm(std)) cubic feet, 70 F, I atmosphere pressure, and dry

VOLW, VOLw (Vw(std)) Volume of water collected (expressed as vapor at standard
temperature and pressure) - scf

VOLH20 (Vic) * Volume of H2 0 collected (expressed in milliliters)

M, %M (100 B ws) = %water, calculated from amount the train collected in impinger,

bubblers, and on silica gel

MF (1-8 WS) a Mole fraction of dry gas

WD, Wo (Md) a Molecular weight of dry stack gas - lb/lb mole

WW, Ww (Ms) M Molecular weight of wet stack gas - lb/lb mole

Wa (*) - Molecular weight of air (28.95 lb/lb mole)

CD, CD a* - Velocity correction coefficient for gas density at STP

PSN, PSN (Ps) a Stack pressure (static + barometric), absolute - "Hg

CS, CS ) Velocity correction coefficient for stack pressure

VH, VHn (0P) Individual pitot tube pressure differential readings - inches
water

n (*)- Number of velocity head readings

VO, Vo (Vs) - Stack velocity @ stack conditions - fps

QO, Qo *) Stack flow rate at stack conditions - acfm

TS. T (T S ) Average stack temperature, absolute - OF (Use OR ='40 ,

S save)) OF in equations)

DELTA H (6H) Deflection on orifice flow meter when sample air flows throuq"
m1eter box (inches of water)
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PARTICULATE CONCENTRATION AND PMR CALCULATION TERMINOLOGY

(Page 2)

Y (Y) - Dry gas meter calibration factor

Qs, Qos QsoD) = Stack flow rate at standard conditions - scfmn (dry

T (6) . Time over which samaple was collected - minutes

VN, Vn (VS(std)) - Velocity of gdses inside nozzle during sampling, at STI' -fp.

I (1) = % Isokinetic (: 10% desirable)

CO, CO (Cs) - Particulate concentration - grains/scf

N (%(02) . %C02 by volume In stack (12 indicates no % CO2 correction is
to e made

TS. Ts (TSO) - Temperature of stack gas at each sampling point - OF (Use OR
460 + OF in equations)

C (*) Particulate concentration corrected to 12% CO2

PMRC, PMRc ( -) Pollutant mass rate - "concentration method" - lb/hr

PNRR, PMRr ( W) Pollutant mass rate - "area ratio method" - lb/hr

PMRAVG, W () Average pollutant mass rate - lb/hr

CPRIME, C' ( -) Particulate concentration corrected for non-isokinetic
sampling condition - gralns/scf

PT, PT (Mn) - Total particulate collected by sampling train - mg

Al, A2, As (A) - Area of stack - FT2  A2 = 0 if round stack

An (An) • Area of nozzle - FT2

DN (*) - Diameter of nozzle in IN?

CP, Cp JC) - Velocity correction coefficient for type pitot tube used -
dimensionless, normally 0.80 to 0.90 for "S" type pitct tube
and 1.0 for "P" type pitot tube

KA, K (a) = Average f`VH x T,

*Notation in parenthesis to the right of the ASA nomenclature is the equivalent
EPA 40 CFR 60 Method 5 notation

* Notation used by ASA for calculations not required by 40 CFR 60 Method 5
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'AlIT'rI.CIATIF. C(:Nc.iNTRA'IT0N AND PMR CALCULATION I(.QuATIONS

I . VOLSTI (Y) (VOL ) (P0ro)T TSill) I t. Vn - (VOI...sT ) (,s-rD) (T.")

(pSTD) (Tm) (HF) (TSTD) (PSN) (7) (AN) (60(

2. XM - (100)(VOL,) 12. 1 - (100) Vn/Vo

VOLsTD + VOLW *13. C - (0 0154) PT,!VOLSTD

3. mF - 100 - M
I00 1i. C -( C.)(12)

4" w - (Wd)(MF) + 18 (0-MF) .*15. PMRC - (C 0 )(qs)(0.0085715. c 4 - W / .
* 16. Phltr =PT)(Ks)6. C -/P ( (0.000132)

Cs VSTD/FSN T(An )

7. K a . T, nn x(. T Sn)/ 17. M " (PMRc + I'MRr/2n C

"*8. V - 2.9 (Ka)(Cp (CD)(CS) *18. C' . (•'i)(1400)/QN

9. Q - (Vo)(As)(60).

!0. Qo Of * On )(T STD) XPSO) Op.,

(' ) STD)

* UNITS FOR THE CONSTANTS USED ARE GIVEN BELOW:

8. 2.9 (FT )(INCHES OF H 20 x °R)-h based on Bernoulli's equation at STP and a
(-S-E-) molecular weight of dry gas of 28.95 and

english units.
13. .0154 grain/mg = (m )(7000 1r1inu)( Ib )(,. (Ml) (-Ib) '- (451-•,6)(100(0g)

15. .00857L ( min-lbs ) - (grains)(ft 3)(60 min)( lbs
(hr-grains) (f-tJY (MZn() (7000 -grains)

16. .000132 (lb-min) - (m)(fc 2
)( )( lb )(60 mi)

(m-hr• (mil (OO-)"I -0mg) (Z5"3.6g) T"'hr--T

MB. 1400 (hr-i !.u - (1 ,)(,,,m,)(,2)( hi )(7O.O rnn.t)

(miln-lb (hf) (f-t•)6(.0) (6 '
2

in) * if
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EPA MF=hOD 5 PARTICULATE SAMPLING TRAIN

Sampl_ Train Preparation:

A tared and labeled glass fiber filter was placed in a glass filter holder.
The filter (MSAll06BH) was desiccated and weighed to a constant weight to
the nearest 0.5 mg. The condenser section consisted of four glass
containers in series: one hundred milliliters of distilled-deionized water
in a bubbler; one hundred milliliters in an impinger; a dry bubbler; and, a
bubbler filled with approximately 500 grams of silica gel. All of the
containers were weighed to the nearest 0.1 gram. The sampling train was
assembled with connecting glassware so that sample gas would pass through
the filter, the bubbler, impinger, the dry bubbler and the silica gel
respectively.

A nozzle of a size that would allow for isokinetic sampling was selected and
cleaned. A probe and liner of appropriate length to traverse the stack was
chosen and the liner cleaned with acetone and a brush. The nozzle was
connected with a cleaned union to the probe and liner. The probe was
connected in front of the filter. A schematic of the sampling equipment is
included in this report.

A leak test was performed on the assembled sampling train. The leak rate
did not exceed 0.C2 cfm at a vacuumi of 10 inchet Hg. The probe was heated
and maintair, at or above 250 degrees plus or minus 25 degrees F. The
filter was heated and maintained at 250 degrees plus or minus 25 degrees F
to avoid -ondensation of moisture on the filter. Crushed ice was placed
around the condenser at the beginning of the test with new ice being added
as required to keep the gases leaving the sampling train below 70 degrees
F.

Sample Collection:

Sampling ports were selected and installed. The number of sampling points
was determined based on the number of stack diameters from any flow
disturbance to the port(s). The location of each sampling point was based
on equal areas within the stack.

The time at.each traverse point was dependent on the stack velocity and the
desired volume to be sampled. The probe was inserted into the stack to the
first traverse point with the nozzle tip pointing directly into the gas
stream. The pump was started and immediate]y adjusted to s,m-nple at
isokinetic veloc-ities. Equal tim(, wa; ;pe•:nt at: each time interval. The EPA
designed nomogcraph or equivalent- was - H., (i t-o ma int ii n isokinetic sampl.ing
throughout the saimpling peri•dc. A! tho conclusion ol the run the pump was
turned off, and a final leaK torst wiw pxrt()nried1 at the maximum VaCULm
incurred durinq- sampling. If th,, p-.<I-tost leak rate was found to be over
0.02 cfm the actual. leak rate was r e' r id
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PMR CAWIIUATICNS

lbe m'ight of the dust ( v(•ltlit, u - ind weiqhtý ()I dust per time were
cailculated using two proxedure,3s:

1) The Concentration Method

The concentration of dust entering the sampling nozzle is calculated and
then multiplied by the volumetric flow rate of the stack gases to obtain the
pollutant mass rate on a concentration basis (PMRc).

Concentration in Nozzle x Volumetric Flow Rate
Pollutant Mass Rate On Concentration Basis

(Pt/VCLstd) x QOs = PMRc

Assuming the nozzle velocity is greater than the average stack gas velocity
(Vn greater than VO), the calculated pollutant mass rate will be less than
the true pollutant mass rate because the heavier dust particles will leave
their velocity streamline and not enter the nozzle. If Vn is less than VO
then the calculated PMigc will be greater than the true PMR.

2) The Area Ratio Method

The weight of dust collected is divided by the sampling time and multiplied
by the ratio of the stack area to the nozzle area to obtain the calculated
pollutant mass rate based on the area ratio method (PMRr).

Weight Collected x Area of Stack Pollutant Mass Rate

Sarmple Time Area of Nozzle on Area Ratio Basis

(Pt/T) x As/An = PMRr

Assuming the nozzle velocity is greater than the average stack gas velocity
(Vn greater than VO), the calculated pollutant mass rate will be greater
than the true pollutant mass rate because the lighter particles in the dust
lade9  stream follow their streamlines and enter the sampling nozzle
resulting in Pt/T being greater than true. If Vn is less than VO, the
calculated PMRr will be less than the true PMR.

To obtain a more true pollutant mass rate, the two calculated pollutant mass
rates are averaged. The averaging of the two (2) offsetting calculations
allows some of the bias introduced because of non-isokinetic sampling
calculated by one method to offset the bias of the other method. The degree
of bias is related to particle size and density.
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CLEAN-U1 t. AWdyS;

Clean-ye of the modified PPA train wns performed by carefully removing the
h---O filter placed ahead of the condenser and placinj it in, a peiri dish
marked "Ftn X, Container A-l" and carefully removing the filter placed behind
the condenser and placing it in a petri dish marked "aun X, Container A-2".

Ieagunt grade acetone and per-clemed brushes ware used to clear the nozzle,
robe liner and pre-fliter glass. At leajt six (6) washes or more were
performed to achieve a clear wash for each individual wash of the nozzle,
probe and pre-filter glass. The wcttune wash was placed in a container marked
"Pun X, Container B-1". The same procedure was followed utilizing distilled
water and was placed in a container marked "am X, Container B-2".

he vowlume og water in the glass impingnr and bubblers (i.e. condenser) was
weighed in their respective containers to the nearest 0.1 gram. The silica
gel we weighed in a bubbler before and after the run. The original weights
in tU Impingers and bubblers were then subtracted from the final weights and
the d~i-.rewce added to the water weight gain of the silica gal. The total
waiht qain of the condenser section constitutes the amount of water collected

the run. The water irom the glassware and a water wash of the
glasmare and all post-filter glassware (not Incl.ding the silica gel
container) was performed ad placed in a container marked "am X, Container
C. An acetone wash of the condenser was performed following the water rinse
and placed in a container marked "*im X, Omntainer CO.

Aneldyj1 of the smles was pergotmed according to the following:

Fim X. Ontainars A-i & A-2: 1he perti dishes containing the filters and any
loos particulate was opened and plised, for at leost 14 hours, in a
desiccator containing anhydrous calcium chloride or its equivalent. The
filter was then weighed to a constant weight (i.e. two (2) consecutive
waighings at least fomr (4) hours apart which agree within 0.5 milligrams).
Masulta were reported to the nearest 0.1 milligram.

ho X. Containers 9-1 & B-2: The volumes were measured to the nearest 1
milliliter for the purposes of subtracting blank weights from the sample
weights. The B-1 acetone wash was transferred from the field container into a
tared beaker, evaporated at ambient temperature with charcoal filtered air,
desiccajed for at least 24 hours and weighed to a constant weight. The B-2
water wash was transferred to a tared beaker, evaporated at an elevated
temperature, desiccated for at least 24 hours and weighed to a constant
weight. The results were reported to the nearest 0.1 milligram.

Rm X, Container C - The volume was measured to the nearest 1 milliliter. The
organic particulate was extracted from the water solution with three 25
milliliter portions of Methylene Chloride. The Methylene Quloride extracts
were transferred to a tared beaker. •his solution was evaporated at ambient
temperature until no solvent remained. This was accomplished by blowing air
that had been charcoal filtered over the sample. The samples were then
desiccated for at least 24 hours and wuighed to a constant weight. The
results were reported to the nearest 0.1 milligram. After the extraction, the
remaining water was evaporated to dryness at 212 degrees F. The results w•re
repoeted to the nearest 0.1 milligram.

127



kim X, .Ontainer 0 - The volume was measured to the nearest 1 milliliter. The
aetone washings were transferred to a tared beaker and evaporated to dryness
at ambient temperaLure and pressure. The samples were desiccated for at least
24 hours and weighed to a' constant weight. The results were reported to the
nearest 0.1 milligram.

Blanks were taken on the acetone, Methylene Chloride, and deionzed water and
subtracted fram the respective sample volume. The filter paper used with this
mified EPA train was a Mine Safety Appliance 1106 8H, heat treated glass
fiber filter mat.
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AMERICAN SERVICES ASSOCIATES ANALYSIS OF NOX E4ISSIONS

CLIENr: NEW MEXICO ENGINEERING RESEAFCH INSTIIUTEASAF E.P.A. I-TL1C)O 7

LOCATION- DEMONSTRATION BURN OF FOAM IN C760 INCItERATOR DATE: 3/3/86

FIIZ.696 LAB#: 69-6 C41NT: NMERIiUSAF Fuel Tank Faam Demo Burn 3/86 - Run 11-1

PBINIT- 30.96 PBFINL- 30.34 PACIN--28 PACF7I,&-.9
Va.F- 2044.4 PINIT- 2.96 PfINRL- 29.44 TEDIN- 62 THMFL- 6e
ABSl - .122 MS2 - .225 ABS3 - .403 ABS4 - .542 % MOIST - 13.5
Krc - 756.975 ABSCRB - .246 DILFAC 1 1 02 - 12.2 02std - 7

CNC~tRATICN OF NCX AS 1402 (DRY) MICW=UfS- 372.432
C 1TRPATICN OF NWR AS 1402 (DRY)LBS/8CWP- 1.3031SE-05
0aCWPATITO OF NCR AS 1402 (DRY) PP4 - 109.356
CQ4MTPATION OF NOC AS H02t(WET) PPM - 94.5925
CCHC CF NOX AS N02O8 TO 7 % 02)LB/DSCr - 2.08204E-05
COCW OF NOX AS NO2(CORI== TO 7 % 02) (DRY) P114 w 174.717

FILE:706 LAB#: 70-6 COMMENT: NMERI/USAF Fuel Tank Foam Dewo Burn - 3/86 - Run 1-2

PBINIT= 30.96 PBFINL- 30.34 PACIN--26.7 PACFIN--.7
VCLF 2063.9 PINIT= 4.26 PF7DLL- 29.64 TEPIN- 60 TUMFL- 68
ARSI - .122 ABS2 - .225 ABS3 - .403 ABS4 - .541 1 MOIST = 13.5
K. - 756.975 ABSORB - .062 DILFAC - 1 02 - 12.2 O2std-- 7

C ZT ATION OF NCP AS N02 (DRY) MICROGRAMS- 93. b49
CCNWrPATICN CF N0X AS N02 (DRY)LBS/DSCFa 3.39834E-06
CaKT RATION CF NCR AS 102 (DRY) PPM - 28.5177
C'rPATION OF NOX AS 1402 (WET) PPM - 24.6678

CCI4C OF NOX AS N402 (COR E TO 7 % O2)LB/DSCF - 5.42954E-06
OCXC OF NOX AS 1402 (COIMCT TO 7 % 02) (DRY) PPM - 45.5628

FILE:716y LAB#: 71-6 CO•T.•q: NMERI/USAF Fuel Tank Foam Demo Burn 3/3/86 - Run #1-3

PBINIT= 30.96 PBE'INL- 30.34 PACIN--27.1 PACFIN--.4
VCLF- 2060.3 PINIT- 3.86 PFINAL- 29.94 TEfPIN- 60 T7WFL- 68
ABS1 - .122 ABS2 - .225 ABS3 - .403 ABS4 a .542 1 MOIST - 13.5
Kc - 756.975 ABSORB - .117 DILFAC m 1 02 a 12.2 02std a 7

CC•4CRTATICN LT NOX AS N02 (DRY) MICFC•tMS- 177.132
CaiaWrTATION OF NOC AS 1402 (DRY) LS/DWCF- 6.25E-06
Ca RATION or NOX AS 1402 (DRY) PPM - 52.4478
OCN•TPATION OF NOX AS 102 (WET) PPM - 45.3674
OCNC OF NOX AS N02(CMRF= TO 7 1 02)LB/DS ' , 9.98563E-06
CCNC CF NOX AS N02 (CORRWT1IE TO 7 % 02) (DRY) k,04 - 83.7959
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AMRICN SERVICES ASSWIATES A2PLYSIS P NCK EMISSICNS

CLIE4T: MW MEXICO ENGINEERING REMARM INSTITLUEAJSAF E.P.A. MTNOD 7

LOATION: DEMONSTRATICN BUM4 C FO.M IN C760 INCINERATOR DA.E: 3/3/86

FEZ:726 LAB#: 72-6 0*IE11: NRI/USAF Fuel Tank Foam Demo Burn 3/3/86 - Run #1-4

PmINIT- 30.96 PBFINL- 30.34 PACIN--27.5 PACFIN--.4
VaAP- 2068 PINIT- 3.46 PFINU- 29.94 TEMPIN- 60 TEMPFL- E
ABSi s .122 ABS2 = .225 ABS3 - .403 ABS4 - .542 % MOIST = 13.5
Kc - 756.975 ABSORB - .207 DILFAC - 1 02 - 12.2 M td - 7

;jCNCMTRATION (7 NOK AS N02 (DRY) MIFCGAMS 313.388
Ml MITMTION OF (HO AS H02 (DRY)LWS/DSCF- 1.08467E-05
M 3•.PATICN CF NOC AS N02 (DRY* PPM - 91.0218

CMXZWMFIATICN C7 NHO AS N02 "(WEI) PPM - 78.7'339
C (7C OF NCX AS NO2(CO W TO 7 % 02)LB/9SCF - 1.73298E-05
Ca=• CF NOC AS NO2( (CMMI TO 7 % 02) (DRY) PPM - 145.425
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AMERICAN SERVICES ASSOCIATES ANALYSIS OP NOX EMISSIONS

C:LIENT NEW MEXICO ENGINWRNG RESEAR INSTMTrKAJAF E.P.A. MELTOD 7

UrLATICN: M StATIZN RUWPN OF FM IN C760 INCINtMTOR DATE: 3/3/86

FUZ:736 LABI: 73-6 CCb 'T: NMERI/JSF Fuel Tank Foan Demo Burn 3/3/86 - Run #2-1

PBIIT- 30.96 1PFINL- 30.34 PACIN--28 PACFIW-. 4
VCLF- 2064.8 PNIlrT 2.96 PFIfJ.L- 29.94 TDMIN- 62 TDMPFL- 68
ABS1 a .122 ABS2 a .225 ABS3 - .403 ABS4 - .542 % MOIST - 13.7
Ka - 756.975 ABSORB - .128 DILFAC - 1 02 a 12.14 O2std a 7

CQ1MITRATICN Cf NCK AS R02 (DRY) MICKRAEu 193.786
CCN aUTION CF NCK AS N02 kDRY)LBS/DSCF- 6.59823E-06
CMICERMTICN C NOCK AS N02 (DRY) PPM - 55.2861
CMI=STRATICZ4 Or NCK AS N02 (WET) PPM - 47.7119
C=ICr NO AS NO2(CORRE"I" TO 7 % 02)UB/O"CF * 1.04539E-05
COIC C( NOC AS NO02(CMERCTE TO 7 % 02) (DRY) PPH a 87.7257

FILE:746 LAB#: 74-6 CCOENT: 14'ERI/UShF vuE TANK PM WDE 3/3/86 - RUN #2-2

PSINIT- 30.96 PBFINL- 30.34 PACIN-28 PACfI--.1
Val. 2075.2 PINIT- 2.96 PFINALm 30.24 TIPINl 62 TWFL- 68
ABS1 - .122 ABS2 - .225 ABS3 - .403 A3S4 - .541 % MOIST - 13.7
Kc - 756.975 ABSORB - .561 DLFPC - 1 02 - 12.14 02std - 7

CCUNNTRATION CF NOX AS N02 (DRY) MIMCIGRAi- 849.326
C TRATICtI CO NOX AS N02 (DRY)LES/D8CF- 2.84122E-05
CQCG IRTIC(N OF NC. AS N02 (DRY) PPM a 238. 425
COErRPATICN COF NOX AS M02 (WET) PPM - 205.761
CNC CF NOX AS H02( RWT TO 7 % O2)LB/08aC - 4.50832E-05
c0c= V2 NHO AS M12 ( M TO 7 % 02) (DIM) PPM - 378.323

• **********, ********,h.**,*,*.•***.*. Qt * .h*Q*Ot *Q****

FILE0758 LAB#: 75-6 COMMENT: WERI/JUSp' Fuel Tank Foam Demo Burn 3/3/86 - Run #2-3

PBfIIT- 30.96 PIBFIN,- 30.34 PACIN--27.7 PACFIN--.1
VCEl. 2091.7 PINITs 3.26 PFINRLw 30.24 TZIM , 60 TDWFL- 68
ABSI - .122 ABS2 a .225 ABS3 m .403 AW84 a .502 % MOIST * 13.7
(c - 789.503 ABSORB - .157 DILFAC - 1 02 - 12.14 O2std = 7

C(Iq2UIRATIC4 CF NOCK AS N02 (DRY) MICROGRAMS- 247.904
COlXlATICO CF NOX AS 102 (DRY) L8S/oGCF- 8.323411-06
OCIKITMATIQN OF NOC AS N02 (DRY) PPM • 69.8471
COMMURiTION COr HNC AS N02 (WE1') PPM - 60.2781

C fC Cr NOC AS O2 (CCRR2WT TO 7 1 02)LB/tDCF w 1.32072E-05
CCNC CF HNO AS N02 (C TO 7 1 02) (DRY) PPM a 110.831

131



ANERICAN SERVICES A&q=IATES AiALYSIS or NOX EIITSSIONS

(CLI•r: R MEXICO ENGINEERING RESEA1CH INSTITUTE/USNI E.P.A. METHOD 7

IDMTICN: EMONTMATION BURN OF FoikM IN C760 INCINERATOR DATI: 1/3//36

FfIb?766 L.AB: 76-6 Ccmmr: NMIEI/USAF Fuel Tank Facm Dew Burn 3/3/86 - Run 12-4

PUDOITa 30.96 PBFIH.. 30.34 PACIN--27.8 PACFINa-.1
VCUN- 2099.4 PINf•,- 3.16 PWF . 30.24 TDMfN- 60 2EqFL- 68
ABS.l .122 ABS2 a .225 ABS3 w .403 1884 - .542 % MOT'IST 13.7
KYc a 756.975 ABSORB - .376 DILF•N w 1 02 a 12.14 O2std " 7

CIMMTIIO Or NORCI AS N02 (DM) MIOAMS- 569.245
O2CWTWTICN OF NOR AS N02 (DRY)L1S/DS&Ym 1.897E-05
C TPATICN OF NOX AS NO2 (DRY) PIM 159.19
(IENTPATICt4 CF NOX AS N02 (WET') PPM - 137.381
CNC CF NC( AS N02 (C(XRCTW TO 7 % 02)LB/DCF u 3. 01008E-05
OIC OF NOX AS N02(OMiCTm TO 7 % 02) (DRY) PPM - 252.595

1
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AMERUCAN SERVICS ASSOCIATES AHRLYSIS OF NO0 EMISSIONS

(uNIT~: NEW MEXICO ENIGINEERING RESEARCH !NSTrIVTAJSF E.P.A. IMIHC 7

LOCOTIcN: DE4cNMTRATIcN BUmN Cr Fmt4 IN C760 INCINEPATOR DATE: 3/5/86

FILE:776 LAB#: 77-6 CtMME2T: NMERI/USAF Fuel Tank FowM DewT Burn 3/3/86 -Run 13-1

PBINIT- 31 PBFINL- 30.34 PACIN-27.7 PACFIN. 0
VCL.F 2074.1 PINIT- 3.3 PFDrL- 30.34 T1WIa- 59 IlL. 68
ABSi - .122 ABS2 a .225 ABS3 - .403 ABS4 - .542 % MOIST a 17.3
IR " 756.975 MSS] - .042 DILFAC 1 1 02 - 12.8 02std m 7

Cai=?MTICN OF NWX AS MO2 (DRY) MICHANSa 63.5859
N(XHIATION OP HCK AS N02 (DRY)LBS/DCP- 2.14902-06

€CO4NCTRATI4 C'r MCX AS N02 (DRY) PPM a 16.0336
0CN IThATICN Or NOCK AS M02 (WEr) P1M4, 14.9139
WCO OF NCX AS NO2(O0REI' TO 7 % 02)LB/DCF - 3.0;8762E-06
CWIC OF NCO AS N02(CMM TO 7 1 02) MDW) PPM a O0.9469

FIL: 786 LAB#: 78-6 CHOBfT: NMI/UJSAF Fuel Tank FPow Demo Burn 3/3/86 - Run 13-2

PBilIT- 31 PBFINL- 30.34 PACIN--27.7 PAINaI 0
VC.F 2032.2 PIJfT- 3.3 PrrIkL- 30.34 TDWIN- 60 TDWýt- 68
ANSI - .122 ADS2 * .225 ABS3 - .403 ABS4 a .542 0 MOIST - 17.34
Xc - 756.975 ABSCI - .159 DrLW? - 1 02 a 12.8O 2td - 7

CCN4TRATIN COr •KC AS N02 (DRY) MHiCKMW 240.718
COCtzRATICN OF N•O AS N02 (DRY) ISW, IC1N 9.3034-06
CDN(TRATICIN OF NCK AS 202 (DRY) P1M - 69.6793
CDI(PTRATICN COF NO( AS N02 (WEr) 991 - 57.5969
CONC OF NOC AS NO2(OORAMM TO 7 9 02)lIAX•s a 1.4249E-05
CONC OFl N(C AS N02 (CGEWM TO 7 1 02) (DM) PM a 119. 573

FILE:796('LAB6: 79-6 CCQ.¶EIT: NIMERI/USAF Fuel Tank FTw Demo Burn 3/3/86 - Run U3-3

PBINIT= 31 PBFINLI 30.34 PACIN--27.4 PACFIN- 0
VCLF- 2035 PINIT- 3.6 PFrINLa 30.34 TEfIN- 59 TEMP"FL 68
ABSI - .122 ABS2 o .225 ABS3 - .403 ABS4 - .542 9 MOIST - 17.34
Kc - 756.975 ABSO a - .083 DILFAC a 1 02 - 12.8 O2std - 7

CaUTMTICN Or NOX AS M02 (DRY) MICROISa 125.658
CONCENTRATION OF NOCE AS N02 (DRY)LBS/DSCF- 4.37901E-06
COCHCTRATICN Or IWX AS N02 (DRY) PP1 - 36. 7471
CLAIJTrATION or 1x AS 402 (WMT) PP - 30.3752
COIC OF NOK AS I02 (CORrCT TO 7 % 02) L/0"Cr a 7.5146-06
CNC CF WCK AS N02 (CIFIW TO 7 % 02) (DRY) PPM a 63.0599
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AMEICAN SERVICES ASSOCIATES AM4LYSIS OF NOX EMISSIONS

CLIENT: HM EW CICO ENGIN~ERWU IRESMA"~ INSTITVrEAJSKF E.P.A. MEfiQ) 7

LgrTION: DEONSTAMION BUM OF PCUM IN C760 INCIMMRTOR DATE.- 3/3/86

FIM-8:06 T.AB0# 80-6 COMMft, NHER!ASAkF Fuel Tank Faam Demo Burn 3/3/86 - Run #3-4

POINrr= 31 PBPM..- 30.34 PACIN-27.8 PACFIN.. 0
VC.F- 2030.5 PINI?. 3.2 PFrNALs 30.34 TEU'!N- 60 TE4PFL- 68
MRSI- .122 ABS2 - .225 ABS3 - .403 AflS4 - .542 % MOISr-= 17.14
Kc 756.975 ABSOM .352 DILFAC - 02 -12.8 02std =7

C~iflMTICN Or HMC AS 1102 (DRY) MICIOGRA- 532.91
COIKMWMTION OF HOC AS N02 (DRY)L1.SA3SCF. 1. 8329E~-05
0MCRIIMATXCO Or HOC AS N0)2 (DRY) PPM - 153.9811
C04CETMTICH OF HOC AS M02 (WET) P11M - 127.14
CICHC OF NOX AS N02 (CORCE 70 7 % 02) L03/CDF - 3.1453SE-05-
CO4C OF NOX AS N02 (CMOCMr TV 7 S 02) (VRY) PPM - 263.947
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NITROGEN OXIDES TERMINOLOGY

YOUF, V f - Volume of flask and flask valve

PINIT, P! I Initial absolute pressure of flask, Inch Hg.

Pallm?, Pi Initial barometric pressure, inches Kg.

PACIN. P * Actual pressure of flask, initial, inch Mg.

TWO. TI Initial absolute temperature of flask, R

"PIINAI,, Pt f Final absolute pressure of flask, inches HS.

PfLUI% bf Final barometric pressure, inches 8g.

PAC , Paf - Actual pressure of flask, final, Inches HS.

TIMM, Tf - Final absolute temperature of flack, R

T TU, Tat, a Standard temperature, 528 R

pIrro rasd " Standard pressure, 29.92 inches Ng.

VOLm, v 1  a Sample volume at standard conditiot e (dry basis) *l

ADMUS. A a Abeorbance of Sample

A83-4, As - Individual abeorbance of 1,in @owadards

DILFAC, F a Dilution factor (required only if sample dilution was needed to

reduce the aboorbtion into rate of calibration.)

MC, K€ w Calibration factor

"WI, N - Masa of no32 In gas sample, microgram.

02. 03 - Oxygen in gas Sample, 1.

Cl. C a Concencrati a of NOX as NO (dry basic) lb/dacf
6.243 z 10-3 - Cow orsie factor to obtain lb/dccf from micrograma/ml

C2, C' - Concentration of NOz "c 302 (dry basis) parts per million by volume
323.891 - Converieon factor to obtaie MR from aictograaa/ml

J6.243 x 10-3 lk/dgjf)/( Lcrgoatsm)
-(2.59 X 10-7 lb/doefeppm) (46.91)

C3, G3 - Concentration of NO, as "02 (corrected for 03) lb/dccf

CA, C4 - Concentration of 00 as c 02 (corrected for 02) (dry) pp.

HOIST, 401ST- Percentage moisture in stack Saa

C5, CS - Concentration of N6x as NO02 (vet) pp.
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SAmerican Services Associates
Consultants in Air, VWter, Energy, Hygiene & Management

NtI'7!WJ OXIDES
EQUATIONS & CALCtJL~i'IGS SHEET'

(Al + 22 + 3A3 + 4A4)
1. KC a 100 X

(M1*A1 + A2*A2 + A3*A3 + A4"A4)

Tutd
2. Vsc - - (VE-Va) ((Pf/Tf)-(PI/Ti))

Pstd

- 17.64 (Vf-25ml) ((Pf/Tf)-(Pi/Ti))

3. M1 a 2KrcAF

4. C1 - 6.243 E-5 (Mi/Vsc)

5. C2 a 523.891 (M1/Vsc)

6. C3 - Cl ((20.9-02 Std)/(20.9-02))

7. C4 a C2 ((20.9-02 Std)/(20.9-02))

8. CS - C2 (1.O0-(oiP.st/1O0))

15049 Bet-Red Road, Suite 100 Bellevue, Washington 9S60P (206)641-S130
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- - - - - - - - - - - - - - - - - - - - - - - - - -

PROCEDURE

(OXIDES OF NITROGEN)

Stack gas sampling equipment designed by the United States Environmental
Protection Agency (EPA), Office of Air Programs was used on this evaluation.
A schematic of the sampling train is included in this report.

The sampling train was prepared and operated as follows:

25m1 of absorbing solution (2.8ml H SO04 and 6ml 3% h202 to 11yH,)
was pipetted into a sample flask. The fl ask was evacuated to 3inches of
mercury absolute pressure or less. The pump valve was closed and the
manometer checked for fluctuations in mercury level. With no fluctuation
noted over a one minute time span the flask volume and temperature were
recorded along with the barometric pressures. With the flask and pump valves
in the purge position the probe and vacuum tube were purged using the squeeze
bulb. If condensation occured in the probe and flask valve area, the probe
was heated until the condensation disappeared. The flask pressure was then
measured. With the pump valve closed the flask valve was opened to allow the
sample to enter the flask until the pressure in tbe flask and sample line wereIequal. If sufficient oxygen was not present in the stack gas to convert NO to
NO additional oxygen was added. The valves were then closed ard the flask
wai shaken for 5 minutes and then allowed to set for at least 16 hours, After
the 16 hour period elapsed, the flask was shaken for- 2 minutes and the flask

pressure, flask temperature, and the barometer pressure were recurdeu'.

137



x z

Ii~ i

138



SAMPLE CLEAN-UP AND ANALYSIS
(OXIDES OF NITROGEN)

After rinsing; the flask with two 5 ml portions of distilled water and
adding the rinse to the sample, the pH was adjusted to bet'wee 9 and 12
using 1 N sodimu hydroxide. The sample was then transferred to a
polyethylene storage container for shipment. A blank containing 25 ml of
absorbing solution was taken and treated in the same manner.

The samples were diluted to a known volume (50 ml). An aliquot (25 ml) was
taken and evaporated on a steam bath in a porcelain evaporating dish to
dryness and then cooled.

Phenoldisulfonic acid solution (2 ml) was added to the dried residue and
thoroughly triturated with a polyethylene policeman. one milliliter of
distilled water and 4 drops of concentrated sulfuric acid were added. The
samples were then heated for three minutes with occasional stirring on a
steam bath. After cooling, 20 milliliters of distilled water was mixed
into the sample and the pH adjusted to 10 with concentrated ammonium
hydroxide. If the sample contained solids they were filtered out with a
Whatman No. 41 filter paper. The samples .were then quantitatively
tranferred and diluted to 100 mls. in a volumetric flask.

The absorbance of each sample was measured at the optimum wave length
(approximately 410 mn) using the blank as a zero. The total quantity of
N)x (as N02) for each sample was determined from a graph plotted from using
suitable standards. The standard line was positioned by statistical
calculations.
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AMi4i• M mVICES ASSOCIATES CYANIDE EMISSION CALCULATICNS

(Lf1 t Nq ME.XICO ENGINERNG RESEA•I INSTrMIM SAF - NIOSH P&CAM 116

LTC•TQO: DCNSTRATICH BUMN OF USAP FCRM w/ C760 DUET: 3/3/86

FUIt 816 LAB #: 81-6 CCMM1r: N4ERI/USAF Fbam Demo Burn w/ C760 at TIC 3/3/86 - Run 4.

Sa 1.10S Ptbr - 30.96 Delta H - 0 Y - 1.0057 Pm - 30.96 in - 76.5
VWmtd a 1.13171 C02 = 5.76 C02 + 02 - 17.96 C02 + 02 + CO - 17.96 02 - 12.2 CO = 0
Pow -. 05 Wtri20 = 3.75239 Bws - .135 Cp - .825 Md - 29.4096
Al u 43 A2 - 0 A - 10.0847 square feet ; Weight of Cyanide collected - .04 millicrams;

Cbs Delta P Ts Obs Delta P Ts Cbs Delta P TS

1 .035 1471 2 .04 1271 3 .032 1166
4 .05 2001 5 .06 914 6 .065 1387
7 .06 1244 8 .06 1136 9 .073 1400
10 .07 1186 11 .095 615 12 .085 1044
13 .072 1109 14 .06 726 15 .058 1056
16 .035 1070 17 .06 1095 18 .048 950
19 .06 1344 20 .045 1062 21 .04 1032
22 .05 1409 23 .05 1175 24 .042 1015

Tsavg a 1161.58 vs - 22.4955 Qs a 13611.7 Qsft - 3966.51 Qsd a 237990
Concentration of Cyanide z 5.44964E-04 grains/dscf & 1. 15507 ppnv
Maus mis&Lon Rate of Cyanide - .018528 pounds/nour

FUZ: 826 LAB 3: 82-6 COMMM' N@RIiUSAF Foam Demo Burn w/ C760 at TRC 3/3/86 - Run #2

Vm - .581 bar -30.96 Delta H = 0 Y - 1.0057 Po a30.96 Tn a66.5
vfttd - .606345 C02 - 6.06 CO2 + 02 - 18.2 C02 + 02 + CO = 18.2 02 - 12.14 CO - 0
Paw --. 05 WtH20 = 2.04496 Bws - .137 Cp = .825 Md - 29.4552
Al u 43 A2 m 0 A - 10.0847 square feet ; Weight of Cyanide collected = .02 milligrams

Cbs Delta P Ts Cbs Delta P Ts Cbs Delta P Ts
J

1 .046 1225 2 .05 1236 3 .05 1170
4 .06 1209 5 .06 1165 6 .07 1300
7 .066 1232 8 .07 1253 9 .07 1200
10 .08 1247 11 .09 1271 12 .078 1231
13 .08 1189 14 .09 1567 15 .082 1226
16 .073 1223 17 .07 1146 18 .082 15
19 .08 1273 20 .066 1237 21 .064 1144
22 .06 1504 23 .07 1242 24 .06 1168

Tusav a U94.71 vs m 25.6106 Os - 15496.5 Qsdm - 4415.14 Qsd - 264908

Concentration of Cyanide - 5.08572E-04 grains/dscf & 1.07794 ppmv
ums misuLon Rate of Cyanide - .0192464 pounds/hour
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AMERICAN SRVICES ASSOIATES CYANIDEI EISSIGON lCALJATIOt4S

CLIIT : HW MEXICO EDI4EWNG MSEAVCH INWITUTUr AF NImSio t'&cmt 116

LOMT10l 1EMON•STiTI( BUMN Or USAF FvC w/ C760 OR33S 3/3/86

FUTiXO 836 LA O 83-6 CNI u MRIiUS row Dwo Warn W/ C760 at: T1/ 3/3/86 - #3

Vle. .774 Pbar - 31 Delta H a 0 Y 1.0057 Pw a 31¶ To -68
V~.td - .60651 002 - 5.7 002 + 02 a 18.5 C02 + 02 + CO 18.5 02 - 12.8 CO - 0
Paw --.05 Wti20 * 3.58431 bre a .173 Cp - .854 M - 29.424
Al w 43 A2 - 0 A - 10.0847 uqure feet Wetght of Cyanide collected - .02 milligrams

Obs Delta P T Cb Delta P Ts Cbs Delta P Ta

1 .04 1178 2 .045 1409 3 .05 1270
4 .03 1203 5 .043 1169 6 .05 1389
7 .07 1443 a .04 1214 9 .065 1234
10 .065 1220 11 .075 1441 12 .065 1216
13 .06 1188 14 .06 1177 1s .075 1285
16 .075 1377 17 .05 1161 18 .05 1183
19 .065 1204 20 .055 1219 21 .055 1217 0
22 .05 1170 23 .04 1155 24 .03 - 1116

Tsaa * 1246.17 vs = 23.8949 Qs w 14456.4 e v 3833.42 W - 230005
Cocentraticn of Cyanide a 3.823515-04 gralni/docf 6 .81041 ppmv
Mass btission ltte of Cyanide - .0125633 pounds/hour
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AMERICAN SERVICE7: ASSOCIATES E.P.A. METHOD 5 - PARTICULATES

JOB NAME: NEW MEXICO ENGINEERING RESEARCH INSTITUTE/USAF NT TRC

PREPARED BY: W. D. SNOWDEN DATE:. 3/3/86

SUBJECT: FUEL TANK FOAM C-760 DEMONSTR.l0ION:BURN RUN 1 1

VOLM - 40.705 PBAR - 30.96 DELTA H - .979 TM - 77.8 LAB # -66-6

PM - 31.032 VOL(STD) - 41.6795 VOLH20 - 138 Y- 1.0036

C02 5.ill C02 +02 =17.96 C02 + 02 + CO = 17.96 02 - 12.2 CO - 0

VOLW -. 6.495(6 WD - 29.4096 PS a-.05 PSN ' 30.95ý3 CP - .825

M - 13.4834 MF - .865166 WW - 27.8712 CD w 1.0191.7 CS a .983119

Al - 43 A2 = 0 AS - 10.0847 T - 72 DR - .515 PT - 200.4 N - 5.62

OS Vi TS KA OaS VH TS KA

1 .0-5 1471 6.22101 2 .04 127J. 8.32106
3 032 1166 7.21332 4 .cs 2001 110928
5 .06 914 9.07965 6 .165 1387 10.957
7 .06 1244 10.1114 8 .06 1136 9.78571
9 .073 1400 11.6525 10 .07 1186 10.7341
i .095 615 10.1057 12 .085 1044 11.3066
13 .072 1109 10.6286 14 • .06 726 8.43564
15 .058 1056 9.377 16 .035 1070 7.31779
17 .06 1095 9.65919 18 .048 950 8.22679
19 .06 1344 10.4038 20 .045 1062 8.27587
21 .04 1032 7.72528 22 .05 1109 9.66696
23 .05 1175 9.04157 24 .042 1015 7.87083
************ ********************.,,***. ******** ********

START TIME - 1109 STOP TIME - 1224 FILE - 666

KA - 9.38376 TS - 1161.58 VO * 22.4948 Q0 * 13611.2 QS - 3967.15
/

VIN - 22.8831 I - 101.726 CO - .0740451 C - .158103

PMRC - 2.51771 PMRR - 2.56131 PMRAVG - 2.53951 C' - .159464
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AMERICMN SERVICES ASSOCIATES PARTICULATE CALCULATION

CLIENT: NEW MEXICO ENGINEERING RESEARCH INST./USAF

LOCATION: C760 INCINERATOR DEMO BURN OF USAF FOAM AT TRC

SAMPLE DATE: 3/3/86 ANALYSIS DATE: 3/4-10/86

RUN t 1 LAB # 66-6

I. EVAPORATION OF 220 ml OF ACETONE RINSE AND (B)
BRUSHING-OF NOZZLE, PROBE AND GLASSWARE BEFORE FILTER.

FINAL 78260.8 mg - TARE 78186.1 mg
- BLANK (( IE-03 mg/ml) ( 220 ml) - .22 mg) - 74. 48 In

Ii. FALTER CATCH - FILTER MSAI106BH - NUMBER 41-6 (A)

FINAL, 471.2 wg - TARE 363.2 mg = 108 mg

III. HYDROCARBON OBTAINED BY 75 ml METHYLENE-CHLORIDE
EXTRACTION ON WATER IN IMPINGER AND BUBBLERS. (Cx)

FINAL 80753 mg - TARE 80752.4 mg
- BLANK (( 1E-03 mg/ml) ( 75 ml) = .075 mg) .525 my

IV. PARTICULATE FROM EVAPORATION OF 565 ml WATER (C)
IN IMPINGER AND BUBBLERS FOLLOWING EXTRACTION

FINAL 77320.3 mg - TARE 77308.4 mg
- BLANK (( IE-03 mg/mly ( 565 ml INITIAL
- 127.5 ml CONDENSED = 437.5 ml) = .4375 mg) = 1l.4625 rg

V. PARTICULATE FROM 109 ml OF ACETONE RINSE OF IMPINGER
BUBBLERS, AND CONNECTORS AFTER FILTER (D)

FINAL 77666.6 my - TARE 77665.4 mg
- BLANK (( IE-03 mg/ml) [ 109 ml) = .109 mg) 1.091 yig

VI. BACKUP FILTER CATCH - MEDIA TYPE MSAIIO6BH - NUMBER 45-6

FINAL 367.6 mg - TARE 362.8 my = 4.8 mg

VII. TOTAL PARTICULATE = SUM OF ABOVE = 200.359 mg

BLANKS

ACETONE (FINAL 77576.7 mg - TARE 77576.6 mg - .1 mg)
/ 100 ml = 1E-03 mg/ml

METHYLENE-CHLORIDE (FINAL 77108.8 mg - TARE 77108.70000000001 my = .I ng)
/ 100 ml = IE-03 mg/mi

WATER (FINAL 77237.7 mg - TARE 77237.6 mg = .1 mg)
/ 100 ml IE-03 my/ml
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AMERICAN SERVICES ASSOCIATES E.P.A. METHOD 5 - PARTICULATES

JOB NAME: NEW MEXICO ENGINEERING RESEARCH INSTITUTE / USAF AT TRC

PRUPARED BY: W. D. SNOWDEN DATE: 3/3/86

SUBJECT: FUEL TANK FOAM C-760 DEMONSTRATION BURN RUN f 2

************h***************** **************.************

VOLM - 30.904 PBAR a 30.96 DELTA H - 1.228 TM - 76.8 LAB # -67-6

PM H 31.0503 VOL(STD) a 31.6593 VOLH20 - 106.6 Y- 1.0036

C02 - 6.06 C02 + 02 a 18.2 C02 + 02 + CO * 18.2 02 - 1?.14 CO - 0

VOLW - 5.01766 WD 29.4552 PS --. 05 PSN - 30.9563 CP - .825

M - 13.6807 MF - .863193 MW W 27.8881 CD a 1.01886 CS - .983119

Al - 43 A2 0 AS w 10.0847 T - 48 DN a .515 PT a 88.2 N - 5.93

OBS VH TS KA OBS VH TS KA

1 .046 1225 8.80398 2 .05 1236 9.2.0869
3 .05 1170 9.02774 4 .06 1209 10.007
5 .06 1165 9.87421 6 .07 1300 11.0996
7 .066 1232 10.5675 8 .07 1253 10.t'503
9 .07 1200 10.7796 10 .08 1247 11.6859
11 .09 1271 12.4616 12 ..078 1231 11.4847
13 .08 1189 11.4856 14 .09 1567 13.5067
15 .082 1226 11.7581 16 .073 1223 11.0842
17 .07 1146 10.6028 18 .082 1515 12.726
19 .08 1273 11.7745 20 .066 1237 10.5831
21 .064 1144 10.1319 22 .08 1504 12.5348
23 .07 1242 10.9151 24 .06 1168 9.88332

,**,*******, t.****.*.h*******e..**t****t*t***********.

START TIME - 1440 STOP TIME - 1528 FILE a 676

KA a 10.9565 TS a 1257.21 VO - 26.2571 00 - 15887.7 QS - 4362.83

VN * 27.6733 I - 105.393 CO - .0429C31 C a .0868191

PMRC - 1.60431 PMRR * 1.69092 PMRU'!G - 1.64762 C' - .0891582
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AMERICAN SERVICES ASSOCIATES PARTICULATE CALCULATION

CLIENT: NEW MEXICO ENGINEERING RESEARCH INST./USAF

LOCATION: C760 INCINERATOR DEMO BURN OF USAF FOAM AT TRC.

SAMPLE DATE: 3/3/86 ANALYSIS DATE: 3/4-10/36

RUN # 2 LAB # '7-6

I. EVAPORATION OF 140 ml OF ACETONE RINSE AND (B)
BRUSHING OF NOZZLE, PROBE AND GLASSWARE BEFORE FILTER.

FINAL 69775.3 mg - TARE 69750.2 mg
BLANK (( 1E-03 mg/mi) ( 140 ml) - .14 mg) = 24.96

II. FILTER CATCH - FILTER MSA1106BH - NUMBER 44-6 (A)

FINAL 424.8 mg - TARE 364.3 mg 60.5 mg

III. HYDROCARBON OBTAINED BY 75 ml METHYLENE-CHLORIDE
EXTRACTION ON WATER IN IMPINGER AND BUBBLERS. (Cx)

FINAL 77648.3 mg - TARE 77648.2 mg
- BLANK (( IE-03 mg/ml) ( 75 ml) - .075 mg) = .025 mg

IV. PARTICULATE FROM EVAPORATION OF 470 ml WATER (C)
IN IMPINGER AND BUBBLERS FOLLOWING EXTRACTION

FINAL 66548.3 mg - TARE 66546.8 ml
- BLANK (( CE-03 mN l ( 470 ml INITIAL

V. PARTICULATE FROM 99 mi OF ACETONE RINSE OF IMPINGERV. PA98UA FRM9 ml ODESE 3 CETONE RIN372 OFg =IMP128ER

BUBBLERS, AND CONNECTORS AFTER FILTER (D)

FINAL 79405.1 mg - TARE 79404.5 mg
- BLANK (( IE-03 mg/ml) ( 99 ml) w .099 mg) .501 my

VI. BACKUP FILTER CATCH - MEDIA TYPE MSAI106BH - NUMBER 9-6

FINAL 155.8 mg - TARE 154.7 mg = 1.1 mg

VII. TOTAL PARTICULATE = SUM OF ABOVE 88.2i4 mg

BLANKS

ACETONE (FINAL 77576.7 mg - TARE 77576.6 Ing= .I Ig)
/ 100 ml = 1E-03 mg/mi

METHYLENE-CIILORIDE (FINAL 77108.8 mg - TARE 77108.70000000001 :nq .• m•)
/ 100 ml = IE-03 mg/mt

WATER (FINAL 77237.7 mg - TARE 77237.6 mIg= I mng)
/ 100 MI = IE-03 mq/ml

146

am l],ýM l



AMERICAN SERVICES ASSOCIATES E.P.A. METHOD 5 - PARTICULATES

JOB NAME: NEW MEXICO ENGINEERING RESEARCH INSTITUTE / USAF

PREPARED BY: W. D. SNOWDEN DATE: 3/3/86

SUBJECT: FUEL TANK FOAM C760 DEMONSTRATION BURN RUN f 3

VOLM - 26.655 PEAR - 31 DELTA H = .978 TM - 77.9 LAB # n68-6

PM = 31.0719 VOL(STD). - 27.2696 VOLH20 - 121.5 Y= 1.0036

C02 u 5.7 C02 + 02 a 18.5 C02 + 02 + CO - 18.2 02 w 12.8 CO =-.299999

VOLW - 5.71901 WD a 29.424 PS --. 05 PSH - 30.9963 CP = .854

M - 17.3363 MP - .826637 WW 27.4435 CD - 1.02708 CS = .982485

Al - 43 A2 0 AS = 10.0847 T * 48 DN - .515 PT - 86.9 N a 5.55

OBS VH TS KA OBS VH TS KA

1 .04 1178 8.09444 2 .045 1459 9.29274
3 .05 1270 9.30054 4 .03 1203 7.06329
5 .043 1169 8.36941 6 .05 1389 9.61509
7 .07 1443 11.5417 8 .04 1214 8.18291
9 .065 1234 10.4933 10 .065 1220 10.4499
11 .075 1441 1i:9405 12 .065 1216 10.4374
13 .06 1188 9.94384 14 .06 1177 9.9106
15 .075 1285 11.4401 16 .075 1377 11.7378
17 .05 1181 9.05814 18 .05 1183 9.06367
19 .065 1204 10.4 20 .055 1219 9.60963
21 .055 1217 9.60391 22 .05 1170 9.02774
23 .04 1155 8.03741 24 .03 1116 6.87604

START TIME = 1620 STOP TIME * 1708 FILE • 686

KA a 9.56209 TS - 1246.17 VO - 23.8967 Q0 0 14459.5 QS = 3832.04

VN - 24.6984 I = 103.355 CO = .0490752 C * .106109

PMRC - 1.61185 PMRR - 1.666 PMRAVG - 1.63892 C' - .107886
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AMERICAN SERVICES ASSOCIATES PARTICULATE CALCULATION

CLIENTv NEW MEXICO ENGINEERING RESEARCH INST./USAF

LOCATION: C760 INCINERATOR DEMO BURN OF USAF FOAM AT TRC

SAMPLE DATE: 3/3/86 ANALYSIS DATE: 3/4-10t86

RUN 1 3 LAB # 68-6

I. EVAPORATION OF 173 ml OF ACETONE RINSE AND (B)
BRUSHING OF NOZZLE, PROBE AND GLASSWARE BEFORE FILTER.
FINAL 82607.8 mg - TARE 82589 ag

- BLANK (( IE-03 mg/ml) ( 173 ml) - .173 mg) = 18.627 mg

I1. FILTER CATCH - FILTER MSA1106BH - NUMBER 37-6 (A)

FINAL 418 mg - TARE 358.8 mg a 59. 2 mg

III. HYDROCARBON OBTAINED BY 75 ml METHYLENE-CHLORIDE
EXTRACTION ON WATER IN IMPINGER AND BUBBLERS. (Cx)

FINAL 78570.4 mg - TARE 78569.8 mg
- BLANK (( 1E-03 mg/ml) ( 75 ml) - .075 mg) = .525 mg

IV. PARTICULATE FROM EVAPORATION OF 465 ml WATER (C)

IN IMPINGER AND BUBBLERS FOLLOWING EXTRACTiON

FINAL 77647.2 mg - TARE 77640 mg
- BLANK (( IE-03 mg/ml) ( 465 ml INITIAL
- 113.5 ml CONDENSED a 351.5 ml) - .3515 mg) * 6.8485 mg

V. PARTICULATE FROM 118 ml OF ACETONE RINSE OF iMPINGER
BUBBLERS, AND CONNECTORS AFTER FILTER (D)

FINAL 76878.8 mg - TARE 76878.2 mg

BLANK (( 1E-03 mg/ml) ( 118 ml) = .118 mg) ..482 mg

VI. BACKUP FILTER CATCH - MEDIA TYPE MSAII06BH - NUMBER 8-6

FINAL 164.4 mg - TARE 153.2 mg a 1.2 mg

VII. TOTAL PARTICULATE - SUM OF ABOVE - 86.8825 mg
- - --... ---- -- -- - - - -.---..-..-.... .. .... .-

BLANKS

ACETONE (FINAL 77576.7 mg - TARE 77576.6 mg - .1 mg)
/ 100 ml - 1E-03 mg/ml

METHYLENE-CHLORIDE (FINAL 77108.8 mg - TARE 77108.70000P00001 mg = .1 mg)
/ 100 ml - IE-03 mg/ml

WATER (FINAL 77237.7 mg - TARE 77237.6 mg - .1 mg)
/ 100 ml 1E-03 mg/ml
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APPENDIX B

This Appendix is a Reproduction of the

FUEL CELL POLYURETHANE FOAM:

ASH CHARACTERIZATION,

APRIL 1986

This is a self-contained document with its own internal consistent style.
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This report was prepared by thtu Advanced Protection Technologies (APT)

Division, New Mexico Engineering REe-sear'chi Institute (NMERI), University of

New Mexico, Albuquerque, New Mexico 871-31, for use in the completion of

Subtask 4.01, "Effective Disposal of Fuel Cell Poly urethane Foam." The

physical property studies, combustion work, moisture determinations,

extractions, and selected gas chromatography (GC) investigations were

planned with and performed by Mary M. Seanrles, Sue If. Kellogg, and Thomas

Debevec in the NMERI APT Division's Alamo Buil.ding Environmenital and

Combustion 1bahorat or i e. The gas efir'omuatogi-aphy/mass spect iomet ry (OC,/MS)

i~dSome of, tilt-. GC det~erminat ions worc, condl.Wted ill the IJNM Department of

Chemistry (,(,/MS InstruLmentation Laborato~ry by Pelayo F. Fernandez and Fwu

Lin Lii. RUbV Ju performed the elementat analyses in the UNM

M'icroanalvtiral Laboiratory.
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I NTRODU I.rCT ION

On 24 January and 3 March 1986, demonstration burns on po lyurethane

foam used in aircraft fuel tanks by t he United States Air Force were

conducted at the Thermal I1Ueduc:tit ' C•mpany in IBel iigham, Wnshington. The.t

first test series (Series 1) employed a CONSIUMAT Model C75P demionstration

incinerator. The second serics (Series 2) used a CONSUMAT C,760 municipal

solid waste incinerator. Atmospheric omission evaluations were performed

durLng the burns by Ameri can Services As•,)orinates. Fotllowing each --;eries of

tests, ash samples were removed from the incinerator by Mr. Michael Lee,

Principal Investigator for Subtash '1.01 , and we.re ,Il ivered to the Ncw

Mexico Engineering Hesearch Institute (NMERI) Envir)niw',ntal and Combustion

Laboratories for characterization. One sample (Al) was obtained from Series

1 and three samples (B3, B2, B3) were obtained at the conclusion of Series

2. The latter three- samp 1.-s differed only in the. collectiion 1ocation within

the incinerator. They were removed at the same time.

The ash resulted from t he combust. ion of both roam and foaln packagirng

material (cardboard and polyethyleie) . The residues were brown to grey-

black, layered, irrevular pieces and fin~,. !Wd--brown deposits, apparently

rust, discolored the ash. The inater'ia was highly porous with vcicds up to

several millimeters in diomnet.ter in th- residue t•oin Series I and sfmzl3[.ir

voids in the residues from ,4oris 2. The sainpl es fr'omS Series . were very

wet owing to tlce Use ofi a water deliwf, o iA:,i,,, svst em.
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DENSITY DETERMINATIONS

That the ash was very porous and fragile and consisted of irregular

chunks made the density determinations difficult. Densities were determined

for ash residue both including and excluding air spaces (respctively termed
""-rss" and "net" densities). The densities wet'e calculated from sample

mUsses and volumes (dMot miined by displacem.niit of water). The- volume

determinations suffered from the largest errors. The ash from samples Bl,

B2, and B3 was dried at 120'C to a constant weight (about 4 hours) before

performing the density measurements. The ash from sample Al was not dried.

Samplvs containing approximately 0.i to 0.3 grams of crushed, ground

ash and fines (for net density) or of individual pieces (for gross

densities) were weighed out for the separate deterininations. The samples

were placed in a |0-ni graduated cylinder filled with 8 ml of water and the

volume change of the water was recorded. For the net density measurements

on the ground material, several drops of AerosolR, a 10% solution of sodium

dioctylsulf'osuccinate surfactant, were added to the water in the graduated

cylinder to aid in immersing the material, and the cylinder was evacuated

through a septum to remove air bubbles. These procedures were nut performed

for the gross density measurements. All samples, except the individual

pieces for the gross density determinations for the Series 1 residue, sank

spontaneously in the water. Individual pieces for Series I were forcibly

submerged using a small wire. The densities were calculated by dividing the

masses by the volumes.
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TABLE B1. DENSITIES OF FOAM INCINERATION RESIDUES.

Sample Description Mass, Voluiae, Density,
gr'ins milliliters 9/m].

Net Density

Al Ground pieces, no fines 0. 25212 0.20 1 .1243

Al 0.2714 0.21 1.29

Al 0.2677 0.20 1..34

Avg. 1.30 + 0.03

B1 Ground pieces and fines 0.3106 0.10 3.11

B2 0.3084 0.11 2.80

B3 0.3090 0.10 3.09

Avg. 3.00 + 0.13

B1 Ground pieces, no fines 0.2409 0.10 2.41

B2 0.3981 0.15 2.65

B3 0.3464 0.15 2.31

Avlg. 2. .16 0.03

Gross Density

Al Single piece 0.3978 0.50 0.80

Al 0. 09:35 0.11 0.85

Al 0.i809 0.11 0.75

Avg. 0.80 + 0.03

B1 Single piee', .19'33 0.10 1.938

B2 3.3:M3 0.18 [. 80

B3 0.20331 0.12 1.69

Avg. 1.83 +- 0.10
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ELEMEN'rTAI, ANAI.YSES

Residue from Series 2 was dried at '20°C to constant weight. Residues

from both series were then separately ground and small samples were

submitted for microanalyses. The mater:ial was analyzed for carbon,

hydrogen, nitrogen, and residue. The carbon and hydrogen percentages (Table

B2) were determined by oxidizing the samples and collecting and weighing the

carbon dioxide and water produced. The nitrogen concentrations (Table B3)

were determined by measuring the volume of elemental nitrogen gas produced

at a given temperature and pressure. The residue percentages (Table B4) were

determined from ash samples heated in a muffle furnace in air.

TABLE B2. CARBON, HYDROGEN ANALYSES.

S ample Sample mass, Carbon dioxide, Water, Carbon, Hydrogen,
mg mg mg % by weight ?% by weight

Al 5.753 13.132 1.360 62.29 2.65

BI 11.141 0.377 0.263 0.92 0.26

B2 10.314 0.255 0.312 0.67 0.34

B3 ]].445 0.237 0.250 0.57 0.24
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TABLE B3. NITROGEN ANALYSES.

Nitrogen gas

Sample Sample mass, temperature, pressure, volume, Nitrogen,
mg 0C Torr ml % by weight

Al 5.020 29 636 0.270 5.09

BI 35.408 27 624 0.010 0.03

B2 36.845 27 (324 0.005 0.01l

Vaalue is too sinai] to be of signific(ance.

TABLE B4. NONCOMBUSTIBLE RESIDUE.

Sample Sample mass, Temperature, Time, Residue mass, Residue,
0

mg C minu.ntes mg .% by weight

Al 42.728 800 7.991 18.70

Bi 39.254 800 180 38.487 98.05

B2 37.368 840 30 37.13:3 99.37

B3 33.443 840 30 33.168 99.18

aNot recorded.
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MOISTURuE DJETERMINATIONS

Samples of ash were weighed into porcelain crucibles and heated at

12000C to constant weight. The crucibles were cooled in a desicator before

weighing. The samples were not crushed or otherwise processed prior. to

heating. The results are presented in Table B5. The reported heating times

are approximate.

TABLE B5. ASH MOISTURE CONTENTS.

Sample Sample mass, Heating time, Final mass, Moisture,
grams hours grams % by weight

Al 4.7781 4 4.7085 1.46

B31 21.4790 6 15.3474 28.55

B2 24.6205 6 19.1394 22.26

B33 22.1552 6 19.0299 14.12
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IGNI[TABTLITY

Ash samples (both pieces and fines) were placed under a hood on fire
brick and were heated with a propane torch. The heating was done cai'efully

to avoid material loss. All observations were recorded.

Sample Al was slightly flimuable but would not sustain I'lame for- more

than a few seconds. The sample became red hot and popped and sparked during

which time the color changed from brownish to grey-black. This test was

done twice with the same results.

Sample B1 did not sustain a flame but did seem to burn. It. became red

hot and popped and sparked. The color changed from brownish to grey-black.

The test was performed twice with the same results.

Sample B2 did not appear to burn. It became red hot. popped and

sparked, but cooled quickly. The test wus i-epeated twice w.ith same results.

Sample 83 did not appear to burn significantly. The materiall stayed

red hot slightly longer than sample B2. Like the others, the material

popped and sparked. It appeared to melt anid changed color to a dark black.

The test was repeated twice with same results.
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LOSS ON COMBUSTION

For each sample a porcelain crucibl,. was heated several times with a
Bunsen burter to give a constant weight, the sample was added to it, and the

crucible plus sample wuigh,.d. The crucible and contents were% then heated on

the bottom with a Bunsen burner for 5 minutes, cooled in a desiccator, and
reweighed. This procedure was repeated until the weight became nearly

constant (four times for the Series 1 residue and three times for the Series
2 material). Samples B], B2, and B3 were combined to prepare the samples

used for oharacterization of the ash from the Series 2 incinerator tests.
The results are shown in Table B6.

TABLE B6. LOSS ON COMBUSTION.

Mass sample plus crucible, grams Mass loss

Sample Sample mass,
grams before heating after heating grams % by weight

Al 1.5031 19.8134 18.8700 0.9434 62.76

Al 1.8136 19.1724 1.8.2113 0.9611. 52.99

B1+B2+B3 2.6137 19.9718 19.9460 0.0258 0.99

BI+B2+B3 2.7530 21.0633 21.0407 0.0226 0.82
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EXTRACTION PROCEDURE (EP) TOXICITY TESTS

The Extraction Procedure (EP) Toxicity Characteristic Test is designed

to simulate the leaching a waste will undergo if disposed of in a sanitary

landfill. A representative sample of the waste is extracted with distilled

water maintained at a pH of 5 with acetic acid. The extract obtained i!

analyzed to determine if any of the thresholds established for eight

elements (arsenic, barium, cadmium, chromium, lead, mercury, selenium, and

silver), four specified pesticides, and two specified herbicides have been

exceeded. If the EP extract contains one or more of these substances in an

amount equal to or exceeding the levels specified in 40 CFR 261.24, the

waste possesses the characteristic of EP toxicity. Since no route exists

for the introduction of pesticides or herbicides in fuel ce-ll polyurethane

foam, no analyses for these substances were performed on the ash.

The EP Toxicity Tests were performe•d as described in Reference BI. A

new procedure (Toxicity Characteristic Leaching Procedure, TCLP) is being

proposed to better mimic leaching of organic constituents; however, the

existing EP test is believed by the EPA to be adequate for el~emental

contaminants (Reference B2). The extracts from sample Al (Incineration Test

Series 1 residue) and from combined samiples Bl, B2, and B3 were analyzed by

Atomic Absorption Spectroscopy and th'z resutlts are reported in Table B7.
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TABLE B7. CONTAMINANT CONCENTRATION FROM EP TOXICITY TESTS.

Concenatration, inilligrams/litei"

Contaminant Al Combined Nominal detection Maximum allowable
BI+B2+B3 limits

Arsenic <0.05 <0.05 0.05 5.0

Bariut 0.12 1.67 0.005 100.0

Cadmium <0.01 <0.01 0.01 1.0

Chromium <0.05 <0.05 0.05 5.0

Lead <0.05 <0.05 0.05 5.0

Mcrcr-y <0.01 "O.01 0.01 0.2

Selenituii <0.01 <0.01 0.01 1.0

Silver <0.05 ý0.05 0.05 5.0
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ORGANIC COMPONE~NTS

Attempts were 111de to detect extractable, organic com11poneonts of the 3,;h

wi.th gas chromatography (OjC) and rcis chromn Iot, graphy /mass spfed romnetry

'GC/MS. . Several -small pieces of samiple Al were gr'ound to frive 1.5 granms of

material which was comnbi ned with 10 nil . of distil led water. Th'le ni xt irre wtu.,

allowed to sit for several days Lind wits, t hin fil]I.ered ieverai _ t im(ls t: o
remove all particulates'. The filtrate.. was uso for. atkalys-is. Sampl Ies B1,

132, and] B3 were extracted in the samep way except for the uso of 7.5 grams of

material in 20 mnl of water. The use of a 0).15 micron filter onl thoe 1att '-r

samples permitted a single filtration. Eixt ractions were als.*o tirade with1 25

nil of methanol and- 30 grans of samiple A] anid with 15) nil of wf-.othano.I and 30
gravis of a mixture of Bi , 132, and T33. These mneffanol extract ions werv made
by shaking the mixtures of ground samiple and the HPLC-'grade solvfe-nt, several

times and then allowing themn to sit for 24 hours before filtering.

The gras chromatograp~i c anal yses we!re pe:t'crfored on- it Hew ylet t- Pckard

HP 5880A gas chroniatograph equipped witil a fl aine iunizzAt onll eti,' 'l

The CC wallI--coated opt-i trtibu jar (WCOTr) copi I latry i.lAltuiur haWd 111 F01 iui

characzteristics: 12.5 mneter length, 0.? umi 1I), 0.:33 micron fi hin thickness,

cross--linkod dimethyl si licoiie , 1i,0 phitso rat~io, 1437.5 ret~ention index,

4600 plates/meter, 1.4 acid/base ratio, Hewlet t-Packard part nlumber

19091-60312. All peaks aud peak areas on lheý HP 56i30A GC were taken from

the attached HP :3350 l.aboratory automation system integrator'. Helium was

employed as the carrier gas.
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The detection limits and uncertainties in quantification of small
quantities were determined for the 11P5880A GC using 30 0 C isothermal

conditions and a 200:1 split ratio as follows. Chromatographic peak

intensity (integrated peak area, A) is proportional to concentration (C) and

injection volume (V),

A = kCV,

where k is a constant of proportionality. Peak areas may be determined from

the computerized HP 3350 integrator. The minimum peak integration area
measurable above noise is 0.05 (units of 1/8 microvolt-seconds) with an

estimated standard deviation of 0.02 (40 percent). With the instrument at

its highest sensitivity (attenuation -4), an injection of 100 microliters of
methanol vapor at 24 ppm yields an area of 1.20. From this the minimum peak
area of 0.05 corresponds to a concentration of ] ppm. The calculated

uncertainties for various concentrations of gaseous methanol ,nd for

selected gaseous hydrocarbon standards are shown in Table B8.

TABLE B8. UNCERTAINTY IN QUANTIFICATION OF GASES.

Uncertainty, percent

Concentration, ppm ,methanol methane ethane propanes/butanes

1 40.
2 20. 8,i. 40. 23.4 -.... 43. 22.• Ii1

I0 10. I1. 9. 5
15 1.3 J0. 4. 2.

50 0. 6 6. 2. 1
100 0.4 5. 1. 0.6
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In many cases, peaks which are too ;min.] lo be detet.'AAd by lhe, lI'.58t80A

computer can still be detected visually. in this case tHie peak height ([1)

in millimeters measured from the graphac!•L output (:all be isc.d. For small,

sharp peaks,

H = k'CV,

A 1 ppm solution of methanol in water gives peak heights of f mmui and 1] mm

for injection volumes of 0.2 and 0.5 microliters. It is estimated that a

peak height of 3 nun could be detected. This indicates that 0.5 ppm of

methanol can be detected and quantified. The uncertainty in quantification,

however, is rather large. For a peak of 3 mm, the minimntu, peak height, the

standard deviation above noise is estimated at 1 ami (30 percent error).

This work shows that gaseous hydrocarbons and methanol down to I ppm

can be detected and quantified. Somewhat better detection limits exist for

liquid samples and for split]ess injectioti.

Gas chromatography/mass spectrometry was performed with a Finnigan

Model 4600 Gas Chromatograph/Mass Spv-,ctrometor with computerized spectral

matching capabilities. The capillary coluimn characteristics are 30 meter

length, 0.2 mm ID, 0.25 micron film thicrkness, SE-54 phase ("nonpolar"), 94

percent-dimethyl-5 percent--diphenyl-l pertzent-vinyl-polysiloxane, J&W

Scientific catalog number 112-5432.

The gas chromatography and gas chromatography/mass spectrometry

determinations performed on the ash extract.s showed only peaks identified n'.

coming from impurities within the solvents or from column bleed. Since

high-boiling polycyclic aromatic hydr'(,arhmnr; (PAils) are o.nisid r.kd the most

likely component to be found in the ash residue, the chromatographir

analyses were performed with a variable temperature program including arm

eight-minute final time at 2500 C. Again no peaks arising from ash

components were detected.
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DISCISS ION

The density of the combustion residue from the first series of tests

was approximately one.--half that of the residue from the second series.

Elemental analyses showed a large amount of carbon, nitrogen, and, to a

lesser extent, hydrogen in the residue from the first series of tests and

very small amounts of these materials in the residue from thtý second series.

The residue from the first so-ries could be burned further with a sign.ificant

loss of weight. All of th(ese ol)servations show that the comlbustion 0i the

Series I tcests. with the smaller incinerator, was much less complete than

that in the Series 2 tests.

The density of the: ground mat ei'i al (vo.i d spaces presumably eliminated')

was about twice that uf unground material of the same sample (i.e.,

including thi- void Slraves'. This indicates thit. about one--half the residual

ash is Void space.

Thea;h easily passes the Extrac-tion Pro:cedure Toxicity Test, and sine,:

it exhibits none of the other characteristics of a hazardous waste

(ignitability, corrosivitv, .nd reactiviiv) as defined in the Code of"

Federal Regulations (Reference B3) and is not a listed waste, it is not

classifiable as a hazardous waste under RCRA except in those states wli'ch

Classify the foam itself as a hazardous waste. That organic materials down

to the I ppm level are not detected in water or methanol extracts of the ash

samples indicates that there should he no environmentally unacceptaible

leachates upon disposal in a landfill. Apparently the carbon in the samples

is prilidar i I y amorphous rat her than o'ganic.
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CONCLUSIONS AND ItMCOWHtENDAT TONS

The larger CONSUMAT incinerator us-ed in the Seties, 2 tests gives less

ash (be't ter volume roedetlmion) than do,". th,, smaller inciner. I or used for thi:'

Series 2 tests. This olbs,.-rvation giver; no i nf'or'iat ion ab,:,ul .-Ii s i ons,

which were separately evaluated. Wi th ,oithvvr i ill' nrator * !ie ash from

coiiibus tion of polyurethane Nuel ,c'.ll fill'1 i .: envirome•nt:. 1y rlcvv.,ptali and

is not a lhazardous waste under RCIA reguIaLions or under rFe,,u] ati iIr " th1

states of Georgia or Utah. The ash could he landfilled, if desired, in

those states. Since Ash residues fromt hna_'duus wastes are 'l-ass i oirl as

hazardous under RCRA, the ash, unless delisted, would automatically be

considered a hazardous waste in most states consider:ing the foam to be. a

hazardous waste.
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LI1ST OF~ iLPEUNCES

BI. Test Methods for the EvutLuation of' sol.__ijW.ts'.Ilhys-i cl_.1_/ ,hewiical
Met hocds, EPA Publ icatioon SW-84G, 2nd. Ed., 1982, as amended by Update I

(April . 1984) nud Upa•Ite I I "A'ri 1, 1985)

B2. Toxicity Character'istic •-_ _ - U.S. EPA, Office of Solid

WwsI,,1, I ( Mar'ch 1•, 1.

B3. Ident i fication and l~s Li nj. of -lki.•aiou_ Wast _.,Subpart. C.,

"Charateristics of a Hazardous Wast,:," 40 CFR 261.20 through 40 CFR

261.23.
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APPENDIX C

LABORATORY RESULTS

AND PATENT EVALUATION
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TABLE C-i. HYDROLYSIS.

TIME AT WHICH
SAMPLE DEGRADATION OCCURRED

Red (dry) 189 Hours

Orange (dry) 189 Hours

Yellow (dry) 189 Hours

Light Blue (dry) 237 Hours
(not totally degraded)

Dark Blue (dry) 237 Hours
(not totally degraded)

Red (immersed in water) 72 Hours

Orange (inmmersed in water) 72 Hours

Yellow (immersed in water) 72 Hours

Light Blue (immersed in water) 496 Hours

Dark Blue (immersed in water) 496 Hours
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TABLE C-2. ULTRAVIOLET DEGRADATION.

PERCENT
DURATION OF TEST WEIGHT

TYPE OF FOAM (HOURS) LOSS OBSERVATIONS

Yellow 125 5.34 Discoloration of foam
(Polyester) on the side of the

specimen facing the
light source.

Red 110 1.07 Discoloration of foam
(Polyester) on the side of the

specimen facing the
light source.

Orange 162 9.68 Same discoloration as
(Polyester) above. Slight white

residue on flask and a
strong odor was
present.

Light Blue 117 5.37 Same discoloration as
(Polyether) above. Some crumbling

and a strong odor were
present.

Dark Blue 119 17.43 Same discoloration and
(Polyether) strong odor as above.

Much of the specimen
was brittle and
crumbled.

Dark Blue 110 1.44 Some white residue on
(Polyether immersed in the side of the speci-

water) men facing the light
source.

Dark Blue 110 7.41 Discoloration of foam
(Polyether subjected to specimen on the side
water vapor) facing light source.

Some crumbling of
specimen was observed.
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TABLE C-3. BIODEGRADATION TEST NO. 1.

Duration of Test: 14 Days

INITIAL FINAL
WEIGHT WEIGHT PERCENT WEIGHT

SAMPLE BACTERIA/MEDIUM (GRAMS) (GRAMS) LOSS

SYBRON Chemicals
Dk. Blue No. 1 BI-Chem DC-1002 CG/ 0.3973 0.3966 0.18

DC - 1009 - Cy mix

Dk. Blue No. 2 Same 0.3958 0.3969 -0.28

Dk. Blue No. 3 Same 0.4019 0.4014 0.12

Lt. Blue No. 1 Same 0.4669 0.4695 -0.56

Lt. Blue No. 2 Same 0.4452 0.4460 -0.18

Lt. Blue No. 3 Same 0.4550 0.4568 -0.40

Yellow No. 1 Same 0.4322 0.4257 1.5

Yellow No. 2 Same 0.4578 0.4571 0.15

Yellow No. 3 Same 0.4856 0.4777 1.63

Red No. 1 Same 0.4683 0.4615 1.45

Red No. 2 Same 0.4348 0.4278 1.61

Red No. 3 Same 0.4396 0.4300 2.18

Orange No. 1 Same 0.6620 0.6500 1.81

Orange No. 2 Same 0.5979 0.5864 1.92

Orange No. 3 Same 0.6026 0.5903 2.04
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TABLE C-4. BIODEGRADATION TEST NO. 2.

Duration of Test: 8 Days

.INITIAL FINAL
WEIGHT WEIGHT PERCENT WEIGHT

SAMPLE BACTERIA/MEDIUM (GRAMS) (GRAMS) LOSS

SYBRON Chemicals
Dk. Blue No. I BI-Chem DC-1002 CG/ 0.3729 0.3712 0.46

DC - 1009 - Cy
0.1 M Phosphate Buffered

Ammonia Solution

Dk. Blue No. 2 Same 0.4145 0.4140 0.12

Dk. Blue No. 3 Same 0.3867 0.3879 -0.31

Lt. Blue No. I Same 0.4432 0.4449 -0.38

Lt. B3lue No. 2 Same 0.4646 0.4643 0.06

Lt. 3lue No. 3 Same 0.4486 0.4501 -0.33

Yellow No. 1 Same 0.4312 0.4269 1.0

Yellow No. 2 Same 0.4515 0.4437 1.74

Yellow No. 3 Same 0.4373 0.4312 1.39

Red No. 1 Same 0.4611 0.4547 1.39

Red No. 2 Same 0.4578 0.4508 1.53

Red No. 3 Same 0.4727 0.4639 1.86

Orange No. 1 Same 0.5746 0.5662 1.46

Orange No. 2 Same 0.5800 0.5676 2.14

Orange No. 3 Sane 0.6415 0.6275 2.18
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APPENDIX D

INCINERATOR COMPANY CONTACTS

AND
INSTALLATION/OPERATION PERMITS
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INCINERATOR COMPANY CONTACTS

1. Advanced Combustion Systems, Inc.
Mike Milnes
2183 E. Bakerview
Bellingham, Washington 98226
Phone (206) 676-6005

2. Alpine Products
Paul Heffron
3235 Vassar N.E.
Albuquerque, New Mexico 87107
Phone (505) 884-1193

3. Consumat Systems, Inc.
Dan Tuszynski
P.O. Box 9379
Richmond, Virginia 23227
Phone (804) 746-4120

4. Incinerators International, Inc.
Dick Dunham
2702 N. Main
P.O. Box 8617
Houston, Texas 77249
Phone (713) 227-1466

5. Hi Temp Tech Corporation
Steve Parker
P.O. Box 903
Flemington, New Jersey 08822
Phone (210) 788-6999

6. Industrial Waste Industries
Mehrdad Etemad
1777 Walton Road
Blue Bell, Pennsylvania 19422
Phone (215) 643-2100

7. Omega Conversion, Inc.
Ken Hiadin
1137 N. Woodvine Avenue
Narberthe, Pennsylvania 19072
Phone (215) 664-6554
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8. Southeastern Waste Control
Paul Scarberry
P.O. Box 278
Charleston, South Carolina 29402
Phone (803) 723-6240

9. Trane Thermal
Frank Romano
Brook Road
Conshohocken, Pennsylvania 19428
Phone (215) 828-5400

10. Thermal Reduction Co.
Brian Stephen
1321 King Street
Be] Iingham, Washington 96226
Phone (206) 676-0660
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APPLICATION FOR AN AIR QUALITY PERMIT TO DO NOT WRITE IN THIS SPAIM
GNSTRUCT, MODIFY OR OPERATE AN INCINERATOR Permit No. !

Complete and return two copies to- Date Approved:_

AIR QUALITY CONTROL SECTION
4VIR4INTAL PROTOCTION DIVISION Date Disipproved_

DEPARiMEIT OF NATURAL RESOURCES
270 Washington Street, S.W., Rm. 816 Reviewer;
Atlanta, Georgia 30334

THIS APPLICATION IS FOR: New Installation Extensive Modification

GIVE BEST ESTIMATE) DATE IO:

Begin Installation Start up Equipment

ýHs the incinerator been previously permitted?

If yes, give date and permit number

NAME OF FIRM, INSTrlUFION OR ETABLISHIMENT:

MAILING AUSOF ICNIRAL OFFICE (street/P.O. Box, city, state, zip code)

IICINERAMR LDCATION (street, city, county, zip cooe)

PELJ0H 10 WDNTACr REGARDING ThIS APPLICATION (name and title) TELEPfIVEr

III
NM OF CONGULTING F=t/

AWRlM•3 (street, or P.O. Box, city, state, zip code) TELEP1ONE

IV ADDITIONAL INFORMTION REQUIRED:

(1) Include detailed drawings of the unit along with pertinent
specifications and combustion calculations, showing location and size
of all burners, timers, air inlets, dampers, volumes and construction
materials. These drawings must show the unit to be installed, not a
general description. Detailed drawings of any type control equipment
used in conjunction with this unit shotild be inchlded. If I tCe11t
for modification is desired, drawings must show the unit before and
after the proposed modification.

(2) A plot plan and/or location map should be included showing incinerartor
location with respect to surrounding buildings, rnads, and rv';,det i:,l
areas.
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V rr.nw(I•:AI, DATA ON INCINFRAT1R:

(A) INCINH.ATUR MAKE ANM MODLI. NIHIb__h

RATED CAPACITY FOR I.I.A. TYPE WASTE lbs/hr

(B) MANUFACTURERS CERTIFICATION OF EMISSIONS AT NORKAL RATED CONDITIONS:
(1) Particulate (2)Opacity of Visible

Corrected to 12% CO2  Gralns/dscf Emissions %

(C) STACK: Height ft Dia ft Temp __ 0 F Flow Rate SCFM

(D) DRAFT: . C.4; Natural( ), Induced( ), Forced( ), Excess Air I

(E) FOR STARVED AND CON71(LLED AIR INCINEATORS:
Number of Chambers; 1 ( ) ( 2E( ), 3 ( ) (If 3, complete section "F")
Primary OCamber Volume ft3 Secondary Chamber Volume ft 3

(F) FOR MULTI AND THRE CHIN4BEfD STARVE) OR CONTROLLED AIR INCINERATORS:
(I) Primary (2) Flame

Chamber Volume ft 3  Port Area ft 2

(3) Settling (4) Settling Chamber
Chamber Area ft 2  Length ft

(5) Hearth (6) Effective
Arena ftZ Grate Area- 1t 2

(G) PURNIRS: Primary; number Size BTU/_ _

Secondary; number , Size -TU/Ii

(H) FUEL: Type Estimated Annual Consumption

(I) OPERATING SCHEDULE lb/waste/hr, hr/day, day/wk, wk/yr

(J) TYPE WASTE: Give expected lb/hr of each and BTU/lb if 1S or #16 waste
(0) (1) (2) (3) (4)
(S) ýAI-/hr -- T-- •BTU 6h/hr

Infectious (Give breakdown)

VI THIS APPLICATION FOR AN AIR qUALITY PERMIT IS SUBIITTED IN ACCORDANCE WITH
fTIE PROVISIONS OF THE GEORGIA AIR QUALITY RULES AND REGULATIONS, AND TO
TME BEST OF MY KNOWLEXE IS TRUE AND CORRECT.

NAME OF OWNERR ORAUtI-IORIZED OFFICIAL TITLE

SI GNAfJRIE _DAT'lI
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COUNTY OF SACRAMENTO

AIR POLLUTION CONTROL DISTRICT

NORM COVELLI

AIR POLLUTION CONTROL. OFFICF.r

APPLICATION FOR AUTHORITY TO CONSTRUCT AND PERIlIr TO OPýERAT`E

A , T his application foriiti m ust tic tilled O ul co ,iflP lile ty I S R C I N

13. Thes appropriate filing Ite must be submitted with the application

1. business License Namte of organization that.i, to receive the permit'

nmuagt gravel CIr, 110eoot lt6. No2. Mailing Address:

3. PUsant to ttemvsowtf~e~h& Safety Code of this State of California and the Rules A Regulations. Sacramento
Countir Air Potlution Contro rOtiltrtct. application is hereby madet tor Authority to Construct and Permit to Operate the
foll owing:

4. Above equipment to be operated at: ~~,g

5 Estimated Starting Detw Estimated Cowmplertion Da1Le

8. ft change of ownership give date of transfer

7. Signature of reispoinsible officer.
Partner. or proprieor of tirm. ?_______________ ____ ate . -

6. Type or print namte and title
of above officer:

- D0 NOT WRITE BELOW (A P.C 0 USS ONLY)

*AT@STAaMP APPLICATION AwolPtArNIi uMtAq Alt( FEE of, r' I

flare PIC IISUI[O Pro PVCI P.O atcrMOT

sON.,aA PAOE Ourv, u

Further information or Clarification Concerning permits can be obtained by writing or calling (916) W-20.?fl
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