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FOREWORD

This report pertains to a study of the disposability characteristics

of 104 military packaging materials. The work for this study was per-
formed under Task 10, Project D552,

In the development of the recommended disposal technique for
the military packaging materials, it was necessary to define their dis-
posal characteristics, to review available disposal processes, and to
develop and employ an analysis methodology that utilized a standard
set of evaluation criteria. The results of the analysis were presented
on standardized fact sheets.

During this study, a wide range of related literature was collected
and reviewed. A complete list of this literature is included in the
Selected Bibliography, Appendix E. Previous work that especially
influenced the content of this report included the following:

. The Role of Packaging in Solid Waste Management, 19686
to 1976, Arsen Darney and William E. Franklin (of Midwest
Research Institute), for the U.S. Department of Health,
Education, and Welfare, Bureau cf Solid Waste Management,
Contract No. PH 88-67-114, Publication SW-5C, 1969,

. Solid Waste Management of Plastics, Arthur J. Warner,
Charles H. Parker, and Bernard Baum (of Debelle &
Richardson, Inc.) for the Manufacturing Chemists Asso-
ciation, Project 1440,2, December 1970,

5 Handbook of Chemistry and Physics, Charles D. Hodgman,
Chemical Rubber Publishing Company, Ohio, 35th Edition,
1954.

This project was carried out by Booz, Allen & Hamilton Inc. The
principal investigators were Mr. Stephen J. Yurasits and Mr. Kunj
Behari of Booz, Allen Applied Research in Bethesda, Maryland, and
Mr. Duncan P, MacArthur of Foster D. Snell, Inc., in Cleveland.
Project Officer for the U.S. Army Natick Laboratories was Mr, Jesse

D. Hill, and thz Alternate Project Officer was Mr. Raymond T. Mansur,

both of the Paclaging Division, General Equipment and Packaging
Laboratory.
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ABSTRACT

3 Fact Sheets on the dispossbility characteristics of 104 commonly
: used militery packaging materials are presented in this report
together with the methodology used in their development.

The report is divided into two parts; the first part being a
brief introduction to the Fact Sheets and the Fact Sheets them-
selves, and the second part contalning o complete description
of the analysis methodology.

Chp oo el L

The methodology is described in detail to show how puckaging
materials were selected for analysis; how the materials were
categorized; the general disposability characteristics of each
category; the applicable waste managorcn.. .w:thods; and the de-
talled sequence that was followed during : . analysis to finally
determine the disposability of each material by each applicable
waste disposal process. The methodology therefore reveals an
approach that can be used in the future as new packaging materials
are introduced and require analysis.
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I, INTRODUCTION

This study was conducted to determine the best disposal methods
to be used for individual military packaging materials, The results of
the detailed paper analyeis were described on an individual summary
Fact Sheet for each of the 104 military packaging materials considered.
The Fact Sheets were prepared to be useful references for military
installations and to offer guidance in the selection of environmentally
and economically sound treatment and reclamation or disposal processes.

A detailed technical discussion of the overall approach that led
to completion of the summary Fact Sheets was also prepared for use
by Natick Laboratories as a reference for possible future analyses.
This analysis approach employed the following basic steps:

. A list of 104 materials was prepared in close coordination
with Natick Laboratories., The material categories
included chemicals, * glasses, metals, papers, plastics,
textiles, and woods.,

. Tlie disposability characteristics of packaging materials
were defined for each available process.

. The alternative processes available for the disposal of
packaging materials were reviewed. The possible disposal
alternatives included reuse, recycling, pyrolysis, com-
posting, baling, incineration, sanitary landfill, sea
disposal, and subjecting to microbial treatment.

. A comprehensive review of current related literature was
made and related manufacturers and trade associations
were contacted to examine the present disposal technology

% The term "chemical" is being used throughout this report to
denote liquid materials such as I: bricants, cleaning fluids, and
preservatives at the express reqguest of Natick Laboratories.
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and to identify related studies that have been conducted in
the disposal of waste materiaid.

. The alternative solid and chemical wuﬁ dtlpoia.l processes

were logically arranged to display the sequence in which
they could be used.

. The Summary Fact Sheet format for solid materials and
for chemical materials was finalized to permit a standard
presentation of the results of the disposability analysis.

. Criteria were developed tc atandardize the analysis of each
material. The three fundamental criteria classes were
environmental, operational, and economic.,

. A methodology for employing the criteria was developed.
Utilizing the methodology, an analysis was performed to
determine the preferred disposal process.

e The results of the analyses were entered on the Summary
Fact Sheets for each individual material.

Although this study was not intended to quantify the amount of
military waste materials, an indication of the magnitude of the overall
waste generation problem at U.8. Army facﬂities is shown by the
refuse data that is displayed in Table 1.
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1I. DESCRIPTION OF THE METHODOLOGY;
DEVELOPMENT, AND APPLICATION

This chapter of the report is organized into four separate
sections, These sections present:

. The manner in which the materials were selected
and grouped in generic categories

. The general disposability characteristics for each
material category

. A summary of was' > management methods that are
applicable to packaging waste

. A summary of the criteria developed and methodology

utilized to determine the preferred disposal process.

1. SELECTION OF MILITARY PACKAGING MATERIALS TO
BE INCLUDED IN THIS STUDY

The list of military packaging that was selected for analysis
was developed in close coordination with officials of Natick Labora-
tories, The selected materials represent those that are most com-
monly used and are presented in Table 2,

Although the list of materials is not meant to be all inclusive,
it does represent a broad overview of the common materials that are
used for military packaging purposes.

Table 2 provides each of the following descriptions for the
individual packaging materials,

. Material Number —A sequential numbering system has
been employed so that one number is assigned to each
specific military packaging material, This same number
for each material is identified on its Summary Fact
Sheet and on its Numerical Process Evaluation Matrix,
which appear later in Chapter III and Appendix C, re-
spectively, of this report.,

-4-




Table 2

Common Military Packaging Materials

MATERIAL CATEGORY!/ COMMON NAME FEDMIL.
NUMBER NAME (FORM) USE $PECS.
CHEMICALS
1 ACETONE ACETONE SOLVENT 0-A-51
(LIOVID)
2 BENZENE BENZ2OL SOLVENT vv-8-231
{LIOUID)
3 CARBON TETRA- CARBON TETRACHLORIDE SOLVENT
CHLORIDE {(LIOUID)
4 CORROSION CORROSION PREVENTIVE PRESERVATIVE MIL-C-6529
Pr _VENTIVE (FLUID) MIL-C.15074
MIL-C-18173
MIL-C-B1304
MIL-C-11796
5 CORF _LION DESSICANT DEHYDRATING MIL-D-3464
PREVENTIVE (POWDER) AGENT
6 CORROSION OIL TYPE VOLATILE PRESERVATIVE MIL-1-23310
PREVENTIVE CORROSION INHIBITOR
(FLUID)
7 CORROSION vCl PRESERVATIVE MIL-1-:22110
PREVENTIVE (SOLID)
8 DETERGENT ALKALI CLEANING DETERGENT P.C-436
COMPOUND
(LIOVID)
9 DETERGENT DETERGENT DETERGENT MIL-D-16791
(LIOUID)
10 GREASE GREASE PRESERVATIVE MIL-G- 7711
(FLUID) MIL-G-23827
MIL-G-10924
1 LUBRICATING LUBRICATING OIL PRESERVATIVE VV-L-800
o]]8 (LIOVID) MIL-L-3150
12 METHANOL WOOD ALCOHOL SOLVENT 0-M-232
(LIOVID)
13 PETROLATUM PETROLATUM PRESERVATIVE MIL-C-10382
{(LIOUID)
14 PETROLEUM STODDARD SOLVENT SOLVENT P-D-680
CLEANING {(LIQUID)
SOLVENT
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Table 2 (Continued)

MATERIAL CATEGORY/ COMMON NAME USE FEDMIL.
NUMSER NAME (FORM) SPECS.
16 PETROLEUM MINERAL SPIRITS SOLVENT TT-T-291
DISTILLATE (LIOVID)
16 TETRACHLORO- PERCHLORO- SOLVENT 0-T-238
ETHYLENE ETHYLENE
(Liquio)
17 TRICHLORO- PERCHLORO- SOLVENT 0-T-634
ETHYLENE ETHYLENE
(LiQUID)
GLABSES
18 GLASS FIBERGLASS CUSHIONING MIL-C-17435
(FIBER)
19 GLASS/ FIBERGLASS CONTAINERS,
PLASTIC (SHEET) TRAYS
20 GLASS GLASS CONTAINERS
{SOLID STOCK)
21 MINERAL VERMICULITE CUSHIONING MiL-v-21828
(FIBER) MiL-v-23778
METALS
2 ALUMINUM ALUMINUM (FOIL) TRAYS, MiL-A-148
WRAPPING
23 ALUMINUM ALUMINUM CANS, TUBES QQ-A-250
(SHEET)
4 LEAD LEAD TUBES Q0-L-201
(SHEET)
2% STEEL, IRON METAL CYLINDERS CYLINDERS,
(SOLID STOCK) CAPS
2 STEEL, IRON METAL DRUMS DRUMS PPP-D-706
(SHEET) PPP-D-711
27 STEEL, IRON METAL STRAPPING STRAPPING QQ-s-781
(STRAPS)
28 TIN-PLATED TIN CANS CANS PPP-C-98
STEEL (SHEET) PPP-C-290
38 TIN-PLATED BIMETALLICS CANS
STEEL/ (SHEET)
ALUMINUM
0 VARIOUG: AEROSL LS PRESSUR- PPP-C-98
METALS {SHEET) IZED CANS
-6-
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Table 2 (Continued)

W T I ST T T R

MATERIAL CATEGORY/ COMMON NAME UeE FEDMIL,
NUMBER NAME (FORM) 3-8
PAPERS
n FIBER- COATED CORRUGATED CONTAINERS PPP-8-1608
BOARD CONTAINERBUARD
(SHEET)
2 FIBER- CORRUGATED AND SQLID CONTAINERS PPP-8-640
BOARD BOARD OR CONTAINER- PPP-8-676
BOARD PPP.B-1384
(SHEET) PPP-8-838
PPP-F-320
3 FIBER. WAX IMPREGNATED CONTAINERS PPP-8-1163
BOARD CORRUGATED BOARD MiL-C-3055
(SHEET)
k] PAPER BAG AND SACK BAGS, SACKS ?PP.S-30
(SHEET) vu-8-36
uu-S48
k) PAPER COATEOD, IMPREGNATED WRAPPING, MiL-P-20203
(SHEET) BAGS UU-P-134
k) PAPER CONVERTING, ENVELOPE ENVELOPES, PPP-T-45
(SHEET) TAPES
n PAPER NEWSPRINT WRAPPING,
(SHEET, SHREDS) DUNNAGE
38 PAPER PULP TRAYS
(MOLDED)
» PAPER TISSUE WRAPPING Uu-P-663
(SHEET)
40 PAPER VCI TREATED CONTAINERS PAIL-P-3420
PACKAGING MATERIALS
(SHEET)
“ PAPER WAX PAPER WRAPPING
(SHREDS) DUNNAGE
42 PAPER WRAPPING WRAPPING, uu-P-268
{SHEET) BAGS
a9 PAPER. Ci1iPBOARD, BOXBOARD BOXES Uy-C-282
B80ARD (SHEET) PPP-8-568
U 44 PAPER- SPIRALLY WOUND CAN MiL-C- 2439
80ARD FIBER CAN
{TUBE)
45 PAPER/ POLYOLEFIN - FOIL- WRAPPING, MiL 3131
FO L LAMI- PAPER BARRIER
NATION (SHEET) MATERIAL

-%-
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Table 2 (Continued

MATERIAL CATEGORY/ COMMON NAME USE FED/IL.
NUMBER NAME (FORM) SPECS.
46 PAPER- METAL-EDGED PAPER- BOXES PPP-B-085
BOARD/ BOARD
METAL (SHEET)
47 PAPER- METAL-EDGED PAPER- DRUMS, PPP-D-723
BOARD/ BOARD TUBES
METAL (SHEET)
48 FIBER- WOOD-CLEATED FIBER- BOXES PPP-B-591
BOARD/ BOARD
WOO0D (SHEET)
PLASTICS
49 ACRYLONITRILE ABS TRAYS, L-P-1183
BUTADIENE (SOLID STOCK, SHEET) CONTAINERS
STYRENE
50 CELLULOSICS CELLOPHANE * WRAPPING, L-C-110
(FILM) BAGS PPP-B-16
51 CELLULOSICS CELLULOSE ACETATE CUSHIONING PPP.C-843
(FOAM)
52 CELLULOSICS CELLULOSE ACETATE WRAPPING L-P-504
(SHEET, FILM)
83 CELLULOSICS CELLULUSE ACETATE CONTAINERS L-P-397
BUTYRATE L-P-348
(SOLID STOCK)
54 CELLULOSICS STRIPPABLE PLASTIC COATING MIL-P-45021
COATING - COLD
(FILM)
86 CELLULOSICS STRIPPABLE PLASTIC COATING MIL-P-149
COATING - HOT
(FILM)
56 EPOXY EPOXY RESIN COATING MIL-R-21931
(FILM)
67 IONOMER SURLYN WRAPPING, MIL-P-48124
(FILM, SHEET) MOLDED PARTS
68 IONOMER SURLYN CUSHIONING
(FOAM)
&0 PHENOLICS BAKELITE TRAYS, MIL-R-3745
(SOLID STOCK) CONTAINERS LP-1126
LY PLASTIC/FOIL POLYOLEFIN/ WRAPPING,
LAMINATION ALUMINUM/ POUCHES
POLYESTER, MARPLEX
(SHEET)
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3 ! Table 2 (Continued)
.g\:
i MATERIAL CATEGORY/ COMMON NAME e FEOMIL.
: i NUMBER MAME (FORM) ®ECi.
13
e POI.YACRYLICS LUCITE, CONTAINERS L+-507
. PLEXIGLAS MILP-8184
(SOLID STOCK, SHEET)
é- 62 POLYAMIDS NYLON SACKS MIL-C-81268
‘ ' {CLOTH)
E 63 . POLYAMIDS NYLON CORD MIL-C-5040
, (FIBER)
: 64 POLYCAR- POLYCARBONATE WRAPPING MIL-P-48144
: BONATE (SHEET) MIL-P-83310
4 ’ 85 POLYCAR- POLYCARBONATE CONTAINERS
; BONATE (SOLID STOCK)
i s POLYESTER DACRON STRAPS
] (FIBER)
E ' 67 POLYESTER MYLAR POUCHES L-P-377
: (FILM)
K
L 68 POLYOLE- POLYETHYLENE WRAPPING, LP-378
1 FIN (FILM) POUCHES
|
& POLYOLE- POLYETHYLENE CONTAINERS MIL-U-40030
FIN (SOLID STOCK)
70 POLYOLE- POLYPROPYLENE CORD MIL-R-24049
! FIN J (FIBER)
N POLYOLE- POLYPROPYLENE WRAPPING, L-P-378
FIN (FILM) POUCHES
] 72 POLYOLE- POLYPROPYLENE CUSHIONING MIL-CB1822
' FIN (FOAM)
1 73 POLYOLE- POLYPROPYLENE CONTAINERS L-P-293
FIN (SOLID STOCK) L-P-304
74 POLYSTYRENE POLYSTYRENE WRAPPING L-P-508
(SHEET, FILM)
7% POLYSTYRENE POLYSTYRENE CONTAINERS, L-P-396
(SOLID) MOLDED PARTS,
SHEETING
76 POLYSTYRENE STYROFOAM CONTAINERS
(FOAM)
3
7 POLYSTYRENE STYROFOAM CUSHIONING PPP-C-880
(FOAM)
” 9-
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able 2 (Continued)

MATERIAL CATEGORY/ COMMON NAME vet FEDMIL.
NUMBER NAME (FORM) SPECS.
78 POLYSTYRENE STYROFOAM DUNNAGE MIL-F-19644
{PELLETS)
79 POLYSULPHONE POLYSULPHONE TRAYS, CON- MIL-P-48120
{SOLID STOCK) TAINERS
80 POLYTETRA. TEFLON WRAPPING MIL-P-22241
FLUOROETHYL- (SHEET, FILM)
ENE
8 POLYTETRA. TEFLON CONTAINERS L--403
FLUOROETHYL- (SOLID STOCK)
ENE
82 POLYURE- POLYURETHANE WRAPPING MIL-P-43604
THANE (FILM)
83 POLYURE- POLYURETHANE CUSHIONING MIL-P-28514
THANE (FOAM)
o POLYURE- POLYURETHANE COUNTAINERS MIL-M-24041
THANE (SOLID STOCK) MIL-C-38226
8 POLYVINYL PVA WRAPPING
ALCOHOL (SHEET)
86 POLYVINYL PVAC WRAPPING L-P-B38
ALCOHOL (SHEET)
) POLYVINYL PVC WRAPPING, L-P-375
CHLORIDE (FILM) POUCHES,
WATERPROOF
COVERS
88 POLYVINYL PVC CONTAINERS, L-P-535
CHLORIDE (SOLID STOCK) BLISTER
PACKAGES,
LINERS
80 POLYVINYLI- SARAN, PVDC WRAPPING L-P-270
DENE CHLORIDE (FILM)
90 RUBBER LATEX CUSHIONING MIL-R-5001
(FOAM)
IEXTILEE
91 BOUND FIBER RUBBERIZED HAIR CUSHIONING PPP-C-1120
(FIBER)
92 CANVAS, TARP TARPAULIN . .
RUBBERIZED (CLOTH)
-10-
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MATERIAL CATEQORY/ COMMON NAME FEDAML.
NUMBER NAME (roM) uee srecs.
® COTTON COTTON (CLOTH) CUSHIONING
™ COTTON COTTON (CLOTH) RAGS
o COTTON COTTON (CLOTH) 2ACKS PPPS-1358
PPP8-1087
9 FELT FELT CUSHIONING CF-202
(SHEET) C-F-208
97 JUTE BURLAP SACKS PPP-8-36
(CLOTH) CCC-C467
[ SCRIM/FOIL POLYOLEFIN/ BARRIER MILB-1Y
LAMINATION ALUMINUM/SCRIM MATERIAL
(SHEET)
[ ] wWOO0D COOPERAGE KEGS NN-K-231
(BOARD) PPP-8-4)
100 wWOO0D EXCELSIOR DUNNAGE PPP-E-911
(SHREDS) :
101 wWOO0D PLYWOOD CRATES NN-P-530
(SHEET)
102 wWOO0D VENEER CRATES PPP-v-208
(SHEET)
[ <] wWO0D wo0D CRATES rPP-3-621
(BOARD) PALLETS MIL-P-3038
104 WO0D/ NAILED OR CRATES PPP-3-800
METAL WIRESOUND PALLETS PPP3.887
(BOARD)
O 1 1 -
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. Category —This is the fundamental class of the specific
pa materials, The different categories utilized
are chemicals, glasses, metals, papers, plastics,
textiles, and woods,

. Name— This is the common generic name of the material,
0 Common Name (Form)— This is the common name of the

material. In parentheses is the form in which the material
is analyzed.

o Ugse— This is the common intended use of the material.
. Federal/Military Specs— This is the federal or military

specification that defines the particular packaging
material,

2. GENERAL DISPOSABILITY CHARACTERISTICS
OF MATERIALS BY CATEGORY

Although packaging materials can be described by their physical
and chemical characteristics, there are no universally accepted
criteria for their disposability. Therefore, during this study dis-
poeability criteria for the evaluation of the selected materials were
developed for each applicable disposal process. For exampls, these
criteria readily permit an initial determination that a noncombustible
material would be undesirable for disposal by an incineration process.
Further application of the criteria may determine that this material
is a good candidate for disposal by the sanitary landfill process.

This section briefly describes the disposability characteristics
of each chemcial and solid.packaging material category. The Criteria
Development Analysis, as described in Chapter 11, Section 4, and in
Appendix B of this report, contains a more comprehensive description
of the disposability characteristics of packaging material,

(1) Chemicals

Chemical (liquid) preservative and packaging compounds,
represented by 17 of the materials included in this study, are
normally used in conjunction with other forms of packaging to
protect a product from abrasion, wear, or chemical corrosion,

-12-




The chemicals investigated in this study include the corrosion
preventives, oils, solvents, and detergents that are used by
the Army in packaging or ancillary to packaging, such as
corrosion removal,

In general, chemical packagir.g materials exhibit the
following disposability characteristics:

. High combustibility
5 Material density ranging from 53 to 72 lb/cu ft
. High toxicity.

These disposal characteristics are generally applicable to the
range of chemicals that was analy:ed in this study. Therefore,
separate sets of specific disposal characteristics for individual
categories of chemicals were not developed.

The typical methods for disposal of chemical wastes by
recovery and reuse are based upon small- and medium-quantity
lots.

The chemicals included in this study (primarily solvents)
are relatively inexpensive, Consequently, equipment and
procedures for reclaiming the chemicals of small lots (less
than 1 liter) would not be economical, However, carbon
tetrachloride, tetrachloroethylene, trichloroethylene, Stoddard
solvent, and benzene when used as dry cleaning fluids are
exceptions, since most dry cleaning equipment includes a
small recovery and cleaning still,

The Summary Fact Sheet for each type of liquid waste
contains a ranking for each method of disposal applicable to
the particular chemical involved, Recominended procedures
for disposal of liquids by either recovery or final disposal
are alsn briefly describec¢ in the Summary Fact Sheets, Pro-
cedures are indicated for disposal of small spills of liquids
and for recovery or final disposal of large quantitiea of highly
hazardous liquids.

Some liquid materials, such as pastes and hazardous
liquids, require special handling for spills., Paste materials,

-13-
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such as greases and petrolatum, are normally used a= coatings
for prevention of corrosion or =5 lubricants, These materials
will remain relatively consistent if spilled and would therefore,
not constitute a typical spill. Generally, small spills of these
materials can be dispused, large spills can be recovered, and
the uncontaminated portion of the material can be reused,
However, after the paste materials have been used as lubricants
or as coatings for prevention of corrosion, they are generally
noi reclaimable,

The special procedures for disposal of the paste materials
also apply to hazardous chemicals. However, the following
additional procedures must be used for the handling of a hazard-
ous chemical spill,

. Prepare the chemical handling area fai: emergency
conditions prior to handling the material, Emergency
facilities should be constructed (for example, con-
tainment berms) with safety and emergency pro-
cedures in ready condition and close at hand. Spills
should not be allowed to enter sewers or waterways.

. Evacuate the area of all personnel except those
properly equipped, trained, and necessary for
containment and collection of the material,

. Follow prescribed personne! safety procedures
such as the wearing of respirators.

. Extinguish arld remove all sources of ignition if the
chemical is flammable,

. Contain the spill,

. Collect the chemical as soon as containment is
complete, Necessary equipment should be stored
in the area and easy access is imperative, Examples
of equipment that may be needed include:

- Scoops and pails

- Absorbent materials

- Covered containers

- Cleaning compounds such as detergents




:
F
S
:

P

Mops
Water vacuums
Storage drums,

. Collect as much of the chemical as possible in
appropriate containers {(some solvents will dissolve
plastics).

. Mark all containers with the name of the chemical,

date of spill, description of accident (i, e,, spilled
into dirt, grass, etc.), and a responsible person to
contact for information on the accident. A supplier
may require additional information to simplify re-
processing.

. Wash the spill site,

5 Transport containers of the contaminant to storage,
recovery, or disposal areas as determined by the
cognizant facility disposal office r,

(2)  Solids

Solid materials are used for a variety of military packaging
including solid and flexible containers, wrappings, seals, partitions,
strappings, bags, printed matter, and pallets. Of the 104 mate-
rials analyzed in this study, 87 were solids. The solids can be
readily categorized as being either glass, metal, paper, textile,
wood, or plastic. The relative dominance of the solids in the
study and their ready ability to be categorized provided the
basis for developing disposability characteristics for each
solid material category. The more general characteristics of
the liquids have prevented them from being separated into such
distinct categories,

The general disposability characteristics of the solids’
categories are presented in the following paragraphs,

1, Glass

Glass makes a strong container with high gloss and
transparency. It is cheraicaily inert and an absolute

~15-
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barrier against all external * ifluences except temperature
and light, Based on total U.!), tonnage, glass represents
approximately 18 percent of the total tonnage of packaging
materials,

Among packaging materials, glass can present an
incineration problem regardless of the package size or
shape in an incinerator, Glass may liquefy and then
deposit on the incinerator walls or floor surfaces,
forming a bond with the firebrick which is greater than
the adhesion of the brick itself, When these surfaces
are cleaned, the brick is unavoidably eroded.

Generally, glass exhibits the following disposability
characteristics: :

. Easily fragmented |

. Easily compacted

5 Separable by optical means
. Nontoxic
. Noncombustible

. Highly resistant to biological and
chemical degradation

. Average material density of 156 1b/cu ft,

2. Metal

Metal, which accounts for approximately 16 percent
of the total tonnage of packaging wastes, has one overriding
advantage over any other kind of packaging material—its
strength, Metal containers also generally protect their
contents well from the effecis of heat, cold, moisture,
rougb handling, and light.

Metal containers are noncombustible and are not
reported to cause damage to incinerators unless they
are overly massive., In fact, there is some indication

-16=-
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that the presence of metal containers can have a beneficial
effect by creating hollows in the refuse, thus aiding air
movements and combustion.

Generally, metal exhibits the following disposability
characteristics:

= Noncombustible
. Nontoxin

. Highly resistant to biological and
chemical degradation

. Separable by mechanical means (ferrous
metals),

3. PaEer

Paper and paperboard dominate the packaging
materials field and renresent about 50 percent of all
packaging consumed. This dominance results from
paper s ability to package almost any item, its relatively
low cost and its ready ability to be printed and combined
with other materials. Paper's wide use for packaging
also results from its use as a secondary form of pack-
aging contained within a primary container.

In 1969, of the 53 million tons of fibrous materials
consumed in papermaking, 19 percent was due to re-
cycled waste paper. Because of a number of contaminants,
such as clay coating, asphalt, plastic coatings, adhesives,
and laminations, the desirability of paper as a seconiary
(recyclable) material is reduced, Paperboard and c.n-
struction grade paper are the principal paper stocks
that are recycled.

The disposability characteristics of paper packaging
mater.als are as follows:

. High cellulose content

. Easily fragmented and compacted

-17=
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. Highly combustible

. Nontoxic

. Susceptible to biological and chemical
degradation

. Average material density ranging from
44 to 72 1b/cu ft

. Combustion at temperatures ranging from
200 to 500CF and heat.of combustion of
approximately 7500 Btu/lb,

4, Textil=s

Textiles account for about 0, 5 percent of all packaging
wastes, Most textile packaging is in the form of bags or
sacks, which are made from either burlap or cotton. Only
a small amount of synthetic fibers is used. Burlap bags
are strong and have good tear and snag resistance char-
acteristics, On the other hand, cotton sacks have a
tigher weave than burlap bags and are usually used for
products that might sift through the looser weave of burlap.

Textile bags are often collected, renovated, and
directly reused. Burlap bags may be reused 10 to 12
times before disposal, Cotton sacks are usually put to

a secondary use such as for yard goods for items such
as rags and towels, :

The general disposability characteristics of textiles
are as follows:

. High cellulose content

. Good to excellent fragmentability aand
compactibility

. Nontoxic

. Highly susceptible to chemical and
biological degradation

-18-
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. Average material density of 95 1b/cu ft

. Combustion at approximately 500°F and
heat of combustion of 8000 Btu/lb,

5. Wood

Wood is a traditional packaging material but repre-
sents only a minor segment of all packaging materials.
In terms of U. S. tonnage, wood packaging materials
account for about 9 percent of all packaging materials
consumed.

Wood container: are primarily user. ;ecause of
their relatively low cost and high strength, They often
go through several cycles of use before they are dis-
carded,

Wood is usually used in its natural state; it is
seldom coated or chemically altered, Unlike paper,
wood packaging n.aterials are not usually recycled.
but as stated above, are usually directly reused.

In general, the disposability characteristics of
wood packaging materials are as follows:

. High cellulose content

. Nontoxic

. Susceptible to biological and chemical
degradation

. Average material density of 27 1b/cu ft

o Combustion temperature of approximately
5250F

. Heat of combustion of approrimately 8500

to 9200 Btu/lb,
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6. Plastic

Within the solid materials category, plastic rep-
resents a large and increasing percentage of the total
amount of packaging materials. In addition, plastic pack-
- aging materials represent a wide range of chemical and
physical characteristics. Minor changes in the chemical
composition of some plastics may result in significant
changes in their disposability. .

O 0 O

For these reasons a set of general disposability i
characteristics applicable to all plastic materials could ‘
not be developed., Therefore, the disposability of the
plastics has been specifically characterized for each of
the applicable disposal processes including: reuse, recycle,
pyrolysis, composting, incineration, and landfill. The
disposability characteristics of plastics for each of these
processes are as follows:

Y

. Reuse — The reuse of plastic containers is
i presently limited by the following factors:

-  The present nonreturnable plastic con-
tainers used by the Army will require

1 extensive redesigning in order to incr:.ase

their durability, strength, and capability

to pass through a decontamination precess

for reuse,

E - Additional decontamination facilities
._ will be required at all bases where this
1 prccess is performed.

. Recycle — A key factor influencing the re-
cycling of plastics is the availability of a
market for the waste packaging material
once it has been collected and segregated,
Plastics used as packaging materials (e, g.,
in fabrication of bottles, films, and coatings)
have tightly controlled specifications, but
molded and extruded products such as hard-

3 wares and pipes require raw materials of

1 wider specificetion range, Thus, scrap from

monoplastics (e.g., PVA, polyolatin, and

-20-
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polyethylene} can be used for pipes, pallets,
and a variety of structural products. Such
recycling will require an extensive sorting
of packaging waste into the different types
of plastic. Mechanical means to separate
plastic scrap are not currently available,
and therefore, unless manual separation is
utilized, the use of the packaging material
wastes would be limited to construction and
building materials; for example, plastics
may be mixed with traditional constructicn
materials in walls, roofs, floors, ceilings,
and roads. Reprocessing of a mixture of
different plastics normally produces products
with poor physical properties.

Pyrolysis—Pyrolysis of a comparatively
homogeneous material containing a high
percentage of organic polymer was recently
investigated by the U.S. Bureau of Mines.
That study demonstrated the technical
feasibility of destructive distillation as a
means for obtaining potentially valuable
products from the polymer waste. Pyrolysis
of thermoplastic polymer solid waste might

be a very attractivz reclamation method if

it could be made to yield essentially only a
single product (the monomer) in high yield.
However, numerous v:st studies have shown
that only a few polymers (e.g., polymethyl,
methacrylate and polytetrafluorethylene) can
be made to undergo such a reversible thermal
depolymerization. The vast majority of
polymers, including all the high tonnage
thermoplastics, exhibit complex decomposition
leading to a wide spectrum of products. The
expense of separating even one or two pure
components from such a complex nature is
likely to be too high to make the process
competitive as a source of chemicals. At
present, the pyrolysis process for waste re-
clamation may be regarded more realistically
as a potential source of higher grade fuel
than the original waste.
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Composting-Although plastics are not com-
postible because they are not susceptible to
rapid biodegradation, they do not cause sig-
nificant problems if the refuse is shredded.
Fine plastic particles behave as any other
inert material such as small stones or slate;
therefcre, they would not be expected to have
any detrimental effects on the root development
and growth processes of plants.

Incineration——Plastics do not ignite or burn
readily in many types of conventional incin-
erators; but they do melt, As such, they
deposit as smoldering molten puddles on the
grate and may burn erratically or even ex-
plosively. Since they have very high heating
vawues (15,000 to 20,000 Btu/lb), the resulting
high temperatures require special furnace
designs. In addition, the chlorinated plastics
such as PVC liberate toxic and corrosive
HCL as a combustion product.

Landfill=—The following characteristics of the
plastic materials should be considered before
selecting landfill as the preferred means of
disposal:

- Plastic materials generally do not decay
or rot even after prolonged soil burial,
and therefore represent some of the most
persistent components in the fill. On
the other hand, plastics can be considered
the equivalent of an inert material such as
broken concrete, and thus provide im-
mediate stability to the landfill.

- Plastics in certain physical forms may
introduce special problems in landfills
because they are difficult to compact
efficiently with ordinary compsacting
equipment (tractors, draglines, or steel-
wheeled compactors). For example,
plastic bottles are not easily compacted
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and only those in the lower strata of refuse
become compressed by the overlying weight,
Those with less covering weight are likely to
remain intact and contribute to the springiness
of the fill, The plastic films cause a problem
because they tend to become entangled in the
tread wheels and the radiators of spreading
and compacting equipment,

SUMMARY OF APPLICABLE WASTE MANAGEMENT METHODS

This section presents a summary of waste management methods

that are applicable to solid packaging waste, It is included because
the solids represent nearly 90 percent of the individual materials ana-
lyzed in this study. They also comprise a much larger quantity of
packaging wastes than the chemicals. A more complete description
of these waste management methods is contained in Appendix A.

A general flow diagram for management of solid packaging waste

is shown in Figure 1. The following discussion describes each block,
i, e,, process, shown an the flow diagram,

(1)  Separation, Storage, Coliection, and Transportation

The method of storage and handling of each type of pack-
aging waste is properly determined by its eventual disposition,
The discussion here covers source separation, storage, col-
lection, and transportation.

The waste source is the point at which a packaging
material becomes a packaging waste, typically upon opening
a package and removing its contents., Source separation refers
to the separate storage of waste materials when their mixing
would interfere with their subsequent disposition,

In a warehouse or similar facility that handles large
amounts of packaging materials, the wastes are typically
stored in large metal bins that are mated to collection trucks
to facilitate removal, Paper stock and certain other materials
slated for reclamation can be bundled for shipping,

tanst
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Flow Diagram for Management
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SEPARATION, STORAGE, COLLECTION,
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Compaction devices designed to reduce storage space
requirements are available in various shapes and sizes from
at least 20 manufacturers, These devices pack waste materials
into large bags or metal containers,

Collection vehicles serving commercial establishments or
military bases are designed to cope with large containers and

are generally operated by a singlz operator, They fall into
four categories:

. Semiautomatic rear loaders, similar to the house-
hold refuse coliection vehicles but equipped with a
power device for lifting and tipping the containers

. Automatic front loaders that lift the container

over the cab and du 1p its contents into the packer
body behinad

. Piggyback platforms that lift or pull the full
container onto their chassis

. Small tcain-tractor, power vehicles that hook
up a string of wheeled containers.,

Long-distance hauling of solid wastes is effected with the
aid of transfer stations that transfer the waste from collection
vehicles onto trailer vans, -ailroad cars, or barges. Modern
stations are normally equipped witl. a stationary compacting
mechanism and may contain fragmeatation devices, The
number of such transfer stations is expected to grow rapidly
as landfills move farther away from populated areas and more
favorable cost factors improve their economic feasibility.

(2) Pregaration

Preparation of packaging waste for subsequent processing
may take the form of fragmentation and/or sorting, These
3teps are useful prior to a number of subsequent operations
such as beling, incineration, pyrolysis, reclamation, and
landfill and are conducted typically at a central processing
facility. The requirement for preparatory steps is indicated
on each 'naterial Summary Fact Sheet in Chapter III,
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Reduction in the average size of the refuse fragment,
known as fragmentation, comminution, or presizing, enhances
the homogeneity, packing, and hanoling quality of refuse,

The most cominon fragmentation equipment includes hammer
mills, shredders, shears, and wet pulpers, Other devices
with essentially similar functions are variously known as
ball mills, cage disintegrators, chippers, crushers, cutters,
disk mills, drum pulverizers, g‘inders, hoggers, and rasp
mills,

Sorting of packaging waste into its constitutent materi~ls,
also known as separation or segregation, is essential in
recovery operations, but it is also very useful in other pro-
cessing steps where it permits the optional adjustment of
operating conditions to each category of refuse,

Sorting techniques may be categorized loosely as:

. Manual

. Dimensional

. Dynamic

. Optical

. Electrical and magnetic,

In spite of the rising costs of labor, ni2znual sorting
from conveyors is still the most common imethod, Lt is
employed at nearly all composting plants and some inciner-
ators. Development of mechanical methods has beex rath:r
recent and consists largely of adaptation of provan tzchniques
from the mineral processing industry. The alternative pro-
cesses rollowing preparation would be either bulk reduction
or reclamation, Bulk reuauction and its two subprocesses,
as well as fina. disposal, are discussed immediately below,
The discussion of reclamation ard its three subprocesses
begins under heading (7) on Page 30.

(3) Bulk Reduction

Reduction of the bulk or volume of packaging waste
serves to decrease the handling, transportation, and disposa’
costs,
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(4) Baling

Cc.mpression of packaging waste is the most direct method
of bu'k reduction, Its extent is governed not only by the applied
pressure but also by the manner of application and the composi-

tion of waste. In the ideal configuration, all voids are eliminated,

and the close contact between waste particles promotes adhesion
and physiczl interlocking to form a cohesive, stable structure
with a density approaching .hat of the solid material,

Large-scale, high-pressure compaction and baling of
municipal waste was pcpularized with the announcement of a
process for compressing refuse into sterile bales that could
be clad ir. asphalt or concrete and used as building blocks.
Since then, well over 50 United States' firms have entered
the refuse baling field with equipment or management services.

In the narrow bulk reduction role, high-pressure baling
offers a number of advantages over conventional incineration,

. It accepts all types of waste including noncom-
bustibles and plastics,

. It yields greater volume reduction on the basis of
all municipal wastes (80 to 90 percent versus
85 to 75 percent).

. Its capital and operating costs are, respectively,
one-tenth and between one-third and one-half of
corresponding incineration costs.

5 It requires less maintenance and operating skill.
. It generates no significant air or water pollution,
. It produces a residue that is easier io handle,

transport, and landfill,

5 If affords nearly full future recovery of waste
materials.

High-pressure baling ceases to be superior to incineration

when the incinerator process is extcnded to allow recovery of
waste heat.
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(5) Incineration

Conventional incineration of packaging and other solid
wastes has been gradually replacing open burning as a common
approach to bulk reduction. Nevertheless, burning in the open
air still remains the cheapest, most widely used, as well as
least desirable method, The smoke and stench contribute
appreciably to the local air pollution problem, while incom-
pletely barned crgaric waste putrefies and attracts rats and
flies,

A modern incinerator consists of a combustion chamber
where the refuse burns on moving grates at 760 to 982°C
(1400 to 1800°F), a secondary combustion zone for turning off
combustible gases, and flues to convey the exhaust gascs to
the stack and then to the atmosphere. The flues of modern
incinerators are equipped with pollution control devices to
minimize the amount of pollutants discharged into the atmosphere,
After incineration, about 10 to 35 percent of the original volume
of refuse ccnsisting of sterile incombustible residue and fly
ash remains for final disposal,

The major drawbacks of incineration still remain unre-
solved, These include the high cost of construction, maintenance,
and pollution control; frequent downtime to replace refractory
lining; grate elements damaged by excessive temperatures
and corrosive gases, and incomplete combustion caused by
heterogeneity of the waste change, The principal development
efforts designed to correct some of the problems have focused
on incineration of bulky waste, suspension of the waste charge,
improved emission control, high-temperature incineration, and
waste heat recovery,

The recovery of waste heat generated in the i.icineration
of solid wastes, although practiced extensively in Western
Europe, has only recently received well deserved attention in
the United States, as part of the overall concern with air
pollution control and the impending energy crisis. The two
most common designs of waste heat recovery installations
involve steam generation by a boiler located immediately after
the conventional refractory furnace, or by water-bearing pipes
imbedded in the furnace walls, The steam can then be used
for space heating, for driving a steam turbine that could drive
an electric generator, or for other apnlications.
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High-temperature incinerators, alsu known as 3lagging
incinerators, operate at 1500° to 1700°C (2732° to 3092°F), which
is above the melting puint of most common subsiances, whereas
in conventional incinerators the temperature must be maintained
below 1000°C (1832°F) to preveat damage to refractory lining

and grate materials. The principal advantages of high-temperature
incinerators are:

. Accertance of practically all types of municipal
waste

. Outstanding bulk reduction of up to 97 percent

5 Complete combustion of all combustible materials
. Potential utilization of solid residue
. Generally reduced air pollutant emissions,

The disadvantages include:

. Need for auxiliary fuel and fluxing agent
. More rapid deterioration of refractory material
. High emission of NOys,

High-temperature incineration technology has been largely
borrowed from the steel industry, and the several existing
designs are still in the development or demonstration stages.

(6) Disposal

The ultimate disposal of packaging and other solid wastes
generaily takes place on land, since dumping in the waterways
has been banned and disposal at sea is restricted. The pre-
ferred form of land disposal is sanitary landfill, though other
more innovative approaches have been tried as well,

Sanitary lardfill is gradually replacing the open dump as
the preferred method of land disposal and currently accounts
for nearly 10 percent of waste disposal. Under this approach,
the waste is discharged into a trench, compacted by bulldozers,
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and covered with about 1/2 to 2 ft of compacted soil as a sani-
tary precaution.

The amount of wastes discharged at sea grew rapicly
after World War 1I reaching 48. 2 million tons (wet tonnage)
in 1968, but it is now on the decline as a rasult of federal and
state legislation.

In theory the oceans, which cover 71 percent of the
earth's surface, offer a nearly unlimited capacity for assimi-
lation of most wastes. This does not work out in practice pri-
marily because of United States fezilure to control, treat, and
distribute the wastes properly and because of the concentration
of toxic substances in the food chain., Substantial pollution of
the oceans is unacceptable not only on aesthetic grounds but
also because of the need to preserve the photo-plankton that is
largely respo:sible for generating the world's oxygen supply.

(7) Reclamation

Reclamation of useful components from the solid waste
stream can take the form of conversion, salvage, or secon-
dary utilization. Tue latter involves the use of an unaltered
waste material in a new role and is illustrated by the employ-
ment of municipal refuse in altering topographic features for
recreational purposes, the incorporation of glass cullet and
fly ash in construction materials, or the underwater emplace-
ment of discarded tires as fish habitats. Salvage entails the
removal of a component from the waste stream and physical
reprocessing into a form suitable for reuse. The most typical
applications are the salvage cf paper, glass, and metal scrap.
Finally, conversion is defined as the chemical or biochemical
transformation of a waste material into a useful product. The
m-re promising chemical conversion processes include pyrolysis,
hydrogenation, wet oxidation, and hydrolysis; the biochemical pro-
cesses take in composting, anaerobic digestion, and biological frac-
tionation. Waste heat recovery, a special form of conversion, was
reviewed earlier under (5), Incineration.
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(8)  Conversion

Pyrolysis or destructive distillation is a time-tested process
for breaking down organic substances into a carbonaceous char; an
oil fraction containing acetic acid, acetone, and methanol; and a
i gas fraction consisting primarily of carbon monoxide, hydrogen,
¢ methane, and carbon dioxide. This is done by heating the mate-
rials at 600 to 1000°C (1112 to 1832°F) in the absence of oxygen.
These products can then be separated and sold individually or
used as fuel.

During the past decade, a number of successful develop-
. mental efforts have been undertaken by the Bureau of Mines
Energy Research Center in Pittsburgh and other research
; institutions to adapt pyrolysic o the treatment of packaging
. and other municipal wastes. In light of the favorable technical
and economic outlook indicated by pilot plant results and limited
E commercial experience, as well as freedom from the major
' problems plaguing municipal incinerators, a number of commer-
cial enterprises have attempted to market their own pyrolysis
systems. Thus far, no major municipal facilities have been
9 built but several are under serious consideration.

MR

Composting or aerobic digestion is a controlled process
in which aerobic bacteria convert cellulose waste into a rela-
tively inert humus-like material. The procedure generslly re-
quires shredding of the waste materials, removal of the 25 per-
cent noncompoastable fraction (metals, glass, plastics, and
rubber), addition of water or sewage sludge, digestion for
4 to 6 days at 50 to 75°C (122 to 167°F), and curing to reduce
the moisture content., The microbiological activity, and con-

: sequently the duration of the digestion phase, is a function of
the particle size, moisture, oxygen access, temperature, pH,
and carbon/nitrogen ratio of the waste material. Bulk reduction
is between 30 and 50 percent, and the product is suitable for use
as a soi! conditioner, a base for fertilizer, or even in the manu-
facture of wallboard.

A number of other chemical and biochemical conversion
processes for cellulosic waste have been investigated in the
laboratory and pilot plant. Those showing most promise thus
far are:
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: Hydrogenation

. Wet oxidation

5 Hydrolysis

. Anuaerobic digestion

5 Biological fractionization.

(9)  Salvage

For the purpose of this study, salvage is defined as the
processing of waate materials to restore their original utility
and could take the form of direct reuse, recycling, or repro-
cessing. Direct reuse is best illustrated by returnable con-
tainers or pallets; recycling refers to the reuse of process
waste at the manufacturing plant; reprocessing involves the
cleaning and processing of the consumer or secondary waste
for recycling by the manufacturer.

Several major solid waste salvage systems have been
proposed during the past few years. They use different com-
binations of fragmenting, sorting, conversion, and reclarnation
techniques, and are currently in various stages of design, devel-
opment, construction, and actual operation.

(10) Secondary Utilization

Secondary utilization, as previously mentioned, involves
the use of an unaltered waste material in a new role and is
illustrated by the employment of municipal refuse in altering
topographic features for recreational purposes, the incorpora-
tion of glass cullet and fly ash in construction materials, or the
underwater emplacement of discarded tires as fish habitats.

METHODOLOGY EMPLOYED IN THE DISPOSABILITY
ANALYSIS

This section descrihes the methodology that was employed for

analyzing the disposability of the solid and chemical packaging mate-
rials. Thkis methodology can also be applied ir the future to analyze
new rnaterials when they are considered for use by the military for
packaging. The three distinct steps of the methodology that were
followed during the analysis are illustrated by the waste disposal
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logic diagrams that depict the physical process alternatives, the
Summary Fact Sheet furmat that portrays a standard presentation of
the disposability characteristics, and a summary of the criteria and
analytical measures that determine the preferred disposal process.
Each of these steps is separately discussed below.

(1) Waste Disposal Logic Diagrams

The waste disposal logic diagrams were prepared for
repetitive reference during the analysis of each solid and
chemical waste material. These diagrams illustrate the logic
of the methodology followed in the study.

1. Solid Waste

The solid waste disposal logic diz..am presented
in Figure 2 depicts the physical process alternatives and
their sequence for the disposal of solid waste packaging
materials.

It cites the four general process modes or general
means of disposal that may be utilized, namely, reuse or
recycle, reclamation, bulk reduction or consolidation,
and ultimate disposal. Under each grocess alternative
the decision logic and the physical processes that may be
employed to dispose of the solid waste are flow-charted.
To assist the reader in obtaining familiarity with the dia-
gram, the following guidance is provided.

Starting with a particular solid waste, first deter-
mine if the material is reusable, recyclable, or reclaim-
able. If the material is categorized as any of these, it
must then be determined whether the waste is segregated
from the solid waste stream. If it is not segregated,
some means of sorting (i.e., manual or mechanical) must
be employed. At this point, the material is classified
(denoted by the ""OR GATE') as either a reusable material,
a recyclable material, or a reclaimable material. The
reusable and recyclable materials are shipped to the
marketplace, but the reclaimable material is sent through
the reclamation logic.
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At this point it must be decided where the reclama-
tion will occur., If the material is to be reclaimed at the
base, the need for bulk reduction should be examined. If
required, the material will be sent to a shredder followed
by composting or pyrolysis. The nonmarketable by-
products enter the solid waste stream with the mixed
materials (i. e., the materials that were determined not
to be reusable, recyclable, or reclaimable).

The next decision is whether or not bulk reduction
or consolidation is required. If the answer is yes, three
alternative processes may be 2mployed, namely, compac=-
tion for bulk consolidation, or shredding or incineration
for bulk reduction.

Following these processes there will be mixed
materials and/or nonmarketable by-products. For the
ultimate disposal, three alternatives are evident. The
wastes may be deposited in an open dump, in a sanitary
landfill, or in the sea. Sanitary landfill and sea disposal
each have associated with them several different types of
disposal which may be employed.

2. Liquid Waste

For the purposes of this study, liquid waste is de-
fined as a liquid material that is no longer suitable for its
original intended use without reprocessing or is only
suitable for ultimate disposal. The liquid wasts disposal
logic diagram presented in Figure 3 illustrates the physical
process alternatives and their sequence for the disposal
of waste liquid preservative and packaging materials. The
process alternatives, which are similar to those used in
the disposal of solid wastes, permit the partial recovery
and reclamation of portions of liquid waste materials.

To assist the reader in obtaining familiarity with
Figure 3, the following guidance is provideu.

Given a liquid waste, the first step is to determine
the identification of the waste, the applicable safety pro-
cedures, and the contaminants.
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With the contaminants and the liquid identified, the
next step is to determine whether the liquid waste is to be
recovered and reused. If a portion of the liquid is re-
coverable and reusable, the reclamation methods are

selected from the recovery process alternatives shown in
the logic diagram,

Once the recoverable and reusable portions of the
waste have been identified, the disposability of the non-
reusable waste must be determined. This may be subject
to local regulations and standards, which should be iden-
tified. In general, however, it requires removal of toxic
components of the waste. As in the removal of reusable
portions of the waste, the toxic components are removed
by one or more of the nondirect waste disposal process
aiternatives shown on the disposal logic chart. For
example, carhon tetrachloride in most cases cannot be
directly landfilled since local regulations prohibit the
open release of carbon tetrachloride vapors. In this
case, the waste will have to be processed. In contrast,

a liquid waste containing carbon tetrachloride can be
incinerated (with certain precautions to prevent hydro-
chloric acid formation) without processing to remove the
carbon tetrachloride,

Fact Sheet Format

The primary product of this study is the Summary Fact

Sheet, one for each material, which:

. Describes the nature of the material including its
chemical and physical parameters that influence
its disposal

. Recommends a preferred method of disposal

: Contains personalized data supplied by the cognizant
officer at each Army base.

Since the physical and chemical properties and the alter-

native methods of disposal are very different between the solid
and chemical (liquid) packaging wastes, it was necessary to
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compose a separate Summary Fact Sheet that delineates these
unique properties and disposal methods for each material form.

1, Solid Waste Summary Fact Sheet Format

The first five blocks of the Solid Waste Summary
Fact Sheet format (Figure 4) are devoted to the general
descriptive information about the material as follows:

. Material Description—This block of the Fact
Sheet provides a concise Jescription of the
material being considered. It first states
the general category (e.g., paper, wood,
plastic); the specific material's name, com-
mon name, and form; and the material's use,
specification number, and composition.

. Chemical Properties and Characterigtics —
This block lists those properties that sig-
nificantly influence the method of disposal.

. Disposal Rating Summary—This block out-
lines any preprocessing steps that should be
taken prior to the disposal; the operational,
environmental, and total disposal rating; and
the disposal and economic ranking. (The
actual numerical calculatioas performed and
entered in this block are presented in the next
section entitled Criteria Development and
Methodoulogy.) Owing to the specific localized
nature of the data, the economic ranking is to
be entered by the base cognizant officer of
eacn Army installation. The methodology to
be employed is described in the eccnomic
section of this report, Appendix D.

. The ''"Total Disposal Ranking' indicates the
sequence in which different priocesses should
be used; that is, a ranking of i is the "best"
prncess, 2 the "next best, ' and so on.
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AEFEASNCE CODE
SUMMARY FACT SHEET
1 MATERIAL DESCRIPTION 2 CHEMICAL PROPERTIES
O
CATRQORY NELTING TEMPERATURE
NAME COMBUSTION TBMPRRATURE %
COMMON NAME
¢ HEAT OF COMBUSTION .mLu
uses MATERIAL DENSITY -&"
3
MILITARY BULK DENSITY g
SPECIFICATION Y.
NUMBER
3 CHARACTERISTICS
COMPOMTION
FRAGMENTABILITY
4 DISPOSAL RATING SUMMARY
SEPARADILITY
METHOO
or OPERA- [ENVIRON-| TOTAL TOTAL | ECO- | oy
TIONAL |MENTAL |DISROSAL [DISPOSAL] NOMIC SCHOILITY
PHE-| MATING [RATING [RATING [RANKINGIRANK!
DISPOSAL 5
COMBLSTIILITY
ARUSE
ARCYCLE TOXICITY
PYROLYSIS BIVLOGICAL
DEGAADABILITY
COMPOSTING
L . CHEMICAL
T OTT T anhAADABILITY
SALING \ -
e AEUSABILITY
INCINERATION
SANITAR [ SPECIAL PRECAUTIONS/
ITARY
siu APPLICABLE MIGULATIONS
SEA DISPOSAL
PRESROCEISES: A  SEPARATION
B = COMPACTION
C = SHAEDDING
OFF-BASE DISPOSAL/
1®
[ HANDLING DATA r PROCESSING DATA 10° NOTES AND COMMENTS
WETHOD OF DISPOBAL/PROCESSING NETHOD
STORAGE/COLLECTION
SECONDARY MATERIAL HANDLER
S
70 ON-BASE DISPOBAL/ P OFF-BASE DISPOSAL/
RECLAMATION DATA RECYCLING DATA

DISPOSAL/AECLAMATION METHOD

DISPOSAL/RECYCLING METHOD

SECONDARY MATERIAL HANOLER

COGNIZANT OFFICEA

*TO BE COMPLETED BY THE
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Because of the gpecific nature of the data, the next

set of blocks are to be completed by the cognizant officer
at each Army installation.

2.

Handling Data—As enumerated in the block,
the cognizant disposal officer should fill in
the specific manner in which the material is
handled prior to disposal. Other notations
may be the location and bin number of the
solid waste.

Onbase Disposal/Reclamation Data—In this
block the cognizant officer should, if appli-
cable, state the actual method of reclamation
(pyrolysis or composting) which is used at the
base.

Off-Base Disposal/Processing Data and Off-
Base DisposaﬂRecyclini Data —In these blocks
the cognizant officer should, if applicable,
state the nature of the disposal, reclamation,

or recycling method used, and the name and
address of the secondary material handler.

Notes and Comments—This final block of the
Fact Sheet is reserved for the cognizant offi-
cer's comments relating to qualitative assess-
ments, geographical or climatological limita-
tions, the amount of the waste material handled
on a per-day basis, etc.

Liquid Waste Summary Fact Sheet Format

In concept, the Liquid Waste Summary Fact Sheet

format, as shown in Figure 5, is the seme as’'the Solid
Fact Sheet format; in content, the main difference between
the two is the type of data or procedures shown on the Fact
Sheets. For example, in the second block, which enumer-
ates the chemical properties, there is greater detail in the
Liquid Fact Sheet cwing to the inherernt characteristics of
the chemicai packaging materials. Likewise, some char-
acteristics of solid packaging materials, such as fragmen-
tability, may not apply to the chemical wastes and there-
fore is not cited.
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CATFGORY HEALTH bbby
TOXIC HAZARD
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COMMON MAME TOXIC HAZARD
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CONSTITUENTS NOYWEIGHT | poiiina -
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SANITARY IN WATER
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& SPRIAL PRECAUTIONS)
INGINERATION, APPLICABLE REGULATIONS
SEA
DISPORAL
MICROBIAL
TREATMENT
NOTES:
—
s WASTE DISPOSAL METHOD FOR SMALL SFILL
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The blocks that have not been described previously

in the Solid Waste Summary Fact Sheet format are pre-
sented below, :

. Waste Disposal Method for Small Spill —This
block escribes the method to te used in dis-
posing of a small quantity (generally 1 liter or
less) of liquid wastes which occurs becaus. of
a spill,

Recovery/Disposal of Highly Hazardous
Liquids in Large Quantities —This block enu-
merates the recovery or disposal method to
be used in the recovery or disposal of a large
quantity of highly hazardous liquids which
occurs because of either a large quantity
spill or contamination.

(3) Summary of Criteria Development and Methodology

Described below is a summary of:

. The criteria developed in order to quantify the dis-
posability characteristics

. The methodology employed by using a numerical
procedure to determine total disposal rating and
ranking that are cntered in the Disposal Rating
Summary section of the Summary Fact Sheets.

The criteria and methodology are illustrated in Tables 3
through 6. A comprehensive description appears in Appendix B,
entitled ''Specific Criteris Development and Methodology. "

It is imporiant to note that zithough the disposal processes
and, hence, the criteria are different for the analysis of the
solid and of the chumical waste packaging materials, the rationale
behind each is the same.
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1. Criteria Development

In this analysis it was necessary to construct:

. Operational criteria to measure the adapt-
ability or feasibility of a mate..al's being
processed by a disposal alte. .*ive

. Environmental criteria to me..sure the en-
vironmental disruption that would be caused

by the material's being processed by a dis-
posal alternative.

2. Operational Rating System

The operational criteria were formulated into an
operational rating system. This system was designed
independent of any specific material. For each process,
mutually exclusive material characteristics that would
have direct bearing upon the operation of a specific process
were determined. Next, a relative importance factor, ex-
pressed as a fraction, was assigned to each characteristic
for each process.

3. Environmental Rating System

The environmental criteria were formulated into an
environmental rating system. This system was designed
independent of a specific material/process. In this sys-
tem, environmental disruptions were analyzed and rela-
tive importance factors based on portions of unity (1. 0)
were assigned to each environmental impact.

4. Operational and Environmental Rating Definitions

To utilize the aforemertioned rating systems, raling
and rating code scales ranging in numerical value from
0 to 10 were employed. In each system, 0 stands for
unsatisfactory and 10 for excellent. Moreover, for each
characteristic and environmental impact, definitions
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corresponding to each rating and rating code have been
developed in order to apply the riting system consistently.
Basically, these definitions were used as a guide for clas-
sifying the waste packaging material on the basis of either
a numerically measurable or clearly defined characteristic.

By way of illustration, Tables 3 and 4 show, respec-
tively, the solid waste operational and environmental ratiag
system; Tables 5 ani 6, respectively, depict the solid
waste operational and environmental rating definitions.

As stated earlier, a complete listing of all tables and a
comprehensive defirtica of these systems can be lound
in Appendix B.

5. Operational and Environmenial Rating Methodology

Each material was rated in accordance with the
criteria developed in the rating definitions for both opera-
tional characteristics and environmental impacts.

After numerical calculations had been made, a ¢otal
disposal rating was expressed. The total disposal rating
determined the best possible disposal process subject to
the constraints of maximization of process utility and
minimization of environmental pollution. The Numerical
Process Evaluation Matrices, which are the matrices
utilized in standardizing the numerical calculations for
each packaging material under study, can be found in
Appendix C.

After computing the total disposal rating, each
process was ranked. The disposal raiking is the assign-
ment of sequential numbers starting with the highest dis-
posal rating (ranked as number 1) and ending with the lowest
disposal rating. This ranking shows the facility ofticer the
order in which the disposal alternatives should be utilized.
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III, SUMMARY FACT SHEETS

The Summary Fact Sheets contained herein present a disposability
ranking and additional details for 104 military packaging materials
including 17 liquids (i.e., chemicals) and 87 solids (i.e., glass, metal,
paper, plastic, textile, and wood).

To select the disposal process that will result in minimal pollution
of the environment, the Summary Fact Sheet section, entitled ''Disposal
Rating Summary, " should be used as a guide. Within this block is
the ''"Total Disposal Ranking, " which indicates the relative order for
selection of the best method of disposal on the basis of the operational
and environmental analysis. The best method is given the ranking of 1.
The determination of economic feasibility, which depends on such local
factors as availability and efficiency of equipment, transportation costs,
market for materials, etc., must be made at the installation level on
the basis of a life~-cycle cost analysis. The proposed economic analy-
sis methodology is described in Appendix D of this report.
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SUMMARY FACT SMEET

AVATUABLE,
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1 c-1
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uess SOLVENT FLASH POINT 0 -
DAL
SPECIHICATION 0-A-§1 JOMTION 1000 o
MEA TEMPERATURE
CONETITUENTS % SV WEIGHTY DOILING 138 o
CARBON 0.8 JONT
COMPOITION HYDROGEN 10.0 MELTING
OXYGEN 1.8 TEMPERATURE ~137 o
WECIFIC 0.79
] OISPOBAL RATING SUMMARY GRAVITY .
IxmLosve
METHOD LTS 3-13
o OrAA. |evinon. ITotTaL  |toraL  [sco
TONAL (waNTAL [0wrosal |DWFOBAL |NOMIC HEAT OF - m
08 AATMO g " we|  COMBUSTION [T}
MCOVERY/ Y e 2.0
{AIR = o
ntust 08 | 8.0} a3 1 "
ANTARY soLvanIty
NWATER 3
et 3| 5.2 | 48 ] SL. SOLUBLE
POCIAL PRECAUTIONS/
INGINERA 0184 |12 |12 « AFPLICABLE MEQULATIONS
:‘m 48 | 3.3 ] 2.4 [} MCA LABEL, ELIMINATE ALL
SOURCES OF IGNITION AND
MICAOBIAL T A FLAMMABLES, WEA., RUBBER
TREATMENT . . . GLOVES, FACE SHIELD, LAB-
ORATORY COAT, HAVE ALL-
noTes: PURPOSE CANISTER MASK

WASTE CMPOBAL METHOD POR SMALL SMLL

ABSORB ON PAPER. EVAPORATE ON AN IRON PAN IN A FUME HOOD, BURN
THE PAPER. OR ATOMIZE THE WASTE INTO AN INCINERATOR.

AECOVERY/DNPOSAL METHOD OF HIGHL | HAZARDOUS LIGLIDS IN LARGE QUANTITIES

RECLAIM BY DISTILLATION.
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AEFERENCE CODE
w"r'kma’v'o‘acmEET MATERIAL NO. MAFERENCE PO, OTHER
3
1 MATERIAL DESCRIPTION 2 CHEMICAL PROPERTIES
: TOXIC HAZARO
CATEGORY CHEMICAL HEALTH RATING COOE 2
TOXIC HAZARO
NAME BENZENE FIRE RATING CODE 3
TOXIC HAZARD
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WASTE DISPOSAL METHOD FOR SMALL SPILL
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