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DISCLAIMER

This report has been reviewed by the Municipal Environmental Research
Laboratory, U.S. Environmental Protection Agency, and approved for publica-
tion. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.
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FOREWORD

The Envirommental Protection Agéncy was created because of increasing
public and governmental concern about the dangers of pollution to the health
and welfare of the American people. Noxious air, foul water, and spoiled
land are tragic testimony to the deterioration of our natural environment.
The complexity of the environment and the interplay between its components
require a concentrated and integrated attack on the problem,

Research and development is the first necessary step in problem solution;
it involves defining the problem, measuring its impact, and searching for so-
lutions. The Municipal Environmental Research Laboratory develops new and
improved technology and systems to prevent, treat, and manage wastewater and
the solid and hazardous waste pollutant discharges from municipal and commun-
ity sources; to preserve and treat public drinking water supplies; and to
minimize the adverse economic, social, health and aesthetic effects of pollu-
tion. This publication is one of the products of that research--a vital
communications link between the researcher and the user community.

This study examines procedures for the treatment of hazardous industrial
wastes for disposal, including physical and chemical test procedures and out-
lines options for ultimate disposal of treated wastes., Techniques that solid-
ify or chemically stabilize industrial waste products may contribute to the
preservation of human health and the environment by helping us immobilize and
isolate toxic materials.,

FRANCIS T. MAYO

Director

Municipal Environmental Research
Laboratory
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PREFACE

The land disposal of hazardous waste is subject to the requirements of
Subtitle C of the Resource Conservation and Recovery Act of 1976. This Act
requires that the treatment, storage, or disposal of hazardous wastes after
November 19, 1980, be carried out in accordance with a permit. The one
exception to this rule is that facilities in existence as of November 19, .
1980 may continue operations until final administrative disposition is made
of the permit application (providing that the facility complies with the
Interim Status Standards for disposers of hazardous waste in 40 CFR
Part 265). Owners or operators of new facilities must apply for and receive
a permit before beginning operation of such a facility.

The Interim Status Standards (40 CFR Part 265) and some of the admin-
istrative portions of the Permit Standards (40 CFR Part 264) were published
by EPA in the Federal Register on May 19, 1980. EPA will soon publish tech-
nical permit standards in Part 264 for hazardous waste disposal facilities.
These regulations will ensure the protection of human health and the envi-
ronment by requiring evaluations of hazardous waste management facilities in
terms of both site-specific factors and the nature of the waste that the
facility will manage.

The permit official must review and evaluate permit applications to
determine whether the proposed objectives, design, and operation of a land
disposal facility will be in compliance with all appllcable provisions of
the regulations (40 CFR 264). ,

EPA is preparing two types of documents for permit officials respon-
sible for hazardous waste landfills, surface impoundments, and land treat-
ment facilities: Permit Writers Guidance Manuals and Technical Resource
Documents. The Permit Writers Guidance Manuals provide guidance for con-
ducting the review and evaluation of a permit application for site-specific
control objectives and designs. The Technical Resource Documents support
the Permit Writers Guidance Manuals in certain areas (i.e. liners, leachate
management, closure, covers, water balance) by describing current technolo-
gies and methods for evaluating the performance of the applicant's design.
The information and guidance presented in these manuals constitute a sug-
gested approach for review and evaluation based on best engineering judg-
ments. There may be alternative and equivalent methods for conducting the
review and evaluation. However, if the results of these methods differ from
those of the EPA method, their validity may have to be validated by the
applicant.




In reviewing and evaluating the permit application, the permit official
must make all decisions in a well defined and well documented manner. Once
an initial decision is made to issue or deny the permit, the Subtitle C
regulations (40 CFR 124.6, 124.7 and 124.8) require preparation of either a
statement of basis or a fact sheet that discusses the reasons behind the
decision. The statement of basis or fact sheet then becomes part of the
permit review process specified in 40 CFR 124.6-124.20.

These manuals are intended to assist the permit official in arriving
at a logical, well-defined, and well-documented decision. Checklists and
logic flow diagrams are provided throughout the manuals to ensure that
necessary factors are considered in the decision process. Technical data
are presented to enable the permit official to identify proposed designs
that may require more detailed analysis because of a deviation from sug-
gested practices. The technical data are not meant to provide rigid guide-
lines for arriving at a decision. References are cited throughout the
manuals to provide further guidance for the permit official when necessary.




ABSTRACT

Stabilization/solidification of industrial waste is a pretreatment
process that has been proposed to insure safe disposal of wastes containing
harmful materials. This manual examines the regulatory considerations, cur-
rent and proposed technology, testing procedures and design of landfills,
and other options involved in disposal systems using stabilization/
solidification of wastes. A summary of the major physical and chemical
properties of treated waste is presented. A listing of major suppliers of

stabilization/solidification technology and a summary each process is
included.
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SECTION 1

INTRODUCTION

1.1 PURPOSE

The purpose of this manual is to provide guidance in the use of chemi~
cal stabilization/solidification techniques for limiting hazards posed by
toxic wastes in the environment, and to assist in the evaluation of permit
applications related to this disposal technology. The document addresses
the treatment of hazardous wastes for disposal or long-term storage and
surveys the current state and effectiveness of waste-treatment technology.
This guide provides the background information needed for waste generators
and regulatory officials to determine the testing program and/or product
information necessary for them to make the best engineering judgments con-
cerning the long-term effectiveness in site-specific conditions.

The manual assumes the permit writer and/or other readers are familiar
with the latest regulations concerning the disposition and disposal of haz-
ardous and nonhazardous. bulk-liquid and semisolid sludges and wastes in
secure and sanitary landfills. Some familiarity with general soil charac-—
teristics, water balance, climatic conditions, and fundamentals of leachate
generation would also be helpful to the manual user.

1.2 THE TERMINOLOGY OF WASTE SOLIDIFICATION/STABILIZATION

The current interest in the technology of waste stabilization/solidifi-
cation in this country reflects recent social and political priorities
placed on environmental protection. Current terminology in the field
includes new terms and terms borrowed from other fields which are given new
and specific meanings. As a matter of necessity, the following terms are
used in this manual with the meanings as noted below. These words have not
been officially defined by EPA as have those appearing in the glossary at
the end of the manual.

"Solidification" and "stabilization" as used here both refer to treat—
ment systems which are designed to accomplish one or more of the following:
(a) improve handling and physical characteristic of the waste, (b) decrease
the surface area across which transfer or loss of contained pollutants can
occur, (c) limit the solubility of, or to detoxify, any hazardous con-
stituents contained in the wastes. Solidification implies that these re-
sults are obtained primarily, but not necessarily exclusively, via the
production of a monolithic block of treated waste with high structural




integrity. Stabilization techniques are those which have their beneficial
action primarily by limiting the solubility or by detoxifying the waste con-
taminants even though the physical characteristics of the waste may or may
not be changed and improved. Stabilization usually involves addition of
materials that ensure the hazardous constituents are maintained in their
least soluble and/or toxic form.

The term "fixation," has fallen in and out of favor but is widely used
in the waste treatment field as generally meaning any treatment system which
solidifies and/or stabilizes the waste as just described above. This is the
restricted use of the term as it is employed in this document. Other deriva-
tives of this term such as "to fixate" (or "fixated" waste), to "fix" (or
"fixed" waste), and even "fixalated" are not used in this manual.

The term ''treatment" has been legally defined by the EPA. The EPA has
taken the broadest meeting of the term including any method of modifying the
chemical, biological, and/or physical character or composition of a waste
(see Glossary). Table 1-1 lists the types of treatment processes and their
EPA identification numbers which are used in the manifest system. As seen
from the listing, treatment includes a wide array of specific techniques;
but neither solidification nor stabilization is included. Chemical fixation
(T21) 4is listed under chemical treatment but is not specifically defined.
The chemical fixation category is the one under which all treatment
processes discussed in this document would fall except for the encapsulation
techniques for which a separate category is listed under physical methods
(T39). Table 1-2 lists some of the attributes of commonly-available,
hazardous waste treatment processes. Note that different types of treatment
fulfill different functions on different forms and types of wastes. Many
processes in Table 1-2 result only in volume reduction or waste separation
and thus still require solidification and stabilization of the waste prior
to ultimate disposal.

"Surface encapsulation" as used here is a technique of waste treatment
involving isolation of the waste material by placing a jacket or membrane of
impermeable, chemically inert material between the waste and the environment.
Ideally the jacket is bonded to the external surface of a solidified waste.
Encapsulation of small particles is sometimes called "microencapsulation,"
but this term is used by processors to describe a wide array of different
techniques and therefore has no specific meaning.

1.3 LEGISLATIVE BACKGROUND

The Resource Conservation and Recovery Act (RCRA) of 1976 (PL 94-580)
established a national hazardous waste regulatory program. This law is the
most comprehensive attempt to date at guaranteeing the secured disposal of '
materials that could represent potential threats to human health and the
environment. The Act includes provisions for developing criteria to deter-
mine which wastes are hazardous, instituting a manifest system, ‘and estab- '
lishing standards for siting, design, and operation of disposal facilities.
The Act encourages the States to conduct their own regulatory programs, but
it authorizes the U. S. Environmental Protection Agency (EPA) to administer




TABLE 1-1. TREATMENT CODES FOR EPA HAZARDOUS WASTE MANIFESTS

EPA EPA
Code # Treatment Code # Treatment

(a) Thermal Treatment (2) Removal of Specific Components
T06 Liquid injection incinerator  T48 Absorption-molecular sieve
TO7 Rotary kiln incinerator T49 Activated carbon
TO8 Fluidized bed incinerator T50 Blending
TO09 Multiple hearth incinerator T51 Catalysis
T10 Infrared furnace incinerator T52 Crystallization
Tll Molten salt destructor T53 Dialysis
T12 Pyrolysis T54 Distillation
Ti3 Wet air oxidation T55 Electrodialysis
Tl4 Calcination T56 Electrolysis
Tl5 Microwave discharge T57 Evaporation
Tl16 Cement kiln T58 High gradient magnetic
Tl7 Lime kiln separation
T18 Other (specify) T59 Leaching
Chemical Treatment T60 Liquid ion exchange
T19 Absorption mound T61 Liquid-liquid extraction
T20 Absorption field T62 Reverse osmosis
T21 Chemical fixation T63 Solvent recovery
T22 Chemical oxidation T64 Stripping
T23 Chemical precipitation T65 Sand filter
T24 Chemical reduction T66 Other (specify)

T25 Chlorination Biological Treatment

T26 Chlorinolysis T67 Activated sludge

T27 Cyanide destruction T68 Aerobic lagoon

T28 Degradation T69 Aerobic tank

T29 Detoxification T70 Anaerobic lagoon
: T30 Ion exchange T71 Composting

T31 Neutralization T72 Septic tank

T32 Ozonation T73 Spray irrigation

T33 Photolysis T74 Thickening filter

T34 Other (specify) T75 Trickling filter

Physical Treatment . T76 Waste stabilization pond

(1) Separation of components T77 Other (specify)

T35 Centrifugation T78-79 (Reserved)

T36 Clarification

T37 Coagulation

T38 Decanting

T39 Encapsulation

T40 Filtration

T41 Flocculation

T42 Flotation

T43 Foaming

T44 Sedimentation

T45 Thickening

T46 Ultrafiltration

T47 Other (specify)

NOTE: Taken from reference i—l.




TABLE 1-2. SOME ATTRIBUTES OF COMMONLY AVAILABLE WASTE TREATMENT OPTIONS*

Resource
Functions Forms Recovery
Process Performedf Types of Wastef Waste Capability

Thermal treatment:
Pyrolysis VR,De Yes
Incineration De,Di Yes

Chemical treatment:
Calcination VR
Ion exchange VR,Se,De
Neutralization De
Oxidation De
Precipitation VR,Se
Reduction De

|l ol ) e

Physical treatment:
Carbon sorption VR, Se
Dialysis VR, Se
Electrodialysis VR,Se
Evaporation VR, Se
Filtration VR,Se
Flocculation/settling VR,Se
Reverse osmosis VR, Se
Ammonia stripping VR,Se

©

1
1
1
1
1
1
1
1

£
’
?
£
b4
k4
3
’

3
2
2
2
2
2
2
2

9
b
?
?
k4
?
?
k]

4
3
3
5
3
3
A
3

[l o B o N
9]

Biological treatment:
Activated sludges De
Aerated lagoons De
Waste stabilization ponds De
Trickling filters De

[l ol

* Modified from reference 1-3. .
T Functions: VR, volume reduction; Se, separation; De, detoxification; Di, disposal.
Waste types: 1, inorgamic chemical without heavy metals; 2, inorganic chemical with heavy metals;
3, organic chemical without heavy metals; 4, organic chemical with heavy metals, 5, radiological;
6, biological; 7, flammable; and 8, explosive. . ' ’ o ’ o '
Waste forms: S, solid; L, liquid; and G, gas.




the program until suitable State programs are established. Should a State
choose not to develop a hazardous waste program or not to gain approval and
authorization for a program, EPA must administer the program in its stead.

Regulations have now been promulgated under the RCRA that direct the
generation, handling, treatment, and safe disposal of hazardous and nonhaz-
ardous wastes. Legal definitions of what is hazardous and of what consti-
tutes safe disposal have been developed (1-1).

The RCRA augments and overlaps in some areas the authority delegated
to the agency in other legislation. Previous legislation had addressed the
problem of hazardous waste disposal indirectly by regulating the effects of
waste disposal on surrounding air and water quality.

The Federal Water Pollution Control Act, as amended in 1972
(PL 92-500), and the Clean Water Act of 1977 (PL 95-217) direct the estab-
lishment of an effluent permit plan for municipalities and industries, but,
then do not specifically regulate discharges from solid or hazardous waste
disposal activities. However, in regional water quality planning (Sec~
tion 208 of the PL 92-500), any plan prepared must include a process to
control the dispersal of pollutants on land and in subsurface excavations to
protect the ground and surface waters. Technically, waste disposal would be
controlled indirectly by enforcing a regional plan to insure ground and
surface water quality.

Under the Safe Drinking Water Act of 1974 (PL 93-523), the EPA Adminis-
trator is -charged in Section 1442 with controlling subsurface emplacement of
waste. The broad goal of this section is to discover and control ‘potential
threats to the quality of groundwater. This Act is the basis for regula-
tions on the subsurface injection of liquid waste and for surface impound-
ments. An impoundment is defined as a natural depression, artificial
excavation, or diked enclosure used for storage, treatment, or disposal of
wastes in the form of liquids, semisolids, or solids. 1In its broadest inter-
pretation, the Safe Drinking Water Act overlaps and reinforces the RCRA.

The Toxic Substances Control Act of 1976 (PL 94-469) established as
national policy that data should be developed on the effects of the manufac-
ture, use, and disposal of chemical substances on health and the environment.
The EPA administrator is empowered to prohibit or otherwise regulate any
manner or method of disposal of a toxic substance by its manufacturer or by
any person who uses or disposes of a toxic chemical in a commercial opera-
tion. This provision includes all disposal of toxic substances on the land
or in landfills or impoundments. The administrator is authorized to take
action against persons disposing of a toxic chemical in any manner p081ng an
unreasonable risk to health and the environment.

The Occupational Safety and Health Act of 1970 specified the maximum
permissible exposure limits for volatile, hazardous chemicals in the work
place. Criteria established under this legislation have been adopted for
the disposal of hazardous industrial chemicals that pose a risk for airborne
contamination. Under the RCRA and related legislation, the EPA is now
responsible for all phases of hazardous waste disposal.

5




Solidification/stabilization options are treated indirectly in these
regulations. For example, rules for landfilling waste (l-1) state that
"liquids be modified and/or treated to a non-flowing consistency prior to
landfilling or in situ." No solidification requirement beyond this is for-
mally required. Stabilization or chemical binding to prevent loss of toxic
constituents, is mentioned in a relation to the effect to be obtained, not
as a specific system to be required. The rules state treatment renders the
waste "...nonhazardous, safer to transport,..." No specific treatment
systems are indicated (1-1). The performance in hazard reduction is the
important factor in selecting or requesting stabilization of toxic wastes.
This approach encourages inventiveness and allows for flexibility in dis-
posal systems (1-2).

1.4 CBARACTERISTICS OF WASTES FOR WHICH STABILIZATION/SOLIDIFICATION ARE
EFFECTIVE AND ECONOMICAL

Not all wastes justify treatment. The practical and economic decision
concerning which wastes should or should not be submitted to expensive treat-—
ment systems is based upon an overall consideration of the amount, composi-
tion, physical properties, location, and disposal problems associated with
the specific waste. Also of importance is the proven effectiveness and the
costs associated with the commercially available treatment systems which are
applicable to the specific wastes in question. Wastes which are designated
as hazardous by the EPA and are produced in large amounts, are those most
commonly considered for solidification and/or stabilization. Thus, the
treatment of high volume hazardous waste forms the bulk of the discussion in
this manual. '

Some types of legally non-hazardous wastes also benefit from treatment
processes which would render the waste more easily handled or less likely to
lose undesirable constituents to the local groundwater. For instance, flue
gas cleaning sludges, although specifically exempted as nonhazardous solid
waste by EPA (1-1), have been the subject of a number of solidifications/
stabilization studies since their run—-off water and leachates are typically
high in calcium (600-800 ppm) and sulfate (1200~1500 ppm) and represent a’
significant threat to the local groundwater even if no heavy metals are
present (1-3). Other wastes, whose disposal might benefit from treatment
are: mining overburden returmed to the mining site; fly ash, bottom ash,
and slag wastes; flue gas emission control wastes generated from the burning
of fossil fuels; and oil, gas, or geothermal drilling fluids. These and
other wastes have been specifically listed as solid wastes which are non-
hazardous.

Organic wastes are less amenable to currently available treatment tech-
nology than are inorganic wastes. This generalization holds for a wide
variety of organic compounds with a diverse array of properties which occur
in common wastes streams. Wastes with greater than 10 to 20 percent organic
constituents are not generally recommended for treatment by current,
commercial fixation techniques as the organics interfere with the physical
and chemical processes which are inportant in binding the waste materials:
together (l1-4). Some processors who handle large volumes of inorganic




wastes will accept relatively small volumes of selected organic wastes which
are mixed to a low concentration in the inorganic waste treatment stream.

Organic wastes lend themselves to destructivé treatment by processes
such as incineration, UV-ozone or biological systems. Such treatments prop-
erly employed produce innocous products (mainly CO, and water) which after
scrubbing can be vented directly to the atmosphere. Since the hazardous
organic-waste components are destroyed, all of the problems associated with
ultimate disposal such as leachate or vapor losses, land use and reclamation,
and long-term manifest or record keeping are eliminated. Even for wastes
containing only moderate to small amounts of organics, the organic fraction
is often best first separated by solvent extraction or distillation so that
it can be disposed of separately. The volume of ash and/or flue gas
scrubber sludge left after destructive treatment will vary widely with the
type of organic material being treated, but will almost always be a small
fraction of the original organic waste. ’

In summary, the wastes most effectively stabilized/solidified consist
mainly of inorganic materials in aqueous solution or suspension which con-
tain appreciable amounts of toxic heavy metals and/or inorganic salts. It
is also towards these waste types that most stabilization/solidification
techniques are directed. ‘

1.5 DELISTING TREATED HAZARDOUS WASTE PRODUCTS

Hazardous wastes which have undergone any treatment processes are still
considered hazardous unless an exemption has been petitioned for, and
granted, by the EPA for the specific waste in question. The process of
removing a particular waste from the hazardous waste category (called "de-
listing") is considered by EPA as a modification of the original listing
determination and is, therefore, treated as an amendment to the lists of
hagardous waste.

To be successful, the petitioner must demonstrate that the waste pro-—
duced by a particular process or treatment facility does not meet any of the
criteria under which the waste which was listed as a hazardous waste. If
the treated waste is a mixture of solid waste, and if one or more of the
wastes is listed as hazardous (or is derived from one or more hazardous
wastes), the demonstration of non-hazardous character may be made with
respect to each constituent listed as a hazardous waste, or the waste mix-
ture as a whole. If the waste is listed as hazardous because it exhibits
one of the characteristics of hazardous wastes (ignitability, corrosivity,
reactivity, or extractant procedure toxicity), then the petitioner must show
that demonstration samples of the treated waste products do not exhibit that
characteristic. The applicable testing procedures must be employed.

If any of the hazardous wastes present in the treated wastes are listed
because they are made up of, or contained, toxic components then the peti-
tioner must demonstrate that the treated waste no longer contains the toxic
component, or if still present, that the toxic component is not capable of
posing a substantial présent or potential threat to human health or the




environment. If the waste was listed because it contains an "acute hazardous
waste," in addition to demonstrating lack of toxicity, the waste must be

shown to be non-fatal to humans in low doses or, if human data is not avail-
able, to not be fatal to other mammals at doses higher than those prescribed.

Thus delisting of solidified/stabilized waste is possible upon the
demonstration to EPA's satisfaction that the component or characteristic for
which the waste was listed is no longer present or applicable to the treated
product. This determination of the non-hazardous character of the waste
product makes possible the much cheaper and less rigorous disposal of the
wastes in any solid waste landfill. The use of the waste in any productive
way (such as foundation, fill, or construction materials) must be preceded
by the delisting of the product as a hazardous waste. It is unlikely that a
whole waste~stream can be permanently delisted, or that a particular waste
fixation process can be certified as producing a non-hazardous product irre-
gardless of changes in the process parameters or in the wastes being treated.
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SECTION 2

WASTE STABILIZATION/SOLIDIFICATION TECHNOLOGY

2.1 CURRENT STABILIZATION/SOLIDIFICATION TECHNOLOGY

Several stabilization/solidification methods now available or under de-
velopment have as their goal the safe ultimate disposal of hazardous waste
either via a productive way or by landfilling. Ultimate disposal implies
the final disposition of persistent, nondegradable, cumulative, and/or harm-
ful waste. The four primary goals of treating hazardous waste for ultimate
disposal are: (a) to improve the handling and physical characteristics of
the waste, (b) to decrease the surface area across which transfer or loss of
contained pollutants can occur, (c) to limit the solubility of any pollu~ '
tants contained in the waste, and (d) to detoxify contained pollutants.
These goals can be met in a variety of ways, but not all techniques attempt
to meet all the goals. Thus individual treatment techniques may solve one
particular set of problems but be completely unsatisfactory for others.
Process selection becomes weighing advantages and disadvantages for the
particular situation.

The following major categories of industrial waste fixation systems are
discussed in this section:

a. Cement-based processes
b. Pozzolanic processes (not including cement)

c. Thermoplastic techniques (including bitumen, paraffin, and poly-
ethylene incorporation)

d. Organic polymer techniques (including urea-formaldehyde, unsaturated
polyester)

e. Surface encapsulation techniques (jacketing)

f. Self-cementing techniques (for high calcium sulfate sludges)

g. Glassification and production of synthetic minerals or ceramics
Examples of treated waste materials are shown in Figure 2-1. Since these
waste treatment systems vary widely in their applicability, cost, and pre-

treatment requirements, many are limited as to the types of waste that can
be economically processed. Selection of any particular technique for waste
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Figure 2-1. Examples of solidified electroplating waste. Process A is a pozzolan product,
Process B is a cehent based system, Process C is a urea-formaldehyde system,
Process D is a plactic jacketing system.




treatment must include careful consideration of the containment required,
the cost of processing, the increase in bulk of material, and the changes in
the handling characteristics. The design and location of any placement area
or landfill that eventually receives the treated waste is also a major con-
sideration in deciding on the degree of containment and the physical prop-
erties that will be required.

2.2 CEMENT-BASED PROCESSES

Common (portland) cement is produced by firing a charge of limestone
and clay or other silicate mixtures at high temperatures. The resulting
clinker is ground to a fine powder to produce a cement that consists of
about 507 tricalcium and 25% dicalcium silicates (also present are about 10%
tricalcium aluminate and 10% calcium aluminoferrite)., The cementation pro-
cess is brought about by the addition of water to the anhydrous cement
powder. This first produces a colloidal calcium-silicate-hydrate gel of in-
definite composition and structure. Hardening of the cement is a lengthy
process brought about by the interlacing of thin, densely-packed, silicate
fibrils growing from the individual cement particles. This fibrillar matrix
incorporates the added aggregates and/or waste into a monolithic, rock-like
mass.

Five types of Portland cements are generally recognized, based on varia-
tions in their chemical composition and physical properties (3-1).

a. Type I is the typical cement used in the building trade, and consti-
tutes over 90% of the cement manufactured in the United States.

b. Type II is designed to be used in the presence of moderate sulfate

concentrations (150 to 1500 mg/kg) or where moderate heat of hydra-
tion is required.

c. Type III has an high. early strength and is used where a rapid set
¢ 1is required.

d. Type IV develops a low heat of hydration and is usually prescribed
for large-mass concrete work but has long set time.

e. Type V is a special low-alumina, sulfate-resistant cement used with
high sulfate concentrations (>1500 mg/kg).

The types that have been used for waste solidification are Type I and, to a
smaller extent, Types II and V.

Most hazardous waste slurried in water can be mixed directly with
cement, and the suspended solids will be incorporated into the rigid ma-
trices of the hardened concrete. This process is especially effective for
waste with high levels of toxic metals, since at the pH of the cement mix-,
ture, most multivalent cations are converted into insoluble hydroxides or :
carbonates. Metal ions may also be incorporated into the crystal structure
of the cement minerals that form. Materials in the waste such as sulfides,
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asbestos, latex, and solid plastic wastes may actually increase the strength
and stability of the waste concrete.

Interfering Compounds-——

The presence of certain inorganic compounds in the hazardous waste and
the mixing water can be deleterious to the setting and curing of the waste-
containing concrete (2-1). Also, impurities such as organic materials, silt,
clay, or lignite may delay the setting and curing of common portland cement
for as long as several days. ,All insoluble materials passing through a
No. 200 mesh sieve ( 74 x 107~ m particle size) are undesirable, as they may
be present as dust or may coat the larger particles and weaken the bond
between the particles and the cement. Soluble salts of manganese, tin, zinc,
copper, and lead may cause large variations in setting time and significant
reduction in physical strength. Salts of zinc, copper, and lead are the
most detrimental. Other compounds that are especially active as setting
retarders in portland cement include sodium salts of arsenate, borate, phos-
phate, iodate, and sulfide-—even at concentrations as low as a few tenths of
a percent of the weight of the cement used. Products containing large
amounts of sulfate (such as flue gas cleaning sludges) not only retard the
setting of concrete, but by reacting to form calcium sulfoaluminate hydrate,
they cause swelling and spalling in the solidified waste-—containing concrete.
To prevent this reaction, a special low-alumina (Type V) cement was devel-
oped for use in circumstances where high sulfate is encountered.

Additives——

A number of additives have been developed for use with cement to im—
prove the physical characteristics and decrease the leaching losses from the
resulting solidified sludge. Many of the additives used in waste treatment
are proprietary and cannot be discussed here. Experimental work on the
treatment of radioactive waste has shown some improvement in, cement-based
fixation and retention of nuclear waste with the addition of clay or vermi-
culite as absorbents (2-2). Soluble silicate has reportedly been used to
bind contaminants in cement solidification processes, but this additive
causes an increase in volume to occur during the setting of the cement-waste
mixture. A recently proposed adaptation of this technique involves dissolv-
ing the metal-rich waste with fine-grained silica at low pH and then poly-
merizing the mixture by raising the pH to 7. The resulting contaminated gel
is mixed with cement and hardens within 3 days.

Recent testing by Brookhaven National Laboratory indicates that a mix-
ture of sodium silicate and Type II portland cement produces a rapid set
with no retardation from metallic ions (2-2). The sodium silicate appears
to precipitate most interfering ions in a gelatinous mass and so to remove
their interferences and to speed setting. Of the wastes tested, only boric
acid waste inhibited the set of the cement mixture. The development of a
gel is important in the setting of the cement-waste-silicate mixtures. Ex-
cessive mixing after the gel forms seems to cause slower setting and lessen
final strength of the product.

Polymer Impregnation-—-
The Brookhaven National Laboratory also developed a polymer impregnation
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process that can be used to decrease the permeability of concrete-waste
mixtures (2-3). The pores of the waste-concrete are filled by soaking in
styrene monomer. The soaked material is then heated to bring about polymer-
ization. This process results in a significant increase in the strength and
durability of the concrete-waste mixture.

Coatings——

Surface coating of concrete-waste composites has been examined exten-.
sively. The major problems encountered have been poor adhesion of the coat-
ing onto the waste or lack of strength in the concrete material containing
the waste. Surface coating materials that have been investigated include
asphalt, asphalt emulsion, and vinyl. However, no surface coating system
for cement-solidified material is currently being advertised.

Advantages and Disavantages—-—
Advantages of the cement treatment systems are:

a. The amount of cement used can be varied to produce high bearing
capacities (making the waste concrete good subgrade and subfounda-
tion materials) and low permeability in the product.

b. Raw materials are plentiful and inexpensive.

¢c. The technology and management of cement mixing and handling is well
known, the equipment is commonplace, and specialized labor is not,
required.

d. Extensive drying or dewatering of waste is not required because
cement mixtures require water, and the amount of cement added can’
be adapted through wide ranges of water contents. '

e. The system is tolerant of most chemical variations. The natural
alkalinity of the cement used can neutralize acids. Cement is not
affected by strong oxidizers such as nitrates or chlorates. Pre-
treatment is required only for materials that retard or interfere
with the setting action of cement.

f. ZLeaching characteristics can be improved where necessary by coating
the resulting product with a sealant.

Disadvantages of cement-based systems are:

a. Relatively large amounts of cement are required for most treatment
processes (but this may partly be offset by the low cost of mate-
rial). The weight and volume of the final product is typically
about double those of other solidification processes.

b. Uncoated cement-based products may require a well-designed landfill
for burial. Experience in radioactive waste disposal indicates
that some wastes are leached from the solidified concrete, espe-
cially by mildly acidic leaching solutions.
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~c. Extensive pretreatment, more expensive cement types or additives
may be necessary for waste containing large amounts of impurities
such as borates and sulfates that affect the setting or curing of
the waste-concrete mixture.

d. The alkalinity of cement drives off ammonium ion as ammonia gas.

e. -Cement is an energy-intensive material.
2.3 POZZOLANIC PROCESSES (NOT CONTAINING CEMENT)

- Waste fixation techniques based on lime products usually depend on the
reaction of lime with a fine-grained siliceous (pozzolanic) material and
water to produce a concrete-like solid (sometimes referred to as a pozzolanic
concrete). The most common pozzolanic materials used in waste treatment are
fly ash, ground blast-furnace salg, and cement-kiln dust. All of these mate-
rials are themselves waste products with little or no commercial value at
this time. The use of these waste products to consolidate another waste is
often advantageous to the processor, who can treat two waste products at the
same time. For example, the production of a pozzolanic reaction with power
plant fly ash permits the flue gas cleaning sludge to be combined with the
normal fly ash output and lime (along with other additives) to product an
easily-handled solid. Many, if not all, of the comments associated with the
cement systems apply to the pozzolanic systems including advantages and
disadvantages. '

Advantages of lime~based treatment techniques that produce pozzolanic
cement are several: :

a. Product is generally a solid with improved handling and permeabil-
ity characteristics.

b. The materials are often very low in cost and widely available. -

c. Little specialized equipment is required for processing, as lime is
a common additive in other waste streams.

d. The chemistry of lime-pozzolanic reactions are relatively
well-known. Sulfate does not cause spalling or cracking.

e. Extensive dewatering is not necessary because water is required in
the setting reaction.

The lime-based systems have many of the same potential disadvantages as
cement-based -techniques:

a. Lime and other additives add to the weight and bulk to be trans-
ported and/or landfilled.

b. Uncoated lime-treated materials may require specially designed
landfills to guarantee that the material does not lose potential
pollutants by leaching.
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Certain treatment systems fall in the category of cement-pozzolanic
processes and have been in use for some time outside the U. 8. In this case
both cement and lime-siliceous materials are used in combination to give the
best and most economical containment for the specific waste being treated.
In general, the bulk of the comments under both classifications above hold
for techniques using a combination of treatment materials.

2.4 THERMOPLASTIC TECHNIQUES (INCLUDING
BITUMEN, PARAFFIN AND POLYETHYLENE)

The use of thermoplastic solidification systems in radioactive waste .
disposal has led to the development of waste containment systems that can be
adapted to industrial waste. 1In processing radioactive waste with bitumen
or other thermoplastic material, the waste is dried, heated, and dispersed
through a heated plastic matrix. The mixture is then cooled to solidify the
mass, and it is usually buried in a secondary containment system such as a
steel drum. Variations of this treatment system can use thermoplastic or-
ganic materials such as paraffin or polyethylene.

The process requires some specialized equipment to heat and mix the
waste and plastic matrices, but equipment for mixing and extruding waste
plastic is available. The ratio of matrix to waste is generally quite
high--a 1:1 to l:2 ratio of incorporation material to waste (on a dry-weight
basis). The plastic in the dry waste must be mixed at temperatures ranging
from 130° to 230°C, depending on the melting characteristics of the material
and type of equipment used. ‘

A variation of this process uses an emulsified bitumen product that is
miscible with a wet sludge. In this process, the mixing can be done at any
convenient temperature below the boiling point of the mixture. The overall
mass must still be heated and dried before it is suitable for disposal.
Ratios of emulsions to waste of 1:1 to 1:1.5 are necessary for adequate in-
corporation (2-2). : '

In many cases, the types of waste rule out the use of any organic-based
treatment systems. Organic chemicals that are solvents for the matrix obvi-
ously cannot be used directly in the treatment system. Strongly oxidizing
salts such as nitrates, chlorates, or perchlorates will react with the
organic matrix materials and cause slow deterioration. At the elevated tem—
peratures necessary for processing, the matrix~oxidizer mixtures are ex-
tremely flammable.

Leach or extraction testing undertaken on anhydrous salts embedded in
bitumen as a matrix indicates that rehydration of the embedded compound can
occur when the sample is soaked in water and can cause the asphalt or bitumen
to swell andd split apart, greatly increasing the surface area and rate of:
waste loss (2-2). Some salts (such as sodium sulfate) will naturally dehy-
drate at the temperatures required to make the bitumen plastic; so these
easlily dehydrated compounds must be avoided in thermoplastic stabilization.

The major advantages of the thermoplastic-based disposal systems are:
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The rate of loss to contacting fluids are significantly lower than
those observed with cement-based and pozzolon systems.

By disposing of the waste in a dry condltlon, the overall volume of
the waste is greatly reduced.

Most thermoplastic matrix materials are resistant to attack by
aqueous solutions, and microbial degradation is minimal.

Most matrices adhere well to incorporated materials.

Materials embedded in a thermoplastic matrix can be reclaimed if
needed.

principal disadvantages of the thermoplastic-based disposal systems

Expensive, complicated equipment requiring highly specialized labor
is necessary for processing.

The plasticity of the matrix-waste mixtures may require that con-
tainers be provided for transportation and disposal of the mate-
rials, which greatly increases the cost.

The waste materials to be incorporated must be dried, which re-
quires large amounts of energy. Incorporating wet wastes greatly
increases losses through leaching.

These systems cannot be used with materials that decompose at high
temperatures, especially citrates and certain types of plastics.

There is a risk of fire in working with organic materials such as
bitumen at elevated temperatures.

During heating, some mixes can release objectionable oils and odors
causing secondary air pollutiomn.

The incorporation of tetraborates of iron and aluminum salts in
bitumen matrices causes premature hardening, and can clog and
damage the mixing equipment.

Strong oxidizers usually cannot be incorporated into organic mate~
rials without the occurrence of oxidizing reactions. High concen~
trations of strong oxidizers at elevated processing temperatures
can cause fires.

Dehydrated salts incorporated in the thermoplastic matrix will
slowly rehydrate if the mixture is soaked in water. The rehydrated
salt will expand the mixture causing the waste block to fragment
and increasing its surface area greatly.




2.5 ORGANIC POLYMER PROCESSES

Organic polymer techniques were developed as a response to the requife—
ment for solidification of waste for transportation. The most thoroughly
tested organic polymer solidification technique is the urea-formaldehyde (UF)
system. The polymer is generally formed in a batch process where the wet or
dry wastes are blended with a prepolymer in a waste receptacle (steel drum)
or in a specially-designed mixer. When these two components are thoroughly
mixed, a catalyst is added, and mixing is continued until the catalyst is
thoroughly dispersed. Mixing is terminated before the polymer has formed
and the resin-waste mixture is transferred to a waste container if necessary.
The polymerized material does not chemically combine with the waste--it
forms a spongy mass that traps the solid particles. Any liquid associated
with the waste will remain after polymerization. The polymer mass must
often be dried before disposal.

Several organic polymer systems are available that are not based on UF
resins. Dow Industrial Division is developing a vinyl ester-styrene system
(Binder 101) for use with radioactive waste (2-4). Testing of this material
is currently underway in the Nuclear Regulatory Commission Research Programs.

The Polymeric Material Section at Washington State University has de-
veloped a polyester resin system that is being used in solidification of
waste. This system is currently in a pilot-plant stage in the processing of
hazardous wastes (2-5, 2-6, 2-7).

The major advantages of the orgamic polymer systems (especially the
UF-resin system) are:

a. Less treatment reagent is required for solidifying the waste than
in other systems. The waste-to-reagent ratio is usually about 30/
greater for a UF organic polymer system than with cement.

b. The waste material treated is usually dewatered, but it is not
necessarily dried as in thermoplastic processes. (The finished,
solidified polymer, however, must be dried before ultimate
disposal.)

c. The organic resin used is consistently less dense (specific gravity
is approximately 1.3) than cement. The low density reduces the
transportation cost related to the reagents and to the treated
products.

d. The solidified resin is nonflammable, and high temperatures are
not required in forming the resin. :

The major disadvantages of the organic resin techmiques, especially
the UF resin systems are:

a. No chemical reactions occur in the solidification process that
chemically binds the potential pollutants. The particles of waste
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material are trapped in an organic resin matrix, and breakdown or
leaching of the matrix will release many of the waste materials.

b. Catalysts used in the UF systems are strongly acidic, and the
waste-UF mixture must be maintained at pH 1.5 % 0.5 for solidifica-
tion to occur in a rapid manner. The low pH can put many waste’
materials into solution. If the pH is not lowered to 1.5, the
polymerization is slow; solids will thus settle out, and the waste
material will not be trapped effectively.

c. Uncombined or weep water is often associated with polymerized.
waste. This must be allowed to evaporate to produce a fully-cured
polymer. This weep water may be strongly acidic and may contain
high levels of pollutants. Waste-UF mixtures shrink as they age
and will produce weep water during aging.

d. Some catalysts used in polymerization are highly corrosive and re-
quire special mixing equipment and container liners.

e. The reaction producing the resin may release fumes that can be
harmful or disagreeable even in low concentrations.

f. Some cured resins, especially UF-based systems, are bilodegradable
and have a high loss of chemical oxygen demand.

g. Secondary containment in steel drums is a common practice in the
use of organic resins, which increases the cost of processing and
transportation.

2.6 SURFACE ENCAPSULATION TECHNIQUES (JACKETING)

Many waste treatment systems depend on binding particles of waste mate-
rial together. To the extent to which the binder coats the waste particles,
the wastes are encapsulated. However, the systems addressed under surface
encapsulation are those in which a waste that has been pressed or bonded
together is enclosed in a coating or jacket of inert material. A number of
systems for coating solidified industrial wastes have been examined by TRW
Corporation (2-3). In most cases, coated materials have suffered from lack
of adhesion between coatings and bound wastes, and lack of long-term integ-—
rity in the coating materials. After investigating many alternative binding
and coating systems, TRW Corporation produced detailed plans for what it
considered to be the optimum encapsulation system. The TRW-developed system
has been tested and published data on the processes are available (2-8).

The TRW surface encapsulation system requires that the waste material
be thoroughly dried. The dried wastes are stirred into an acetone solution
of modified 1l,2-polybutadiene for 5 min. The mixture is allowed to set for
2 hr. The optimum amount of binder is 3% to 4% of the fixed material om a
dry-weight basis. The coated material is placed in a mold, subjected to
slight mechanical pressure, and heated to between 120° and 200°C (250° and
400°F) to produce fusion. The agglomerated material is a hard, tough, solid

19




block. A polyethylene jacket 3.5 mm (1/4 in.) thick is fused over the solid:
block and adheres to the polybutadiene binder. In a 360- to 450-kg (800~ to
1000~-1b) block, the polyethylene would amount to 4% of the fused waste on a
weight basis (see Fig. 2-2). v

The major advantages of an encapsulation process are:

a. The waste material never comes into contact with water, therefore,
soluble materials such as sodium chloride can be successfully sur-
face encapsulated.

The impervious jacket eliminates all leaching into contacting waters
as long as the jacket remains intact.

major disadvantages of encapsulation are:
The resins required for encapsulating are expensive.

The process requires large expenditures of energy in drying, fusing
the binder, and forming the jacket.

Polyethylene is combustible, with a flash point of 350°C, making
fires a potential hazard.

The system requires extensive capital investment and equipment.

Skilled labor is required to operate the molding and fusing
equipment.

2.7 SELF-CEMENTING PROCESSES

Some industrial wastes such as flue-gas cleaning or desulfurization
sludges contain large amounts of calcium sulfate and calcium sulfite. A
technology has been developed to treat these types of wastes so that they .
become self-cementing (2-9). Usually a small portion (8% to 10% by weight)
of the dewatered waste sulfate/sulfite sludge is calcined under carefully
controlled conditions to produce a partially dehydrated cementitious calcium
sulfate or sulfite. This calcined waste is then reintroduced into the bulk
of the waste sludge along with other proprietary additives. Fly ash is
often added to adjust the moisture content. The finished product is a hard,
plaster-like material with good handling characteristics and low permeabil-
ity. The major advantages of self-cementing systems are:

a. The material produced is stable, nonflammable, and
nonbiodegradable.

b. There are reports of effective heavy metal retention, which is
perhaps related to chemical bonding of potential pollutants.

No major additives have to be manufactured and shipped to the
processing site.




Figure 2-2. Close-up of plastic-jacketed electroplating waste.




d. The process is reported to produce faster setting time and more
rapid curing than comparable lime-based systems.

e. These systems do not require completely dry waste. The hydration
reaction uses up water.

The major disadvantages of self-cementing systems are:

a. Self-cemented sludges have much the same leaching characteristics
as cement and lime~based systems.

b. Only high calcium sulfate or sulfite sludges can be used.

c. Additional energy is required to produce the calcined cementltlous
material.

d. The process requires skilled labor and expensive machinery in cal-
cining wastes and mixing the calcined wastes back to the bulk of
the waste with proprletary additives.

2.8 GLASSIFICATION AND PRODUCTION OF SYNTHETIC MINERALS OR CERAMICS

Where material is extremely dangerous or radioactive, it is possible
to combine the waste with silica and either fuse the mixture in glass or to
form a synthetic silicate mineral (2-10, 2-11). Glasses or crystalline
silicates are only very slowly leached by naturally occurring waters, so
these waste products are generally considered to be safe materials for dis-
posal without secondary containment. No work using glassification of
industrial wastes are now going on.

The major advantages of glassification or mineral synthesis are:

a. The process is assumed to préduce a high degree of containment of
wastes.

b. The additives used can be relatively inexpensive (syenite and
lime).

The major disadvantages of these processes are:
a. Some constituents (especially metals) may be vaporized and lost
before they can bind with the molten silica if high~temperature

processes are used.

b. The process is energy~intensive. The waste-silicate charge must
be heated (often up to 1350°C) for melting and fusion.

c. Sepcialized equipment and trained personnel are required for thi$
type of operation.
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2.9 SUMMARY

A wide variety of possible techniques exist for waste treatment.

. Obviously, no system is applicable to every waste'in all situations. The
amount and character of the material to be stabilized, the economics in-
volved and the properties of the disposal site (see Section 7) are all
important factors in deciding which treatment procedures are best for any
given situation. By careful evaluation of economics, the hazardous nature
of the material, and the containment provided by geologic and hydrologic
situations at nerby landfills, it should be possible to establish a minimum
cost for responsible disposal of a particular waste. A list of companies
marketing stabilization/solidification technology in the United States is
given in Appendix B. .

The cost for waste treatment processes depends on the volume of the
waste to be fixed. Therefore, it may become cost-advantageous to concentrate
hazardous wastes into a minimum volume to reduce handling and additive re-
quirements. When hazardous wastes are concentrated, the precautions involved
in handling and transportation are necessarily increased, so onsite stabili-
zation or solidification is desirable. In fact, stabilization/solidification
may become a unit operation to complete a waste treatment system. The waste
“treatment operations could be tailored to produce the hazardous residue in a
minimum volume with a pH and chemical composition compatible with the treat-
ment system that is required to  insure safe containment under specific land-
fill conditions. '
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SECTION 3

PROPERTIES OF STABILIZED/SOLIDIFIED WASTES

&

Selection of the best treatment system requires detailed knowledge of
the constituents and characteristics of the waste to be treated, the amount
of waste to be handled, and the location and environment of the waste dis-
posal site. This section deals with the characteristics that an ideal
treatment system and its product would be expected to have and the major
considerations that are involved in the selection of the best treatment sys-
tem for a specific waste stream.

3.1 CHARACTERIZING OF WASTES TO BE TREATED

The first step in selection of the best system involves a detailed
knowledge of the wastes to be treated. A complete inventory of all constit—
uents in the waste streams should be made. The source and amount of each °
waste type (including the process or operation that produces it, how it is.
transported, stored, and treated, and its production rate and production
schedule) should be determined. This information is necessary for selection
processes and will be required for disposal planning.

A complete knowledge of all components of all waste streams at a par-.
ticular site is of great importance. Much information can be gained from .
the knowledge of the process or operation by which the waste is produced.
This detailed information should include types of materials and concentra-.
tions, organic constituents, solvents, etc. Where organics are present, it
is essential to know details about chemical stability, flash points, and
heating value. The inorganic components and their relative concentrations
must be determined. Toxic heavy metals, even in small concentrations, are a
major concern. The pH, buffering capacity, and water content of the waste’
are of critical importance in many solid waste treatment systems. '

3.2 REQUIREMENTS FOR IDEAL WASTE STABILIZATION/SOLIDIFICATION

The ideal fixation process renders the noxious constituents chemically
nonreactive and/or immobile so that no secondary containment is necessary
for safe disposal. For example, incorporation into a stable crystal lattice
effectively isolates noxious materials from any environmental interactions,
and maintaining the pH in the range of 9 to 1l immobilizes most multivalent
cations as insoluble hydroxides and other compounds. Sludges with high
concentrations of particular cations can be treated with additives chosen
specifically to immobilize these contaminants. Anions, although typically.
much less toxic, are much more difficult to bind into an unleachable product.
Chlorides and sulfates, the most common anionic sludge components, produce,
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only a few insoluble salts. To contain anions such as these the waste must
be physically isolated from any leaching medium by secondary containment or
special landfill covers.

To be completely effective, the waste treatment must produce a final
mixture whose physical properties are such that its disposal does not perma-
nently render the land unsuitable for alternative uses such as building
sites or agriculture. However, the production of treated wastes with "soil-
like" character that might be suitable for agricultural use seems unlikely
in cases where the major contaminants are toxic metals, certain organics,
and/or high levels of salt. The long-term action of organic acids normally
produced by the biological activity in agricultural soils would be expected
to mobilize even the most tightly bound contaminant eventually. Such mobi-~
lized constituents would then be taken into the food chain or washed into
the groundwater. The most secure final form of treated waste appears to be
monolithic mass that has good dimensional stability, freeze-~thaw resistance,
low ‘permeability, a high bearing capacity, and resistance to attack by
biological agents. An end product such as this could be used as a founda—
tion for buildings or roads, or simply buried and covered over in a landfill.

The ideal treatment process does not require extensive heat treatment
or large amounts of energy~intensive reactants. Also, the waste material
should be reclaimable by some reasonable technique, since some of the sludge
contaminants (e.g., manganese and chromium) are predicted to be in critical
supply in the future.

These are rather stringent. requirements for any waste treatment pro-
cess. A great deal of study by private industry and government is going
into the development of better treatment procedures. However, with current
technology and with complete knowledge of the waste to be treated and the
treatment processes available, the production of finished products that will
approximate the ideal stabilized material is possible.

3.3 COMPATIBILITY OF WASTES AND TREATMENT ADDITIVES

As in any hazardous waste handling operation, care must be taken
during stabilization/solidification to avoid mixing together materials that
can react with one another in a detrimental way. In waste treatment, this
requirement of nonreactivity must also apply to the reagents or materials
used in treatment. Potential detrimental consequences of mixing wastes
include: '

a. Heat generation.
b. Release of toxic materials or flammable gases.
" ¢. Fire or explosionm.

Table 3-1 summarizes some typical reactions that could occur during hazard-
ous waste treatment and handling.
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TABLE 3-1.

REACTIONS OCCURRING BETWEEN INCOMPATIBLE WASTES#*

Waste

Incompatible waste

Potential consequences

8¢

Bases:

Acetylene sludge

Alkaline caustic liquids

Alkaline cleaner

Alkaline corrosive liquids

Alkaline corrosive battery f£luid

Caustic wastewater

Lime sludge and other corrosive
alkalies

Lime wastewater

Lime and water

Spent caustic

Toxic materials:

Asbestos waste, and other toxic
wastes

Beryllium wastes

Unrinsed pesticide containers

Waste pesticides

Reactive metals

Aluminum

Beryllium

Calcium

Lithium

Magnesium

Potassium

Sodium

Zinc powder and other reactive
metals and metal hydrides

Acids:

Acid sludge

Acid and water

Battery acid

Chemical Cleaners

Electrolyte, acid

Etching acid liquid or solvent

Liquid cleaning compounds

Pickling liquor and other
corrosive acids

Spent acid

Spent mixed acid

Spent sulfuric acid

Flammable materials:

Cleaning solvents

Data processing liquid
Obsolete explosives

Petroleum waste

Refinery waste

Off-spec explosives

Solvents

Waste oil and other flammable
and explosive wastes

Strong acids or bases:

Acidic or basic wastes listed
above

(Continued)

Heat generation, violent reaction

Release of toxic substance in
case of fire or €xplosion

Fire or explosion; generation of
flammable hydrogen gas

* Modified from: "Law, Regulations and Guidelines for Handling of Hazardous Waste." California Department of
Health, February 1975; and Federal Register, Vol 45, No. 98--Appendix V, page 33258.




TABLE 3-1 (Concluded)

Waste

Incompatible waste

Potential consequences

Aqueous materials:

Alcohols
Water

Reactive organics:

Alcohols

Aldehydes

Halogenated hydrocarbons

Nitrated hydrocarbons and
other reactive organic
compounds and solvents

Unsaturated hydrocarbons

Cyanides and sulfides:
Spent cyanide and sulfide
solutions

Strong oxidizers:
Chlorates and other strong

oxidizers
Chlorine
Chlorites
Chromic acid
Hypochlorites
Nitrates
Nitric acid, fuming
Perchlorates
Permanganates
Peroxides

Strongly reactive anhydrous
materials:
Calcium
Lithium
Metal hydrides
Potassium
302,013, SOCI3, PC13, CH 31013,
and other water—reactiVe waStes

Strong acids or bases or reactive
metals, as listed above

Acids, as listed above

Reduced materials:
Flammable materials
Reactive metals
Reactive organiecs
Organic acids

Fire, explosion, or heat genera-
tion of flammable or toxic gases

Fire, explosion, or violent

Generation of toxic hydrogen
cyanide or hydrogen sulfide gas

Fire, explosion, or violent
reaction




Many treatment systems require the mixing of reactive waste and/or
reagents of many kinds to produce a more stable or nonreactive product.
This process requires great expertise and knowledge of the precise nature
and composition of the waste and of the waste reagents. Such mixing is
typically carried out in treatment systems which accept diverse types of
waste from diverse sources.

In addition to waste incompatibility problems, it is also necessary to
note incompatibility of waste and stabilization/solidification materials
over both long and short time periods. Though many reactions between waste
materials and treatment reagents occur very slowly, the result may be accel-
erated deterioration of the treated waste and loss of containment proper-
ties. Table 3-2 summarizes major incompatibility problems that can be
encountered with various waste solidification/stabilization techmiques.

Most of the difficulties are similar to those found in any hazardous waste
handling operation. For example, without great care and knowledge, oxi-
dizers and easily oxidized materials should not be mixed; strong acids, and
strong bases should not be combined; cyanides and sulfides should not be
acidified; and organic solvents must be isolated from soluble materials they
attack or dissolve. -

Some solidifying reagents may never set or harden if the wastes con-
tain inhibiting materials. Silicate polymer reactions can be slowed by
organics or high concentrations of certain metals. Organic polymers can be
broken down by solvents, strong oxidizers, or strong acids (Table 3-3). :
Organic polymers are also degraded by ultraviolet radiation (exposure to
sunlight).

Care must be taken in all systems requiring the mixing of hazardous
wastes with other waste materials or with reagents required for solidifica-
tion or stabilization. 1In general, the silicate-based (cement or pozzolan)
containment systems are most tolerant to a wide variety of wastes, both
inorganic and organic.

3.4 TESTING THE PHYSICAL PROPERTIES OF STABILIZED WASTES

The physical properties of the waste are modified by the stabilization/
solidification process. The end product of many treatment processes is a
solid block resembling low-strength concrete, which can be subjected to
standard tests of physical properties so that its durability under field
conditions can be predicted (3-1). Some processes produce a friable or
soil-like product that must be subjected to tests more typically used for
soil-cement (3-2). Prediction of chemical containment characteristics of '
these stabilized wastes from physical properties is much more difficult than
prediction of long-term physical characteristics.

The primary aims of physical testing of treated and untreated wastes
are to (l) determine particle size distribution, porosity, permeability and
wet and dry denmsities, (2) evaluate their bulk properties, (3) predict the
reaction of a material to applied stress in embankments, landfills, etc.,
and (4) evaluate durability. A variety of physical properties tests are
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TABLE 3-2.

COMPATIBILITY OF SELECTED WASTE CATEGORIES WITH DIFFERENT WASTE
SOLIDIFICATION/STABILIZATION TECHNIQUES

Waste
component

Treatment Type

Cement
based

Thermoplastic
golidification

Organic
polymer
(UF)*

Surface
encapsulation

Self-
cementing
techniques

Glassification and
synthetic mineral
formation

Organics:

1. Organic sol=-
solvents and
oils

Solid organ-
ics (e.g.,
plasties,
resins, tars)

Inorganics:
1. Acid wastes

Oxidizers

Sulfates

Halides

Heavy metals

Radioactive
materials

Many impede
setting, may
escape as
vapor

Good--of ten
increases
durability

Cement will
neutralize
acids

Compatible

May retard set—
ting and
cause spalling
unless special
cement is used

Easily leached
from cement,
may retard
setting

Compatible

Compatible

Many impede set-
ting, may escape
as vapor

Good--of ten
increases
durablility

Compatible

Compatiﬁle

Compatible

May retard set,
most are
easlly leached

Compatible

Compatible

Organics may
vaporize on
heating

Possible use as
binding agent

Can be meutral-
ized before
incorporation

May cause
matrix break
down, fire

May dehydrate
and rehydrate
causing
splitting

May dehydrate

Compatible

Compatible

May retard set
of polymers

May retard set
of polymers

Compatible

May cause
matrix break
dovm

Compatible

Compatible

Acid pH solu-
bilizes metal
hydroxides

Compatible

Must first be
absorbed on
solid matrix

Compatible-—many
encapsulation
materials are
plastic

Can be neutral-
ized before
incorporation

May cause
deterioration
of "encapsulat-
ing materials

Compatible

Compatible

" Compatible

Compatible

Fire danger
on heating

Fire danger
on heating

May be neu-
tralized to
form sul-
fate salts

Compatible if
sulfates
are present

Compatible

Compatible if
sulfates
are also
present

Compatible if
sulfates
are present

Compatible if
sulfates
are present

Wastes decompose at
high temperatures

Wastes decompose at
high temperatures

Can be neutralized
and incorporated

High temperatures
may cause unde=-
able reactions

Compatible
cases

in many

Compatible
cases

Compatible
cases

Compatible

* Urea-Formaldehyde resin.




TABLE 3-3. LONG-TERM CHEMICAL RESISTANCE OF ORGANIC POLYMERS (RESINS)
USED IN SOLIDIFICATION*
Resistance of resins
Linear
Conventional (high density) Polyvinyl
Chemical polyethylene polyethylene chloride

Acetic acid 50% Excellent Excellent Moderate
Benzene Poor Moderate Not resistant
Butadiene Not resistant Not resistant

Carbon tetrachloride
Chloroform

Chromic Acid

Cresol
Dichlorobenzene
Diethyl ether
Gasoline

Metallic salt sol.
Sulfuric acid (conec.)

Trichloroethane

Poor

Poor

Excellent

Poor

Poor

Not resistant

Poor

Excellent

Moderate

Not resistant

Moderate

Moderate

Excellent

Poor

Poor

Not resistant

Moderate

Excellent

Moderate

Not resistant

Not resistant
Moderate

Not resistant
Excellenf
Poor

Not resistant
Not fesis;ant‘
Poor
Excellent

Not resistant

Not resistant

* Adapted from information given by Nalge Chemical Company.
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TABLE 3~4. STANDARD TESTS OF PHYSICAL PROPERTIES

Test Source
Bulk and dry unit weight Appendix II of EM 1110-2-1906%
Unconfined compressive strength Appendix XTI of EM 1110-2-1906 and
. ASTM Method D2166-66%%
Permeability Appendix VII of EM 1110-2-1906
Wet/dry durability ASTM Method D559-57
Freeze/thaw durability ASTM Method D560-57

% See Reference 3-3.
*% See Reference 3-4.

applicable to treated and untreated wastes. Five standardized tests that
have been used in the past and for which some data are available are dis-
cussed briefly. A complete description of these testing procedures can be
found in the sources listed in Table 3-4.

3.4.1 Bulk and Dry Unit Weight

The bulk unit weight is the weight (solids plus water) per unit of
total volume of material mass, irrespective of the water content (see
Table 3~4). The dry unit weight is the ratio of the oven-dried weight to
the total volume. The volume of the sample tested is usually computed from
measurements of a regularly shaped mass produced by molding or trimming.
The drying temperature used to obtain the dry weight of the material should
be specified. Unit weights provide information for weight-volume relation-
~ships and are used to compute earth pressure or over-dirt pressure in con-
struction. They are a measure of density and, indirectly, of void volume.

3.4.2 Unconfined Compressive Strength

The unconfined compressive strength is defined as the maximum unit
axial compressive stress at failure or at 15% strain, whichever occurs
first (see Table 3-4). The unconfined compressive strength test is appli-
cable only to cohesive or cemented material. To determine compressive
strength, a cylindrical specimen is prepared and loaded axially. The re-
sults are usually presented as a graph of compressive stress sustained by
the sample versus strain. The shear strength of a cohesive material is
obtained by multiplying the unconfined compressive strength by 0.5. Shear
strength is an important factor in determining ultimate bearing capacity of
the treated waste, stability of the embankments formed from solidified
wastes, and pressure against retaining walls surrounding waste materials.
Figure 3~1 shows testing of jacketed materials.
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3.4.3 Permeability

Permeability can be defined as the ability of a material to conduct or
discharge water when placed in a hydraulic gradient (3-3). The permeability
of a material depends on various parameters, including density, degree of
saturation, and particle size distribution. Previous work has indicated
that two types of tests are needed for determining permeability of treated
and untreated sludges (3-2). A falling head permeability test can be used
on raw sludges, and fixed sludges can be tested using a modified constant
head test in a triaxial compression chamber with back pressure used to
ensure complete saturation. A complete description of the two tests can be
found in the USAE Soil Testing Manual (3-3). The permeability of a material
indicates the ability of the material to permit or prohibit the passage of
water. Permeability is an important factor in waste disposal because it
influences the rate at which contaminants in the waste may be released to
the environment. :

3.4.4 Wet/Dry Durability

The wet/dry durability test is used to evaluate the resistance of soil-
cement mixtures to the natural weathering stress of wetting and drying. In
the test procedure (see Table 3-4), cured specimens are subjected to 12 test
cycles, each consisting of 5 hr of submergence in water and 42 hr of low-
temperature oven drying. Each cycle is followed by two firm strokes on all
surface areas with a wire scratch brush. Test results are generally ex-
pressed as weight loss after 12 wet-dry cycles or the number of cycles that
cause sample disintegration, whichever occurs first. Specimens that fail
this type of test cannot be expected to have good long—-term containment prop-
erties for those processes that depend upon isolating the waste.  Figure 3-2
shows typical solidification test specimens after 4 wet-dry test cycles.

3.4.5 Freeze/Thaw Durability

The freeze/thaw durability test is used to evaluate the resistance of
soil-cement mixtures to the natural weathering stress of freezing and thaw-
ing. In the test (see Table 3-4), cured specimens are subjected to 12 test
cycles, each consisting of freezing for 24 hr, thawing for 23 hr, and two
firm strokes with a wire scratch brush on all surface areas. Performance is
evaluated by determining the weight loss after 12 cycles or the number of
cycles that cause disintegration, whichever occurs first. Specimens that
lack freeze/thaw durability must be protected from frost if containment is
to succeed for those processes that depend upon isolating the waste or
lessening its surface area.

3.4.6 Summary

Some typical results of physical testing of stabilized and untreated
industrial waste are listed in Table 3-5. The data show that stabilization
Processes generally increase density and strength, and decrease permeabil-~
ity. Note that many of the treated sampes lack durability. The most strik-
ing feature of these results is the treatment processes do not produce
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Figure 3-2. Typical solidified waste test specimens after 4 wet-dry test cycles.
(Samples solidified with cement and fly-ash; #100, 400 and 1000 are
i - flue gas cleaning sludges; #200 is an electroplating waste sludge;
and #700 is an inorganic pigment production sludge.)
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3-5. TYPICAL RESULTS FROM PHYSICAL TESTING OF
STABTLIZED AND UINTRFATED INDUSTRIAT. WASTES

Unconfined
Unit weight compressive Durability (test
Dry3 strengta Permeability cycles to failure)
) (1b/£t7) (1b/in.”) (em/sec) Wet/dry Freeze/thaw

Bulk

Type of waste and treatment (1b/ft3

Nickel ~ Cadmium battery waste: 6
Untreated . 10:6
Lime-based pozzolan product . . 10
Patented additives, soil-like 4

material . 10”

Chlorine production waste: . 4
Untreated - 10:7
Lime-based pozzolan product . 10
Patented additives, soil-like '

material 10-5

Calcium fluoride waste:
Untreated _ 10
Lime-baseéd pozzolan product : . : 10
Patented additives, soil-like .
material 10

-5
-5

-6

Electroplating waste:

Untreated x 10
Lime-based pozzolan product ‘ . x 10
Patented additives, soil-like -5

material . x 10 .2
Organic resin, rubber-like -4

material 1.1 x 10 ', 1 12
Plastic encapsulation . . Impervious NF(0.00)+ NF(0.00)+

-5
-7

Flue gas cleaning waste:
Untreated . 3.6 x1
Lime~based pozzolan product . 2.0x1
Patented additives, soil-like
material . : 1.6 x 10°
Cement-based, concrete-like -4
product » 7.9 x 10 " NF(15.80)+

0:2
0

3

4 1

* —— Not tested.
& Value questionable because flow restriction caused by sample support may have influenced flow through sample.
+ NF indicates no failure in 12 cycles; figures in parentheses is the percent weight lost after 12 cycles.




products with similar physical properties. The lime-based pozzolan products
are similar to low-strength concrete with high bulk and dry unit weights,
relatively high compressive strengths, and low permeability. The cement-
based, concrete-like product also has these same properties. The soil-like
product on the other hand had little increased strength and had increased
permeability. Strength and impermeability would be of value if isolation of
the waste constituents in a strong, monolithic block of material was the
intent of the treatment process. Dense, impervious products would be ex-
pected to lose little pollutant to the environment because of the decreased
surface area of waste that is exposed to the leaching medium. The solidi-
fied blocks must be nearly impermeable to produce effective containment,
because even small volumes of water moving through the waste will carry off
appreciable amounts of contaminants. A large difference between bulk unit
weight and dry unit weight is indicative of a large amount of pore space
(void space), which allows for a high permeability and/or relatively rapid
diffusion of materials from within the solidified waste.  Plastic encapsula-
tion (see electroplating waste in Table 3-5) yields the optimum result of
producing an impermeable material. The plastic coating over the waste com—
pletely blocks water passage in or out of the waste so that the bulk and dry
unit weights are identical, and the permeability is unmeasurably low (i.e.,
the block is impervious). Very little diffusion of material or flow in or
out of this product is possible as long as the jacket remains intact.

The process using patented additives to produce a soil-like material
attempts to stabilize the waste constituents using a different procedure.
Basically the process adjusts the pH to a preselected range and then adds an
ingredient (sodium silicate) that tightly binds the inorganic constituents
of the waste so that they will be held in the treated waste matrix. The end
result is a soil-like waste mixture that has a high differential between
bulk and dry unit weights (large amount of pore space), low strength, and
relatively high permeability. This system depends on precipitation and
adsorption phenomena to produce containment. '

Preliminary results indicate that either treatment system, physical
isolation or chemical immobilization, can be effective for specific waste
contaminants. Physical properties alone are not effective in predicting the
ability of any treatment process to contain a particular waste type. De~
tailed knowledge of the method of containment of a particular treatment
process and of the waste to be treated is necessary before the physical
properties have any predictive value. .

3.4.7 Other Tests of Physical Properties

Other physical tests may be appropriate for determining the suitability
of treatment processes for wastes with different or unusual properties or
for specialized applications of the final treated waste product.

Solil Tests--
Additional soil analyses that might prove useful with treated wastes

under special circumstances include tests for compaction, Atterberg limit,

triaxial compression, and bearing capacity. Compaction tests are used to

38




determine the maximum unit weight or minimum void ratio that can be obtained
for a soil-like material. The density of this material has a maximum at the
optimum water content. A compaction test is generally conducted on soils or
treated wastes to determine suitability for use in a landfill where struc-
tures are to be placed on the site.

Atterberg limit tests are used to determine the water content at the
boundaries between liquid and plastic states. The tests are applicable only
to fine~grained cohesive materials. The water contents are used to estimate
properties such as compressibility, strength and swelling characteristics,
which provide an indication of how the material will react when stressed.

Triaxial compression tests are used to determine the shear strength of
soil-like materials under controlled drainage conditions. The shear strength
provides an indication of the bearing capacity of the material and the sta-
bility of embankments constructed of the material. Bearing tests are com-
monly used to evaluate subgrades for pavements. These tests provide
structural settling data with regard to applied load for the material. belng
tested. Since some waste samples that appear stable or solid may liquefy if
vibrated, strength determinations should include a vibrated series of
specimens.

One area of soils testing that has been generally ignored but that has
application for landfilling of treated sludge or waste is trafficability
testing. Disposal of stabilized waste in any large quantities requires the
use of tracked and wheeled vehicles to move and place the material. It is

important to know what type of vehicle can be used on the material and what,
if any, curing time is required before a vehicle can cross it. This infor-
mation can be obtained by performing cone penetration tests along with other
soil tests already discussed. Most earthmoving equipment companies can
provide the information needed on their particular equipment to complete
trafficability evaluations.

Concrete Tests—-—

Of the additional concrete tests that are applicable to soil-cement
mixtures, one test in particular that might prove useful in evaluating
stabilized waste for commercial use is a strength versus curing time test.
In this test, a determination similar to the unconfined compressive strength
test is used to determine the compressive strength of the curing cement-
waste mixture. Strength tests are generally conducted each day until maxi-
mum strength is reached. Strength versus curing time tests are useful for
determining the necessary curing time needed for safe application of a 1oad
to a material after placement.

The problem noted with regard to sulfate reaction in stabilized
sludges indicates that a swelling test of the type used with concrete might
also be appropriate. Standard swelling tests use a sulfate solution (3-5).
A simple adaptation of this test can be made by substituting distilled water
for the sulfate solution used with concrete samples. Significant changes
and dimensions and/or loss of strength and spalling indicates a failure.




The additional testing procedures described above are useful in eval-:
uating stabilized sludges that are to be used in special applications. The
additional cost of these tests cannot be justified for routine landfilling:
operations. :

3.5 CHEMICAL LEACH TESTING OF STABILIZED WASTES
3.5.1 General

Chemical leach testing of wastes is a technique that is used to examine
or predict the chemical stability of treated wastes when they are in contact
with aqueous solutions that might be encountered in a landfill. The proce-
dures demonstrate the degree of immobilization of contaminants produced by.
the treatment process. A great number of techniques for leach testing are
available (3-6). Unfortunately, no single leach testing system can dupli-.
cate the variable conditions that may be encountered by landfilled.treated
wastes.

Most test procedures are conducted at temperatures (20° to 25°C) and
pressures normally occurring in the laboratory. The major variables en-
countered in comparing different leaching procedures are:

1. Nature of the leaching solution.

2. Waste-to-leaching solution ratios.

3. Number of elutions of leaching solution used.

4. The time of contact of waste and leaching solution. |
5. Surface area of waste.

6. Agitation technique employed.

There is no uniform opinion as to how each of these variables should
be treated in a testing procedure (3-7).

Nature of the Leaching Solution--

Ideally, the leaching solution employed in any testing procedure should
approach the actual fluid that is in contact with the wastes in the landfill
environment. Unfortunately, there is no way of developing a single leaching
solution that represents all the varying conditions with regard to pH,
oxidation—reduction potential (Eh), presence of chelating or complexing
agents, etc. that might be present in a landfill. The general tendency in
most investigations is to use an agressive leaching solution with low pH and
low Eh to simulate a the worst case landfill environment.

Further practical restraints are placed on the composition because the
test solution must be useful in an ordinary laboratory situation. Prepara-
tions that require handling under inert gases or that require reagents that

cannot be obtained in an adequately pure form without great expense are not
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appropriate for a generalized testing system. Most investigators have se—
lected weakly acidic solutions such as carbonic acid (Coz—saturated water)
or acetic acid as leaching media (3-7).

Use of these mildly acidic leaching solutions has its basis in the fact
that natural precipitation and soil waters (which contain CO,) are mildly
acidic. Simple acetate buffer systems have long been used in estimating the
availability of trace metals in agriculture. For example, Morgan's solution,
an acetic acid-sodium acetate buffer, is routinely used to assess availabil-
ity of metals in agricultural soils. To the extent that these mildly acid
systems reflect increased solubility in rainwater or soil water, they repre-—
sent the best compromise as a leaching medium. The groundwater in a land-
fill (especially in a landfill containing only solidified industrial wastes)
may never reach the low pH observed in the acetic acid-based solutions, but
roots growing down into the waste could possibly reduce the pH in their
immediate vicinity to levels similar to those seen in acetic acid and
acetate buffer solutions.

Waste-to-Leaching-Solution Ratios—- :

The decision as to the ratio of waste to the amount of leachlng solu-
tion is always a compromise. Obviously, a waste can come into contact with
an enormous quantity of leaching solution (rainwater, groundwater, etc.)
after disposal. Where the waste-to-leaching solution ratio is very large,
(l:1 or 1:2), common ion effects can reduce the solubility of certain chemi-
cal constituents. Smaller waste—-to-leaching-solution ratios (1:5, 1:40) are
considered to be appropriate (3-6).

In most cases, the practical restraints on the testing require that a
large enough volume of leaching liquid be used to allow the analyses to be
performed at the low levels necessary to assure the health and safety of
persons coming into contact with a leachate from the waste. Thus if a level
of a toxic organic compound must be determined to part-per-billion levels,
several liters of leachate must be available from the test procedure.

The ability to genefate'a relatively large volume of leachate byvrun—
ning tests in duplicate or triplicate is a very practical asset in the
design of a testing procedure.

Number of Elutions of Leaching Solution Used--

In most leachate testing, the initial samples of leachate produced can
be considered to contain the maximum concentrations of potential contaminants
that will be observed in the test procedure. The reason is that the initial
leach liquid samples are exposed to the waste while the highest concentra-
tions of soluble contaminants are present on the fresh waste surfaces. Also,
the maximum amount of fine-grained solid material (which would have a greater
inherent solubility because of its small particle size) is available in the
waste during the first elutiom.

Surface Area of Waste-—

The ideal testing system would expose a leaching solution to the same
surface area that it would be exposed to in a landfill. In the case of a
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dense impermeable waste material, this surface area could equal only the
boundary surface of a waste monolith. In a loose, powdery material or a
sludge, however, the surface area may be hundreds or thousands of times

greater than the boundary surface of the waste mass.

One of the objectives of many waste solidification/stabilization
systems is to produce a monolithic mass with a minimum surface area across
which loss of pollutants can occur. Testing techniques that call for the
waste to be ground to a powder destroy much of the advantage produced by
solidification by these processes. However, some processes are designed to
contain the waste even after being ground to a fine powder.

A compromise is to test the coherence of a solid waste by impact test-
ing and to use the monolith or fragmented monolith as a test specimen. This
approach offers the advantage of allowing a material that would not normally
be landfilled in fragments to be tested in the configuration in which it has
a minimum area for contaminant loss. The major disadvantages of such a
physical and chemical testing system are that:

a. The exact stress that should be applied to fracture a coherent
waste specimen as it might be fractured during landfilling or com~
paction cannot be accurately determined for all cases.

b. The surface area of the test specimen cannot be known with any
precision after the specimen has been fragmented. This is impor-
tant if rate of transfer of contaminant per unit surface area is '’
to be considered.

c. Physical testing of solidified/stabilized materials indicates that
wetting/drying and freezing/thawing cycles can produce rapid dis-
integration of many treated wastes. In many cases this fragmenta-
tion may be more complete than simply cracking the specimen in
impact test apparatus.

d. The variation in fracture patterns between specimens of the same
waste introduces another level of variability into the testing
procedure and reduces the repeatability of the test.

Agitation Employed-—-

The agitation of test samples during leaching or the stirring of the
leaching solution has been advocated to permit more rapid equilibrium to
occur between the specimen and the leaching solution. However, there is no
real analogy in nature for an agitated leaching solution in contact with a
solidified waste. In most cases where the waste would be landfilled, the
water or leachate in contact with the waste would be stationary or flowing
very slowly so that effective diffusivities characteristics are of prime
importance.

The major objection to agitating or mixing the leachate and solid
wastes is that mixing or shaking can grind the test specimen to smaller
pieces, thereby increasing the surface area exposed to the leaching solutlon
and invalidating the test.
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3.5.2 The EPA Extraction Procedure (EP Toxicity Characteristic)

The EPA extraction procedure (EP) is the only leach testing system
currently proposed by EPA as a definitive part of the procedure for the
identification of hazardous wastes (3-8). Analysis of waste materials can
be used to demonstrate the toxicity of wastes, but no simple test exists to
show the degree to which these hazardous materials will be released into the -
" surroundings. The goal of the EP is to determine the amount of contaminant
that is released under circumstances approaching those that occur during the
improper management of hazardous wastes. The EP involves exposure of the
waste to a mild acid leaching solution. The EP can be considered an aggres-
sive procedure for stabilized/solidified waste because it simulates
the environment to which the wastes would be exposed 1f they were placed in
a municipal landfill and saturated with landfill leachate. In cases where
the stabilized/solidified wastes are cast in large monolithic masses, cer-
tain minor modifications of the test procedure are required. Details of the
Extraction Procedure and its associated tests are discussed in Section 7.

3.6 EFFECTS OF BIOLOGICAL ATTACK ON TREATED WASTES

In long-term containment of treated hazardous and toxic wastes, biologi-
cal attack can be a major problem. Biological attack can occur by direct
utilization of some solidification material (such as UF resin) as a substrate
for bacterial growth, or by the biological production of acid materials that
can attack and corrode treated wastes.

Columbo and Neilson (3-9) approached the problem of possible direct bio-
degradation of solidification matrix materials by measuring the total amount
of organic carbon released into leaching waters. Of the four solidification
materials studied (Portland Type II Cement, Urea-Formaldehyde (UF) resin,
asphalt, and vinyl ester-styrene) the UF resin showed the greatest problem
with organic carbon release. In an 18-day leaching program, a 211.7 g sample
released 4.48 g of carbon. No other solidification material approaches this
carbon release. UF is generally conceded to be biodegradable.

Other biological reactions can affect solidified wastes indirectly.
For example, if wastes containing metallic sulfides are incorporated in a
cement matrix, reactions similar to those occurring in the production of
acid mine drainage can occur. The sulfides can oxidize to sulfate and pro-
duce sulfuric acid, which can attack and dissolve concrete. This type of
reaction occurs during the oxidation of pyrites and amorphous iron sulfides.
Atmospheric oxygen is necessary for this reaction to proceed, and therefore
such reactions typically occur at the top of the saturated zone in sulfide-
rich landfills or waste piles. '

Plant roots are another source of acid that can remobilize wastes.
Root hairs typically discharge carbon dioxide into surrounding water and
create a mild acid (carbonic acid) that is capable of putting many toxic
metals into solution as bicarbonates. Organic acids released by decaying

roots can also cause corrosion of some waste materials, particularly those
solidified with a lime or cement-based process.
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3.7 EFFECTS OF CURING AND AGING PROCESSES ON TREATED MATERIAL

Curing and aging processes affect various treated (solidified) wastes:
in widely different ways. Some polymeric materials add linkages during cur-
ing and become stronger and less prone to leaching. In other polymers,
where the waste is not an integral part of the structure, separation of
solid and aqueous phases can occur.

Examples of these different effects can be seen in the contrasts between
cementitious (silicate) solidification systems and UF systems. Moore and
others (3-10) demonstrated that for cementitious systems less leaching was"
observed when cement-based samples had been cured more than 100 days. The
conditions of curing were also important. Specimens cured under humid con-
ditions (where polymerization would be accelerated) were less leachable than
samples that were allowed to dry during curing.

In contrast to cement-based systems, UF solidification results in the
formation of a weep water that is not bound into the polymer structure.
Aging of this material produces shrinkage and additional excess water (3-11).
Containment of waste decreases with aging.

Other waste treatment systems that involve bitumen-based or water ex~-
tensible polymer systems may also show long-term curing changes, but no data
are currently available to demonstrate whether aging/curing effects will be
detrimental to waste containment properties.

Obviously, where encapsulation systems use a surface coating of polymer,
aging effects will be especially critical. If isolation depends on the in-
tegrity of a polyethylene or organic polymer jacket, any weaking or embrlt—
tlement will severely compromise waste containment (3-12).

Each proposed treatment system will require testing after aging to
assure long~term waste containment.

3.8 ECONOMIC CONSIDERATIONS OF TREATMENT OPTIONS

Most waste materials that are currently being considered for disposal.
have no present value, and thus all solidification/stabilization costs repre-
sent additional expenses to be added to the ultimate cost of the product or
service sold. A complete economic analysis must consider costs of waste
transportation, materials and equipment required for stabilization/
solidification, skill levels of treatment plant operators, fees or royalties
for use of patented processes, and cost of transporting and landfilling '
treated wastes. This type of analysis often must be undertaken on a case-
by-case basis. However, to obtain an initial impression of the usefulness:
of different waste treatment systems now and in the future, it is possible.
to restrict economic considerations to present and projected costs for mate~
rials, equipment, and energy. In most treatment systems, the cost of mate-
rials required is the major item regulating present and projected costs.
Table 4-6 outlines the present and future economic considerations for major
waste stabilization/solidification systems. :
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As shown in Table 3-6, the silicate-based systems (cement-based and
pozzolanic) operate with the least expensive materials and have the most
stable pricing structures for raw materials. The organic polymer systems
(including bitumen) have the most easily disturbed raw material costs be-—
cause the prices of raw materials used in these systems are tied to the
price of oil. At present economic considerations appear to be heavily

weighted toward low-temperature silicate systems and against organic
polymers.




9%

TABLE 3-6. PRESENT AND PROJECTED ECONOMIC CONSIDERATIONS FOR WASTE STABILIZATION/

SOLIDIFICATION SYSTEMS

Amount of ma- Cost of ma-
Unit terial required terial required
Type of treatment Major cost of to treat 100 lbs to treat 100 1lbs Equipment  Energy
system materials required material of raw waste of raw waste Trends in price costs use
Cement-based Portland Cement $0.03/1b 100 1b $ 3.00 Stable Low Low
Pozzolanic Lime Flyash $0.03/1b 100 1b $ 3.00 Stable Low . Low
Thermoplastic Bitumen $0.05/1b 100 1b $18.60 Bitumen prices Very high High
(bitumen-based) Drums $27/drum 0.8 drum are rising
rapidly be-
cause of oil
prices
Organic polymer Polyester $0.45/1b 43 1b of $27.70 Price could rise Very high High
(polyester system) Catalyst $1,11/1b polyester=- rapidly due to
Drums $17/drum catalyst mix o0il shortage
Surface encapsulation Polyethylene Varies Varies $ 4.50% Price could rise Very high High
(polyethylene) rapidly due to
oil shortage
Self-cementing Gypsum (from waste) *% 10 1b *k Stable Moderate Moderate
Glassification/mineral Feldspar $0.03/1b Varies - Stable High Very high
synthesis

% Based on the full cost of $91/ton;
*% Negligible but energy cost for calcining are appreciable.
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SECTION 4

ASSESSMENT OF CURRENT DATA ON PHYSICAL AND CHEMICAL
PROPERTIES OF TREATED WASTES

Recent interest in chemical stabilization of hazardous industrial
wastes is beginning to bring about the accumulation of data from studies
dealing specifically with these solidified waste products. Most information
found in this section comes either from a few government-sponsored studies
or from the vendors of waste treatment systems themselves. The results
presented here are intended to be representative of the kinds of tests that
are commonly performed and the ranges of data that are typically found.

Many of the data have been transformed into common units to give uniformity
and comparability to the results.

4.1 EXISTING DATA ON PHYSICAL PROPERTIES OF TREATED WASTES

Because no physical testing regime specific for solidified waste has
been designed, most tests performed are those commonly used to determine the
properties of soils and concrete. Thus, the test results do not always ‘
represent the best information needed to judge the containment capability of
the treated waste, but they are useful in making comparisons with other ma-
terials whose properties are described in the literature. The incompleteness
of the data and the variability in the testing techniques make correlation
of physical properties with leaching characteristics very difficult. Cor-
relations should be made only in cases where the physical properties are
known to be determined on replicates of the actual samples used in the leach-
ing test. Details of the typical test and interpretation of the results are
discussed in Section 3.4.

Another important consideration in discussing the physical properties
of treated wastes is that the physical properties that are important to the
containment success of the different types of treatment processes vary
greatly with the treatment type. For instance, the unconfined compressive
strength of a treated product is meaningful only for those processes that
limit contaminant loss by producing a solid monolith. Processes that produce
soil-like or plastic, spongy masses or encapsulates require completely dif-
ferent testing regimes. Even typical soil tests such as Atterberg limits or
undrained shear strength may not have an important bearing on containment

"properties of the soil-like products of some treatment systems. The physi-
cal tests that are indicative of treatment success are process-specific and
must be determined for each individual case.

Unconfined compressive strength (or analogous measurements) and permea-
bility are most commonly reported for the treatment processes that produce
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monolithic products for which high strength values and low permeabilities
are said tg be indicative of good congalnment Compressive strengths of 10
to 10  N/m~ and permeabilities of 10 to 10 cm/sec are not unusual for
concrete-~based treatment systems (Table 4-1). Organic admixture systems .
generally are plastic (with low strength) and vary from highly permeable ‘to
impermeable depending on the kinds and amounts of additives used. The treat-
ments that produce clay or soil-like products cannot be tested using the
physical testing procedures designed for concrete-~like products. These '
products usually have relatively high permeability and depend on containing
the pollutants by binding them inside a molecular matrix. A summary of the
kinds of physical tests reported by the major vendors in the field are pre-
sented in Table 5-1 along with the process type and comments of performance
in leach tests.

The details of the tests that are performed are quite important and
should be indicated for each test made. Table 4-2 illustrates the changes
in the unconfined compressive strength of samples of treated products made
with varying amounts of cement and water content of the particular sludge
being fixed. Note that a 107 to 15% change in the water content will change
the compressive strength of the product several fold. Small changes in the
amounts of impurities or the sludge pH can also have profound effects on the
properties of the final product.

A comprehensive study of physical and engineering properties of treated
and untreated flue-gas cleaning and hazardous industrial sludges has been
performed by the U. S. Army Engineers, Waterways Experiment Station (WES)
(4-1, 4-2, 4-3). The same treated and untreated sludge samples were also
used in several leaching tests, some of which are still in progress. Five
flue-gas cleaning sludges and five hazardous industrial sludges were treated
by up to seven different solidification/stabilization vendors. The wide
variety of final products made it difficult to choose which physical and
engineering property tests to run. Physical property tests that could be
run on all treated sludges were specific gravity, water content, void ratio,
velocity, bulk unit waste, and dry unit waste. Tests for engineering prop-
erties included compaction, unconfined compression, modulus of elasticity,
permeability, and durability. Wet-dry and freeze-thaw cycle tests were also
performed. Results reported to date for the leaching tests on the same batch
of samples indicate that none of the physical properties tested were of
significant value in estimating loss rate in all leaching tests. The results
of the physical tests appeared to useful only for predicting handling char-
acteristics or disposal site requirements. The tests might be useful pre-
dicting the success of a specific treatment system on a particular waste
type, but were not valid when comparing between treatment types.

4,2 EXISTING DATA ON CHEMICAL PROPERTIES OF TREATED WASTES

Results of leaching tests are commonly reported by vendors of waste
treatment systems. However, the protocols of leaching tests vary widely,
from a l-hr unstirred, distilled-water leaching test on undisturbed treated
waste samples to extended, repeated leaching of ground samples by aggressive
leaching solutions. Some vendors report results of field tests. Table 4=-1
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NOTE:
VERIFIED

TABLE 4-1. RESULTS OF PHYSICAL PROPERTY AND LEACHING TESTS MADE BY SLUDGE STABILIZATION VENDORS#*

THESE DATA ARE PROVIDED BY THE VENDOR COMPANIES FOR ILLUSTRATIVE PURPOSES ONLY AND ARE NOT

Physical property

Typical permeabilities

Vendor or data source Solidification basis tests and results (cm/sec) Leaching tests and results

Atcor Washington, Inc. Cement Numerous results available. — Numerous results available.
(Div. Chem. Nuclear Product is monolithic cement Leaching rate found accept-
Systems, Inc.) Peekskill, structure with no freewater able for shallow land burial.
N.Y. 10566

Chemfix, Inc., 7 Cement and soluble sil- Treated material varies 1()‘-5 to 10_6 Extensive leaching tests have
Kenner, La. 70063 icates from soil-like to concrete- been run on a varlety of

like monolith with high processed materials., Tests

bearing capacity. run include cyclic leaching
tests, saturation extrac-
tion tests, and nonequili-~
brium extraction systems.

Dravo Lime Co., Cementitious product Treated material dry with ——— Field leaching test results
Pittsburgh, Pa. from basic, glassy clay-like consistency with FGD sludges avallable.
15222 ("Calcilox") blast furnace slag (like compacted clayish Typically, leaching rates were

soil). reduced 1-2 orders of magni-
tude compared to untreated
material.

Environmental Technology Lime plus ion-exchange Product resembles clay in 10—6 Unique open trench leach
Corp., Pittsburgh, medium and binder appearance and properties., test gave results (one of
Pa. 15220 ' Strengths avergge around ten sludges) after 1 month

9.6 x 10 N/m", 1-5000 mg/1 dissolved solids
5-800 mg/1 S04, and less
than 0,01 mg/1l of Ni, Mn,
Cr, Fe, and Zn
I. U. Conversion Systems Fly ash and lime-based Unconfined compressive 10—5 to 10_7 The company maintains that

Horsgham, Pa. 19044
("POZ-0-TEC")

Ontario Liquid Waste
Disposal, Ltd (Canadian

Waste Technology), Mark-

ham, Ontario, Canada
L3R-1G6

Polymeric Materials Sec-
tion, Department of
Material Science,
Washington State Univ.,
Pullman, Wash. 99164

(pozzolanic)

Silicate compounds

Polyester resin

strengtg (FGB sludges)
>1,2 x 10° N/m

For cost reasons, end
product is usually low-
strength; butsstreagths
up to 21 x 10° N/m~ are
possible.

40% resin product has
compresgive Etrength of
15 x 10° N/m

(Continued)

after 2 to 4 weeks

forced ‘leachate tests are
not valid for their product.

- different tests have shown
a reduction in concentration
of most species in leachate
of 1/2 to 1/200 that from
untreated wastes.

Heavy metal concentrations
in leachate are commonly
below 1 mg/l from acid,
metal-bearing, treated
wastes.

Leachability after dissolu-
tion of surface materials
1s practically negligible.
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TABLE 4-1. (Concluded)

Vendor or data source

Solidification basis

Physical property
tests and results

Typical permeabilities
(cm/sec) *

Leaching tests and results

Sludge Fixatlon Technology
Inc., Orchard Park, NY
14127 ("Terra-Crete")

Stabatrol Corporation
Norristown, PA 19401
("Terra~Tite")

Stablex Corporation
Radnor, PA 19087
("seal-o-safe'™)

TJK, Inc.
North Hollywood, CA
91605

Todd Shipyards Corp.
Galveston, TX 77553
("Safe-T-Set')

TRW Systems Grouﬁ
Redondo Beach, CA
90278

Werner and Pfleiderer
Corp., Waldwick, NJ
07463

Self-cementing pro-
cess for FGD sludges
(calcination)

Cementitious additives

Cement and Pozzolanic
Materials

Cement

Organic Polymer
(not U-F)

Inorganic cements
and polybutadiene
resins

Bitumen encapsulation

Strengths fgom 926 x 104
to 5.7 x 107 N/m” are
possible depending upon
proportions

Unconfined compressivg 2
strengths to 4.8 x 10”7 N/m

Strengths typical for
grouts used as fillers
and soll stabilizers,
but much less than
concrete

Strengths vary wid&ly
but 5-10 x 10° N/m” are
not uncommon with 20%
(w/v) additives

Tests include; mechanical
testing, bulk density,
surface hardness, compres—
sive strength

Plastic solids usually
placed in steel drums

1075 1o 1077

1077

1077

negligible

Data on leaching of treated
lead-rich FGD sludges shows
less than 0.0l mg/l in
leach liquid

"insignificantly low"

Grinding product to powder
and immersing in water for
3 hrs gave very little

(<1 mg/1) loss of materials

Grinding product to powder
and immersing in water for

6 hrs showed only low levels
of pollutants were lost (or
about 1 mg/1)

Nine tests reported: Escape
of radloactive material,
temp. cycle, several immer-
sion tests, off-gas tests,
and biologlcal and radiation
stability

ﬁeaching tests at pH 3.8 to
4.0 and

Leach rates average 100 times
less than comparable cement
treated wastes

* Taken from EPA-600/2-79-056 and company literature.




TABLE 4~2. RELATIONSHIP BETWEEN PERCENT SOLIDS, UNCONFINED COMPRESSIVE
STRENGTH AND CEMENT CONTENT OF A CHEMICALLY STABILIZED SLUDGE*

Sludge solids initial content %

Cement content % (w/v) 45.5 50.0 55.5

0.8 1.4 1.4

3.7

* Data from infgrmation supplied by Takenaka Komuten Co., Ltd., Tokyo, Japan.
Data in kg/cm™ after 240 days curing.




lists typical types of leaching tests and results from the major vendors of
waste treatment systems.

4.3 CORRELATION OF PHYSICAL AND CHEMICAL PROPERTIES

The great variety of treatment techniques makes it difficult to consis-
tently correlate physical and chemical properties in treated materials. The
asphaltic materials and the plastic-~jacket encapsulates are imprevious
solids and both show excellent waste retention. When admixes of wastes and
pozzolan or Portland cement are attempted the results become less easily in-
terpreted. Some admix systems depend on chemical binding and adjustment of
pH, thus impermeability, increased strength and decreased void space are not
as important as the chemical composition and potential binding reactions in
the mix.

4.4 INTERPRETATION OF PHYSICAL AND CHEMICAL DATA

Interpreting the chemical and physical data collected on stabilized/
solidified wastes is very complex. How much waste containment must a sta-
bilized specimen exhibit? How strong physically must a treated waste mate—
rial be? Absolute guidelines may be set, or the best judgment of regulatory
officials may be used. Two major methods of data interpretation exist: At-
tempting to predict environmental impact, or using rigid standards for waste
materials that ensure some degree of containment regardless of surrounding
conditions.

No presently required chemical leach test is designed to predict the.
ultimate containment of treated toxic waste, but test protocols developed’
for the nuclear waste industry can be employed to model waste containment
(4~4, 4-5, 4~6). The problem of radionuclear waste escape from solids
formed using matrices of cement, asphalt, ceramic, or glass media can be
modeled using expressions that take into account diffusion and concentration-
dependent dissolution. Details of tests based upon the predictive Inter-
national Atomic Energy Agency testing procedure are given in Appendix B and
further discussion of predictive models is given in Section 6.
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SECTION 5

DESIGN CONSIDERATIONS FOR SOLIDIFIED AND STABILIZED
WASTE DISPOSAL FACILITIES

Disposal of treated wastes is subject to the same regulatory and oper-
ational constraints and considerations as the disposal of any other waste
stream, even though the end product is nonhazardous and/or easily managed or
transported. This section addresses special aspects of treated wastes that
may be important to the disposal operation, and the general aspects and
alternatives of waste disposal under currently proposed regulations and
technology. The major emphasis of this section concerns nonhazardous dis-
posal technology and regulations under RCRA definitions and procedures
necessary to avoid the more rigorous hazardous waste disposal requirements.

5.1 SPECIAL CONSIDERATIONS FOR HANDLING AND DISPOSAL OF STABILIZED/
SOLIDIFIED WASTES

Chemical treatment usually strives to produce a solid monolith in order
to exclude leaching waters from the bulk of the waste materials. The larger
the treated waste block, the greater is the proportion of the waste that is
isolated from environmmental interactions. The treated waste may also require
secondary containers such as drums or tanks. Some treated wastes present
unique problems to the typical waste handling and compacting equipment de-
signed for loosely packed refuse or semisolid sludges. The solid block
should be formed and covered with a minimum of fracturing to retain the ben-
efits of treatment.

A very common practice (especially for hazardous sludges) is to combine
the treatment and disposal operation. In this method, the wastes are trans-
ported to the facility in their original (and perhaps hazardous) condition,
where they may undergo chemical treatment. The wastes are mixed with the
appropriate chemical additives and pumped directly to the waste disposal area
as a semisolid slurry that solidifies in place into a single monolithic mass.
As yet, no specific regulations have been written concerning this type of
operation, but it appears that if hazardous wastes are involved, the treat-
ment phase of the operation would be covered by the more rigorous hazardous
waste regulations with regard to storage and treatment operations.

All treated wastes are susceptible to breakdown and release of the
contained wastes if they .encounter an aggresive environmment in the waste
disposal site. Even mildly acid environments will slowly breakdown most .
cement- and pozzolan~treated wastes. High sulfate concentrations in the .
contacting waters will cause surface spalding and structural breakdown of

56




cement-based products. Organic solvents, and even oils and greases, can
cause loss of integrity in asphalt-based treated wastes. Strong oxidants
can cause breakdown of many organic-based treated wastes. Even glass-
containing wastes can be etched and devitrified in strongly alkaline
environments.

Sanitary landfills are currently being studied as depositories of non-
hazardous treated wastes, since they represent a common and well understood
.disposal system (5-1). Although long-term results are not available, it now
appears that the increased rate of dissolution of the cement- and pozzolan-—
treated wastes is more than offset by the large exchange capacity of the
cellulosic residue in the municipal waste. Little heavy metal release to
the surrounding enviromment occurs. Attenuation of the pollutants by the
municipal refuse may be only temporary however, since after the bulk of the
organic material is broken down, release may occur. Sanitary landfills are
best presumed to be unsuitable for disposal of treated wastes.

5.2 DESIGN FACTORS FOR HAZARDOUS WASTE LANDFILLS

Treated wastes that meet the EPA criteria for hazardous waste must be
disposed of in a landfill that has been designed and approved for handling
hazardous solid waste. In general terms, hazardous waste landfills must
provide complete, long-term protection of the quality of surface and sub-
surface waters from any of the hazardous constituents disposed therein and
from any hazards to public health and the environment. Such sites must be
located or engineered to avoid direct hydraulic continuity with surface and
subsurface waters. Subsurface flow of groundwater into the disposal area
must be prevented. Leachate generation should be avoided; any produced must
be collected and treated. Monitoring wells must be installed, and a
sampling and analysis program must be designed and approved. These require-
ments would also be desirable for typical, sanitary landfills. The primary
difference involves the degree of concern and care, and the record keeping
that must be involved where hazardous materials are involved.

The state of the art for predicting discharges or releases from land-
fills is poor. Therefore EPA states in their proposed rules that the only
option available to insure protection of human health and the environment is
to prescribe design and operating standards for hazardous waste landfills
that provide maximum containment. An inert, essentially impermeable liner
is required at all hazardous waste landfills. Furthermore, in localities
where climatic and natural geologic conditions are such that leachate
buildup might be expected (where evaporation does not exceed precipitation
by 20 in. or more), an active leachate collection system is required so that
any leachate generated can be removed and treated. Landfills located over
an underground drinking water source must install groundwater and leachate
monitoring systems and provide for up to quarterly sampling and analysis of
specified parameters. Sampling, analysis, and record keeping are required
for at least 20 years after closure of the landfill. Exact location of each
hazardous waste (with respect to permanently surveyed benchmarks) and the
dimensions and compositions of the waste must be recorded and kept available
for inspection.
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EPA has proposed to restrict hazardous waste landfills from accepting
ignitable, reactive, or volatile wastes, or wastes that are bulk liquids,
semisolids, or sludges. Liquid wastes in containers are prohibited but
liquids may be solidified in the container. Bulk liquids can be fixed to’
meet regulations..

5.3 USE OF LAND TREATMENT OF BIODEGRADABLE INDUSTRIAL WASTES

Landfarming incorporates biological, chemical, and physical processes
of the upper soil horizons to effectively treat biodegradable industrial
wastes. Selection, deposition; and postdepositional care must be adminis-
tered to maximize the effectiveness of waste degradation. Disposal of
hazardous waste by landfarming may require pretreatment to eliminate com-
bustion, reaction, or volatilization hazards. Such treatment must result in
waste attributes conducive to the landfarming degradation processes.

Similarities between this recycling of waste products and agriculturél
farming all depend on planning and readily available, dependable, large-scale
equipment. Combined agricultural techmiques and landfarming of wastes can
result in improved land surface and soil characteristics, but the primary.
objective is to dispose of waste continuously while maintaining or improving
the soils disposal efficiency for long-term usage.

The densities and makeup of microbial populations vary with soil depth
and geographic location. Geographic location also affects the seasonal dura-
tion and intensity of microbial activity. The surface or near-surface dep-
osition of waste materials and mixing by conventional plow techniques exposes
concentrated waste material to large populations of microbes.

Whether waste material is deposited on or beneath the soil surface is
determined by many factors such as the character of the waste, the microbes,
and the soil. The function of the created waste-soil system is to produce
harmless volatiles, water soluble components, and decomposition products
available for uptake by vegetation. Absorption of waste components by
mineral constituents of the soil must be avoided or the storage capacity
will eventually be reached and waste will be transmitted to groundwater
systems. Depending on future site use, the landfarm can become a repository
of nonbiogradable materials, although such is not the purpose of a landfarm.
Pretreatment could provide nonbiodegradable material in a fixed form, pos=—
sibly improving soil texture.

Although the interactions among the soil constituents and waste mate-
rials are complex, a list of general factors is given as follows:

Temperature

Moisture content

pH

Inorganic nutrients

Oxygen availability

Chemical composition of wastes
Physical characteristics
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The requirements for landfarming delineate environmental concerns pri-
marily related to water quality. The landfarm must not have direct contact
with surface water or groundwater systems. Erosion problems are generally
not associated with landfarm areas because of restrictions posed by surface
slope requirements. However, any direct exposure of waste materials by ero-
sion must be considered. Subsurface geology must prevent possible ground-
water contamination. The surface slope must be sufficiently steep to prevent
ponding, but it must be gentle enough to prevent erosion. The soil pH must
be above 6.5 to prevent leaching of toxic metals. Soil characteristics
throughout the site must be ascertained before, during, and after the site
is in active use. This requirement establishes that the soil has been
returned to an equivalent preexisting condition before closure. Ignitable,
reactive, volatile, and incompatible wastes are not permitted in a landfarm
disposal system. Some treated waste may prove to be suited to landfarming
if release of degradable compounds occurs at a rate comparable to their
destruction. The technical resource document on Design and Management of
Hazardous Waste Land Treatment Facilities (5-2) should be comnsulted for
further detail.

5.4 OPERATION AND MANAGEMENT OF DISPOSAL FACILITIES FOR TREATED WASTES

Many of the listed operational procedures discussed below are not now
required for waste disposal facilities that are permitted to accept only
nonhazardous waste. However, because most treated wastes would be catego-
rized as hazardous if they were not treated, procedures suitable for hazard-
ous waste should be followed insofar as possible. In the case of long-term
instability of the treated product, such precautions may prevent environmen-
tal or groundwater degradation in the vicinity of the disposal site. Most
procedures protect the operators of the disposal site as well as the general
public, and they can be accomplished with relatively small expense. EPA's
position at this time is that treatment of any kind does not reduce the need
for a complete monitoring program.

5.4.1 Monitoring of Ground and Surface Waters

The most frequent and serious environmental impact in the disposal
facility is also the most easily overlooked and most expensive to rectify~~
that of losing leachate and pollutants to the groundwater. Monitoring of
the groundwater quality to ascertain whether pollutants are being lost from
the disposal sites is the only method to be certain that no hazardous con-
stituents are being lost. Monitoring should begin before opening of the
site to provide baseline data on the water quality in the area. Ideally,
background samples should be taken throughout all hydrological seasons, as
considerable variation can occur within the year.

Monitoring wells should be placed both up and down the groundwater
gradient from the disposal site. Changes din the overall groundwater quality
in the area would not be seen equally in water samples from all wells. Pol-
lutants from the disposal site itself should only show up in the water sam-
ples from wells down the groundwater gradient.
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Any elevated or abnormal concentrations should immediately be double~-
checked with new water samples so that immediate remedial action can be
taken. A quick response to stop the source of the leachate infiltration is
always cheaper and more effective than efforts at cleaning up an aquifer |
after extensive pollution has occurred. :

5.4.2 Gas Monitoring

Landfills containing putresable materials produce large amounts of
methane and carbon dioxide. Other gases (hydrogen, ammonia, hydrogen sul-
fide, etc.) can be produced in appreciable quantities from particular wastes
typically found in some landfills. These reactive gasses can migrate and
attack treated wastes causing a greatly increased loss of constituents.
Depending on the geology and soil permeabilities at the site, gases can
migrate long distances underground and accumulate under any structures on
or near the disposal site. Explosive gases, especially methane, should be
monitored. Toxic or asphyxiating gases should also be monitored on a
regular basis with appropriate instruments. The presence of such gasses
should bring about a reassessment of the contaimment properties of the
treated wastes.

Gas migration through the soil is especially prevalent in sandy,
permeable soils and in rainy periods as the influx of rainwater into the
soil forces gases into the surrounding areas. Landfill gases are elusive,
and concentrations can vary greatly at the same sampling point over the
course of a few hours or between simultaneous sampling at two adjacent .
sampling points. Areas with stunted or dying vegetation should be checked
as likely areas of gas migration and/or collection.

60




REFERENCES

Myers, T. E., and others. Chemically Stabilized Industrial Wastes
in a Landfill Environment. Paper presented at 6th Annual Solid

and Hazardous Wastes Research Symposium, Chicago, Ill., March 17-20,
1980.

Brown, K. W. 1980. Design and Management of Hazardous WasR La