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Summary
Solidification/stabilization (S/S) is an established technology that has been used for almost 20 years to treat

a variety of wastes at Superfund remedial sites throughout the country.  Historically, S/S has been one of the top
five source control treatment technologies used at Superfund remedial sites.  To provide interested stakeholders
such as project managers, technology service providers, consulting engineers, site owners, and the general public
with the most recent information about S/S applications at Superfund sites, as well as information about trends
in use, specific types of applications, and cost, the U.S. Environmental Protection Agency (EPA) performed a
review and analysis of S/S applications and prepared this summary.

Highlights of S/S use at Superfund remedial sites include:

• Trends in Use - S/S is one of the top five source control treatment technologies used at Superfund
remedial sites, having been used at more than 160 sites since FY 1982.  The frequency with which S/S
was selected as a remedy increased during the late 1980s and early 1990s, reaching a peak in FY 1992,
and then generally decreasing through FY 1998.

• Project Status - Many of the S/S projects (62 percent) have been completed, with an estimated 21
percent in the predesign/design stage. Overall, completed S/S projects represent 30 percent of all
completed projects in which treatment technologies have been used for source control.  In addition, the
average operational time for S/S projects was 1.1 months, which is shorter than other technologies such
as soil vapor extraction, land treatment, and composting.

• Types of Applications - A majority of S/S projects at Superfund remedial sites are ex situ applications where
inorganic binders and additives were used to treat metal-containing waste.  Organic binders were used for
specialized waste such as radioactive wastes and those containing specific hazardous organic compounds.  S/S
was used to treat wastes containing only organics for a small number (6 percent) of the projects.

• Performance - Most performance testing for S/S waste products is conducted after curing is
completed, and only limited data are available on long-term performance of S/S at Superfund remedial
sites.  Available performance data for metals for these projects showed that S/S met the established
performance goals.  Only limited data were available on organics; however, S/S met the established
performance goals for several projects.

• Cost - Information about the cost of using S/S to treat wastes at Superfund remedial sites was available
for 29 completed projects.  The total cost ranged from $75,000 to $16 million. The average cost per
cubic yard for these S/S projects was $264, including two projects with relatively high costs
(approximately $1,200 per cubic yard each).  Excluding those two projects, the average cost per cubic
yard for S/S was $194.

Sources of information about S/S used for this summary included Superfund Records of Decision (RODs), ROD
amendments, and Explanations of Significant Differences (ESDs) issued by EPA through FY 1998; data and
analyses contained in EPA’s Treatment Technologies for Site Cleanup:  Annual Status Report (ninth edition) (ASR);
information being collected for the tenth edition of the ASR, expected to be published later this year; and EPA’s
REmediation And CHaracterization Innovative Technologies (EPA REACH IT) system.

What is Solidification/Stabilization
The term “solidification/stabilization” refers to a general category of processes that are used to treat a

wide variety of wastes, including solids and liquids.  Solidification and stabilization are each distinct
technologies, as described below (EPA, 1997, Portland Cement Association 1991):

• Solidification - refers to processes that encapsulate a waste to form a solid material and to restrict
contaminant migration by decreasing the surface area exposed to leaching and/or by coating the waste
with low-permeability materials.  Solidification can be accomplished by a chemical reaction between a
waste and binding (solidifying) reagents or by mechanical processes.  Solidification of fine waste particles
is referred to as microencapsulation, while solidification of a large block or container of waste is referred
to as macroencapsulation.



• Stabilization - refers to processes that involve chemical reactions that reduce the leachability of a
waste.  Stabilization chemically immobilizes hazardous materials or reduces their solubility through a
chemical reaction.  The physical nature of the waste may or may not be changed by this process.

For S/S applications at Superfund sites, the regulatory definition of stabilization under the Resource Conservation
and Recovery Act (RCRA) may be relevant to a project.  Under the Land Disposal Restrictions (LDR) program
(40 CFR part 268), stabilization is the required treatment standard for certain types of waste.  In addition,
stabilization may be used to render a RCRA hazardous waste (defined under 40 CFR part 260) non-hazardous
prior to disposal.  RCRA defines stabilization (40 CFR 268.42) as “[a process that] involves the use of the
following reagents (or waste reagents): (1) Portland cement; or (2) lime/pozzolans (e.g., fly ash and cement kiln
dust) - this does not preclude the addition of reagents (e.g.,  iron salts, silicates, and clays) designed to enhance
the set/cure time and/or compressive strength, or to overall reduce the leachability of the metal or inorganic.”

In addition, S/S processes can involve the use of very high temperatures (usually greater than 1,500 ºF) to vitrify
wastes, forming glass-like waste products.  However, these S/S processes are not addressed in this summary.

Use of S/S at Superfund Sites
Recent information about the use of S/S at Superfund remedial sites indicates that S/S has been used at

167 sites since FY 1982.  Exhibit 1 shows the number of projects by status for the following stages -
predesign/design, design completed/being installed, operational, and completed.  Data are shown for in situ and ex situ
S/S projects.  In addition, information about all source control technologies is provided.  With respect to S/S
projects, the majority of both in situ and ex situ projects (62 percent) are completed, followed by projects in the
predesign/design stage (21 percent). Overall, completed S/S projects represent 30 percent of all completed
Superfund projects in which treatment technologies have been used for source control.  (Appendix A contains
summary information, where available, for these S/S projects).

Exhibit 1:  Percentage of Superfund Remedial Projects by Status

Project Status
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Data Source: ASR (9th Edition), FY’98 RODs
Number of Projects:  Source Control = 682, Ex  Situ S/S = 139, In Situ S/S = 28
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Data Source:  ASR (9th Edition) FY’98 RODs
Note:  Does include 4 projects in which other treatment technologies were changed to S/S

Exhibit 5:  Remedies Selected to Replace
Solidification/Stabilization

Total Number of Projects = 59

Exhibit 4:  Selection Versus Implementation of
Solidification/Stabilization Remedies

Fiscal Year
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Soil Vapor Extraction 28%

Solidification/Stabilization 24%

Incineration (off-site) 13%

Bioremediation 11%

Thermal Desorption 9%

Exhibit 2:  Top 5 Source Control Treatment
Technologies Used at Superfund Remedial Sites

Note: Source control treatment RODs are defined as RODs selecting one or
more treatment technologies to treat the source of the contamination

Exhibit 3:  RODs Selecting Solidification/Stabilization
Remedies vs. All Source Control RODs
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Remedy Selection Trends
Exhibit 2 shows the top five source control

treatment technologies used at Superfund remedial sites
from FY 1982 through FY 1998.  Cumulatively, S/S projects
are the second most common type of source control
treatment technology implemented at these sites, representing
24 percent of all source control treatment technology projects.
Soil vapor extraction (SVE) is the most common technology
implemented, representing 28 percent of all source
control treatment technology projects.

Exhibit 3 shows the trend in selection of S/S as a remedy
at Superfund remedial sites between FY 1982 and FY
1998 and compares the selection of S/S remedies with all
other treatment technologies.  The frequency with which
S/S was selected as a remedy increased during the late
1980s and early 1990s, reaching a peak in FY 1992, and
then generally decreasing through FY 1998.  The trend in
S/S remedy selection during this time frame is similar to
that for all source control treatment technologies.

Remedy Changes
Exhibit 4 compares the number of RODs in which S/S was selected with the actual number of S/S

projects implemented each year from FY 1982 through FY 1998.  The differences between the number of
RODs where S/S was selected as the remedy and the number of S/S projects implemented reflects changes in
the remedies that occurred during the remedial process.  Between FY 1982 and FY 1987 and between FY 1994
and FY 1998, the number of S/S remedies implemented is close to the number of S/S remedies selected in
RODs.  From FY 1988 through FY 1993, there is a larger gap between the number of S/S remedies selected and
the number implemented.  As shown in Exhibit 3, this time frame corresponds to the fiscal years in which S/S
was most frequently selected as a remedy.

Exhibit 5 shows the remedies that were selected to replace S/S.  Off-site disposal was the most frequently
selected (27 percent) remedy, followed by on-site containment (15 percent).



Reasons cited by project managers for replacing S/S as a remedy are presented in Exhibit 6.

Specific Types of S/S Applications
Exhibit 7 shows a breakdown of the S/S projects by type of application which include ex situ solidification/

stabilization, in situ solidification/stabilization, ex situ stabilization only, and in situ stabilization only.  A specific type of
S/S application was identified for 88 percent of the projects.  Solidification/stabilization (in situ and ex situ)
represents 63 percent of the S/S projects compared to 15 percent for stabilization only (in situ and ex situ).

Exhibit 8 shows the types of binder materials used for S/S projects at Superfund remedial sites, including
inorganic binders, organic binders, and combination organic and inorganic binders.  Many of the binders used
include one or more proprietary additives.  Examples of inorganic binders include cement, fly ash, lime, soluble
silicates, and sulfur-based binders, while organic binders include asphalt, epoxide, polyesters, and polyethylene.
More than 90 percent of the S/S projects used inorganic binders.  In general, inorganic binders are less expensive
and easier to use than organic binders.  Organic binders are generally used to solidify radioactive wastes or
specific hazardous organic compounds.

*  Includes 3 in situ projects
Data Source: EPA and State Project Managers
Note: Number of projects for each type is shown in parenthese.  TBD = to be determined

Exhibit 7:  Solidification/Stabilization Projects by Type

Total Number of Projects = 167

Exhibit 8:  Binder Materials Used for
Solidification/Stabilization Projects

Data Source: EPA and State Project Managers
Note: Inorganic binders consist of cement, fly ash, lime, soluble silicates, or sulfur.

Organic binders consist of asphalt, organophilic clay, or activated carbon.

Total Number of Projects = 59
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(1) The estimated volume of contaminated material had decreased such that S/S was no longer cost effective

(2) S/S could not meet the required treatment standards for the waste at the site

(3) The cost of S/S was too high

(4) S/S had originally been selected to treat residuals from other treatment technologies at the site.  When
little or no residuals were generated, S/S was no longer necessary

(5) The community expressed concerns about on-site treatment of wastes

(6) There were problems implementing S/S

(7) S/S could not significantly reduce the mobility of a specific waste

Exhibit 6:  Reasons Cited by Project Managers for Replacing S/S as the Remedy



Data Source: EPA and State Project Managers
Note:  Metals are defined as heavy metals.  Data indicates how many projects are

addressing each type of contaminant group and are not necessarily indicative of
how well the technology has treated each type of group

Exhibit 10:  Contaminant Types Treated by S/S

Total Number of Projects = 163
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Exhibit 11:  Number of S/S Projects Treating Specific Metals

Type of Metal Contaminant

Exhibit 9: Binders and Reagents Used for S/S
Projects

������� ��� 	�
���� 
������ ��� ���������

Cement 47

Proprietary reagents 22

Phosphate 14

pH controls 12

Fly ash 10

Lime 10

Sulfur 4

Asphalt 1

Other organics used include granular activated carbon
and organophilic clay.

*  A project may use more than one binder or reagent
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Exhibit 9 summarizes the specific types of binders and
reagents used in S/S projects at Superfund remedial sites.
Cement is the most common binder (47 projects), followed
by proprietary additives (22 projects), and phosphate (14
projects).

Exhibit 10 shows the types of contaminant groups and
combination of contaminant groups treated by S/S at
Superfund remedial sites.  S/S was used to treat metals only
in 56 percent of the projects, and used to treat metals alone
or in combination with organics or radioactive metals at
approximately 90 percent of the sites. S/S was used to treat
organics only at 6 percent of the sites.

Exhibit 11 provides a further breakdown of the metals
treated by S/S at Superfund remedial sites.  The top five
metals treated by S/S are lead, chromium, arsenic, cadmium,
and copper.

Exhibit 12 shows the types of sites treated by S/S projects.  Waste management/disposal areas, organic chemical
manufacturing, petroleum refining, and metal ore mining, smelting and recycling facilities were the most common
site types addressed by S/S.

Time of Operation
Data on completed S/S projects were analyzed to determine the average operational time for S/S projects

compared to other technologies.  For this analysis, operational time was defined as the period from when
operations began (following design and installation) to the time the project was determined to have been
completed by the project manager.  Assuming treatment of 1,000 cubic yards of waste, the average operational
time for S/S projects was 1.1 months.  For the same volume of waste, the average operational time was



approximately 0.75 months for thermal desorption, 1 month for incineration (on site), 2.5 months for soil vapor
extraction, 3 months for land treatment, 3.8 months for composting, and 5.8 months for soil washing.

Post Cure Testing and Performancee
The performance of S/S at Superfund remedial sites often is measured after the solidified material has

cured.  As shown in Exhibit 13, post cure testing was performed for 67 percent of the S/S projects. Exhibit 14
lists the types of post cure tests used for S/S projects, which include; (1) physical tests - to provide information
about the physical characteristics of the treated waste, such as its moisture content or strength; and (2)
chemical tests - to measure the potential of a stabilized waste to release contaminants to the environment; to
define the composition of the waste and assess the performance of the binder.  The most common post cure
tests used were the toxicity characteristic leaching procedure (TCLP) test and the unconfined compressive
strength (UCS) test.

Available performance data for treatment of metals by S/S from completed projects indicated that
concentrations of metals before treatment
typically ranged from 50 mg/kg to 70,000
mg/kg, with concentrations as high as
424,000 mg/kg for lead and 170,000 mg/kg
for cadmium.  In general, post-treatment
concentrations of metals met the RCRA
TCLP standards.

Performance data for completed S/S
projects where organics had been treated
were limited.  Typical organics treated by
S/S at Superfund sites included
trichloroethene, benzene, methylene
chloride, pentachlorophenol,
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Exhibit 12:  Superfund Remedial Actions:  Site Types for Solidification/Stabilization

Exhibit 13:  Percentage of Completed S/S Projects
Conducting Post Cure Testing

Total Number of Projects = 102

Site Type
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* A project may use more than one type of test.  ANSI 16.1 is the American Nuclear Society test 16.1 which is a leaching test.

** Synthetic precipitation leaching procedure.

Total Number of Projects = 66
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Type of Test

Exhibit 14:  Type of Post Cure Testing Used for S/S Projects

Exhibit 15:  S/S Performance at American
Creosote, TN

����
���
�� ���
���� ��
�� 	�����
Pentachlorophenol <200 µg/l Passed
Benzo(a)pyrene <10 µg/l Passed
Dibenz(a,h) anthracene <4.4 µg/l Passed
Dioxin <30 ppq** Passed

* Results reported as concentration of SPLP extract
**ppq = parts per quintillion

polycyclicaromatic hydrocarbons, pesticides (dieldrin,
endrin, isodrin, and aldrin), and polychlorinated biphenyls
(PCBs).  Concentrations of contaminants before treatment
typcially ranged from about 100 mg/kg to 1,100 mg/kg
(PCBs).

While only limited post-treatment performance data were
available for organic wastes, the data indicated that S/S met
the established performance goals for several projects.  For
example, at the American Creosote, a wood preserving site
in Tennessee, soils were contaminated with wood preserving
compounds such as pentachlorophenol, benzo(a)pyrene,
dibenz(a,h) anthracene, and dioxin.  As shown in Exhibit 15,
S/S met the cleanup goals for each of these constituents.

Limited data are available on long-term performance of S/S at Superfund sites.  The long-term environment and
conditions to which the solidified waste is exposed can affect the stability of the treated waste.  For example,
studies (Klich et al) have shown that cement-based stabilized wastes are vulnerable to the same physical and
chemical degradation processes as concrete and other cement-based materials (that is, have the potential to
disintegrate over a period of 50 to 100 years).

Cost Data
Information about the cost of using S/S to treat wastes at Superfund remedial sites was available for 29

completed projects.  Total costs for S/S projects ranged from $75,000 to $16 million including the cost of
excavation (if ex situ), treatment, and disposal (if ex situ).  The cost per cubic yard treated ranged from $8 to
approximately $1,200 per cubic yard.  The average cost per cubic yard for these projects was $264, including
two projects with relatively high costs (approximately $1,200 per cubic yard).  Excluding those two projects, the
average cost per cubic yard was $194.



8

Exhibit 16:  Long Term Management Options for
S/S Projects
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Long Term Management Option*

* A project may implement more than one option.; on-site disposal is for wastes
from ex situ processes.

Disposal/Long Term Management Options
The waste forms produced by ex situ S/S processes

are either disposed of off-site or disposed of on-site
(with or without capping).  The waste products of in situ
S/S processes are left in place at the site (i.e., disposed of
on-site) with or without capping.  For completed S/S
projects at Superfund remedial sites, on-site disposal of
waste forms produced by ex situ processes and capping
were used for the majority of projects, as shown in
Exhibit 16.

Additional Information
The following sources provide additional

information about S/S processes in general and their use
at Superfund sites:

EPA’s Solidification/Stabilization Resource Guide (EPA/ 542-
B-99-002) contains summaries of information from 125
references, including technical, guidance and policy
documents, and provides an easy-to-use matrix that
cross-references resources by technology type, medium,
and contaminant to help readers easily locate resources
that meet their specific needs.

EPA’s Treatment Technologies for Site Cleanup:  Annual Status
Report (ninth edition) includes information about Superfund remedial action sites at which S/S projects are being
or have been implemented.

EPA’s REACH IT system, <www.epareachit.org>, provides detailed data, in a searchable system, about specific
applications of S/S at Superfund sites, as well as a wide range of information about technologies, technology
vendors, and other technology applications.

EPA’s Updating Remedy Decisions at Select Superfund Sites Summary Report, FY 1996 and FY 1997 contains
additional information about remedy changes that affected S/S projects.

The Federal Remediation Technology Roundtable (FRTR) site includes case studies of S/S applications, available at
<www.frtr.gov/cost>.
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Appendix A
List of Superfund Remedial Sites Using Solidification/Stabilization
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