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| EXECUTIVE SUMMARY I

The U.S. Environmental Protection Agency (EPA), Office of Radiation and Indoor
Air, Radiation Protection Division’s Center for Remediation Technology and Tools, produced
this Technology Screening Guide for Radioactively Contaminated Sites (Guide) to help
identify and screen technologies that may effectively treat radioactively contaminated sites.
The Guide is designed to give easy access to critical information on applied technologies that
address radioactive contamination in solid and liquid media. The solid media includes soils,
sediment, sludge, and solid waste, but does not include buildings and structures. The liquid
media include groundwater, surface water, and waste water. Thisinformation is presented in
technology profiles that can be used to screen and compare technologies for site-specific
application.

The profilesinclude 17 applied technologies (technologies in use at contaminated
sites) viable for response actions at such sites. There are 12 technol ogies associated with
contaminated solid media and are grouped into five categories. containment,
solidification/stabilization, chemical separation, physical separation, and vitrification. There
are 5 technologies associated with contaminated liquid media and are grouped into two
categories. chemical separation and physical separation.

This Guide builds on significant efforts by EPA, the Department of Energy, the
Department of Defense, and other agencies to facilitate remedy selection. This Guide also
updates information on each technology’ s operating and performance data. This Guide has
been distributed as a draft document to a large and diverse group of peer reviewers, whose
comments have been addressed in this final version of the Guide.

Profiles for each technology include a basic description, contaminants addressed,
technology operating characteristics, and site characteristics that affect performance. Each
profile describes how the technology has performed against the following seven of the nine
National Contingency Plan (NCP) evaluation criteria:

* protection of human health and the environment;

» compliance with applicable or relevant and appropriate requirements
(ARARS);

* long-term effectiveness,

* reduction of toxicity, mobility, or volume through treatment;

» short-term effectiveness;

* implementability; and

* cCost.

Xiii



The state and community acceptance NCP criteria are not addressed in the profiles
because the assessments of the remedial technologies against these criteria usually are site-
specific. Finaly, the profiles summarize the key information for each technology.

Section | introduces the Guide and provides background information on general
characteristics of radioactive waste at NPL sites. Section Il provides profiles for technologies
applicable to solid media while section 111 presents profiles for technologies applicable to
liguid media. A quick reference to radiation concepts and glossary of termsis provided in
Appendix A. The Bibliography in Appendix B cites general references and categorizes
references by technologies. Exhibit ES-1, provides a summary of the information in this
Guide, concerning the technologies that have been demonstrated to be applicable to the most
commonly found radionuclides at Superfund sites, in three broad classes of media.

Xiv



SECTION |
INTRODUCTION

1.1 PURPOSE

This Guide is designed to help site managers identify and screen technologies that are
potentially effective in cleaning up radioactively contaminated sites. EPA recognizes that site
managers fulfill numerous technical, management, and regulatory responsibilities, all driven
by the goal of making expedient yet careful decisions about site response actions. While
these responsibilities are met at all Superfund and RCRA Corrective Action sites, they are
particularly challenging when site managers must deal with the complexity of radioactive
contamination.

To make appropriate site response action decisions, site managers must have the
pertinent technical information to help guide them. This document is a reference that can be
consulted for critical information on radioactive contamination cleanup technologies to screen
applications at their site. This Guide updates information from previous EPA publications on
applied technologies for solid and liquid media contamination. Each technology profileis
presented in two parts. The first part provides process descriptions, operating principles, and
other features in a consistent presentation format for each technology. The second part
provides an evaluation of this data against the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP) evaluation criteria.

The Guide has been written for site managers who have had some Superfund or RCRA
experience, although not necessarily with radioactive contamination. In planning and
implementing response actions, this document can be used in the Remedial Investigation/
Feasibility Study (RI/FS) Proposed Plan, or Corrective Measures Study (CMS) processes. In

INational Oil and Hazardous Substance Pollution Contingency Plan, 40 CFR Part 300, March 8, 1990, contains the implementing
regulations for CERCLA, including the methodology for assessing the range of remedial technologies.



addition, Superfund and RCRA program administrators, EPA site manager counterpartsin
federal facilities, site managers outside of EPA, EPA Regional Radiation Program staff and
technology vendors can use the Guide to evaluate technology options.

1.2 BACKGROUND

Since the passage of CERCLA in 1980, significant efforts have been made to study,
develop, and use technologies that can address radioactive contamination. Diverse initiatives
have attempted to pinpoint the safest, most thorough, efficient, and cost-effective ways to
respond to this type of hazard. The American Nuclear Society, the Commission of the
European Communities, and the International Atomic Energy Agency, for example, have
examined remediation and waste management options for low-level and high-level
radioactive waste in the United States and abroad.? In addition, the Department of Energy
(DOE) has played amajor role in researching potential applications for innovative
technologies at Federal Facility Superfund sites.®> The Department of Defense (DOD) has
also helped refine the search for applicable technologiesin its work on nonradioactive waste.*

EPA had previously compiled information on cleanup technologies for radioactive
waste in two documents described below.

» Technological Approaches to the Cleanup of Radiologically Contaminated
Superfund Sites(1988) discusses remediation technologies for soils
contaminated by radioactivity. It identifiesthe full range of technologies
potentially useful in reducing radioactivity levels at hazardous waste sites,
describing the technology, its development status, potential application,
advantages and disadvantages, and associated information needs.

» Assessment of Technologies for the Remediation of Radioactively
Contaminated Superfund Siteg1990) rated technologies by examining 29
technologies for cleaning up soil, water, and structures. It also identified
information gaps related to assessing the technologies.

Despite EPA and other agencies’ efforts, information on radioactive cleanup
technologies is scattered; site managers under pressure to make decisions must often sift

25 ppendix B, the Bibliography, presents multiple listings of conference proceedings from these organizations.

SReaders can consult DOE findi ngs on technology innovations in several sources noted in the bibliography or specific technology profilesin
this document. Technical information isavailable in two key resources. The DOE Environmental Restoration and Waste Management (EM),
Office of Technology Development’s annualTechnology Catal ogueprovides descriptions of the technology and its technical performance,
projected performance, waste applicability, status, regulatory considerations, potential commercial applications, baseline technology, and
intellectual property rights of site characterization and monitoring, site remediation, and waste management technologies. In addition, the 1993
Oak Ridge National Laboratory (ORNL)Technology Logic Diagram, Volume 3 Technology Evaluation Data Sheetsites the following key
information on 127 Remedial Action technologies: the ORNL problem to be addressed, problem area/constituents, reference requirements, sub-
elements, technology, status, science/technology needs, and implementation needs.

“DOD Environmental Technology Transfer Committee, EPA, Dept. of Interior and Dept. Of Energy cooperatively prepared in 1994 the
Remediation Technologies Screening Matrix and Reference Guideavhich helps site managers narrow the field of remediation alternativesin the
remedy selection process.



through volumes of information, a time-consuming process. Recognizing the ongoing
challenge of integrating vast quantities and levels of information into one resource, this
document:

* Buildsupon EPA’s earlier efforts;

» Capitalizes on the work of other researchers; and

» Attempts to bridge the body of technology data and the remedy selection
process.

This Guide focuses on technologies that address radioactive waste and are effective for
soil and liquid media at radioactively contaminated sites. The solid media includes soils,
sediment, sludge, and solid waste; it does not include buildings and structures. The liquid
media include groundwater, surface water, and waste water. It does not address radon in air
or the decontamination of structures. Sufficient information is provided to screen these
technologies for a possible match to the specific site of interest to the user.

To develop this document, a survey of EPA and DOE databases such asVISITT and
ER 95 was performed, and documents were reviewed that describe or assess technology
applications to radioactively contaminated waste. Thisinformation was drawn from
government publications and journal articles and formed the basis for the technology
characterizations presented in subsequent sections. Also reviewed were CERCLA Records of
Decision (RODs) for NPL sites contaminated with radioactive waste. The RODs provided
some additional insight into the remedy selection process at Superfund sites with radioactive
contamination. They also provided a set of technologies that have been considered or
selected for actual cleanup situations using the process required by CERCLA and the NCP.

Finally, this Guide was distributed nationally for peer review and comment.
Additional technical research was conducted to address these comments and to update the
information with other relevant data sources.



1.3 GENERAL INFORMATION RELATED TO RADIOACTIVELY
CONTAMINATED SITES

1.3.1 Typesof Sites

Of the radioactively contaminated sites identified, nine general types of sites have
been established. These are:®

» defense plants

* mill tailings, processing, and disposal sites
e radium and thorium sites

* commercia landfills

* low-level waste disposal sites

* research facilities

* commercial manufacturing

» fuel fabrication and processing

» scrap metal recovery.

1.3.2 Characteristics of Radioactively Contaminated NPL Sites

Experience with Superfund sites demonstrates that waste at radioactively contaminated
sites are primarily by-products of four main processes or activities. research, design, or
development of nuclear weapons; radioactive waste disposal; mining/processing of
radioactive ores; and some forms of manufacturing. As shown in Exhibit 1-1, uranium
represents the most prevalent element with respect to radioactively contaminated NPL sites,
followed by radium, radon, and thorium.

SUSEPA (1993), Environmental Characteristics of EPA, NRC, and DOE Sites Contaminated with Radioactive Sutstanced).S. EPA,
Air and Radiation, EPA 402-R-93-011, March 1993.
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Exhibit 1-1: Isotope Distribution at Radioactively Contaminated NPL Sites*

*Source: US EPA (1993), Environmental Pathway Models - Groundwater Modeling in Support of Remedial Decision-
Making at Sites Contaminated with Radioactive Materials EPA 402-R-93-009.

EPA's 1990 study of some radioactively contaminated NPL sites found that most sites
were characterized by “soils contaminated with Radium, Thorium, and/or Uranium” (92%) or
“water contaminated with Radium, Thorium, and/or Uranium” (80%). Exhibit 1-2 illustrates
how the sites in the 1990 study were dispersed with respect to contaminants present and

media affected.

|CONTAMINANT |SOI LS

WATER STRUCTURES
Radium/Thorium/Uranium 23 20 8
Other Radionuclides 6 5 2
Mixed Waste 11 12 3

*Source: Assessment of Technologies for the Remediation of Radioactively Contaminated Superfund

Sites, EPA (1990).



Exhibit 1-3 provides more specific information about the media impacted and
radionuclides detected at the sites.

Exhibit 1-3: NPL Sites and Radionuclides Detected*

SUPERFUND SITE | MEDIA IMPACTED |RADIONUCLIDESPRESENT

Austin Avenue Radiation Site

Soil, Debris

Ra-226, Th-230, U-238

Agrico Chemical Co.

Groundwater

U-238, Ra-226, Ra-228, gross alpha,
gross beta

Denver Radium Site

Soil, Debris, Groundwater,
Air

Ra (Soil); U-234, U-238, Th-230, Ra-
226, Rn-222 present

Feed Materials Production Debris U-238, U-234, U-235, U-238, Th-230,

Center (DOE) Th-232, Th-228, Ra-226, Ra-228, Cs-
137

Glen Ridge Radium Site Soil Rn-222 (Gas); Ra-226, U-234, Th (Soail)

Hanford 100-Area (DOE)

Solid and Liquid Waste,
Groundwater, Surface Water

U, Pu-238, Pu-239, Pu-240, Cs-137, Sr-
90, Co-60, Ni-63, Eu-152, Eu-154, Eu-
155, Tritium

Hanford 200-Area (DOE) Solid and Liquid Waste, U, Pu-239, Pu-240, Cs-137, Sr-90, Co-
Groundwater, Surface Water 60, 1-129, Tritium
Hanford 300-Area (DOE) Solid and Liquid Waste, U, Pu-238, Pu-239, Pu-240, Cs-137, Sr-

Groundwater, Surface Water

90, Co-60, Pr-147

Homestake Mining Company

Soil, Tailings, Groundwater,
Air

Rn-222 (Air); Ra (Tailings); U (GW)

Idaho National Engineering
Lab (DOE)

Sediment, Soil, Solid Waste

Cs-137, Co-60, Strontium, Plutonium,
Uranium, Th-230, Americium

Kerr-McGee (Kress Creek)

Sediment, Soil, Tailings

Thorium

Kerr-McGee (Reed Keppler)

Groundwater, Soil, Air

Th-232, Ra-226 (GW); Th-232 (Soil)

Kerr-McGee (Residential)

Soil, Tailings

Th-232

Kerr-McGee (Sewage
Treatment Plant )

Soil, Groundwater

Th-232 (Soil), Th-232, Th-230, Ra-226
(GW)

Lansdowne Radiation Site

Soil, Sewer Lines, Building
Materials

Ra-226, Th-230, Ac-227 (Soil); Rn-222,
Rn-220, Ra-226, Th-230, Ac-227, Pa-
231(Sewer, Bldg.)

Lincoln Park

Groundwater

Ra-226, U-234, U-238

Lodi Municipal Well

Groundwater

U-238

Maxey Flats Nuclear Disposal

Soil, Groundwater, Surface
Water, Sediment, Air

Ra, U, Th, H-3, Cs-137, Co-60 (Soail);
Ra-226, U, H-3, Sr-90, Pu-239 (GW);
Ra-226, H-3 (SW); Ra-226, Sr-90, Pu-
239, Cs-137, H-3 (Sediment); H-3 (Air)

Maywood Chemical Co.

Groundwater, Soil, Sediment

Rn-222 (GW); Th-232, Ra-226, U-238
(Soil); Th-232, Ra-226, U-238
(Sediment)




Exhibit 1-3: NPL Sites and Radionuclides Detected* (Cont.)

SUPERFUND SITE | MEDIA IMPACTED | RADIONUCLIDES PRESENT

Montclair Radium Site

Ra, Th, U (Soil); Rn-222 (Gas)

Monticello Radioactivity
Contaminated Properties

Talllngs

U-238, U-236, Ra-226, Th-230, Rn-222,
Ra-226

Oak Ridge Reservation (Lower

Watts Bar Reservoir) (DOE)

Solid Waste, Groundwater,
Sludge, Soil

Cs-137, Co-60, Sr-90, Ra-226, Cm-244,
Th-230, Th-232, Pu-238, Pu-239, U-234,
U-235, U-238

Paducah Gaseous Diffusion
Plant (DOE)

Liquid waste, Groundwater

Tc-99, Np-237, Th-230, U-234, U-235,
U-238

Radioactive Waste
Management Complex

Debris

Pu-238, Pu-239, Pu-240, Pu-241, Pu-
242, Americium, Th-232, U-234, U-235,
K-40

Rocky Flats Plant (DOE)

Soil, Sediment, Wastewater
Impoundments

Pu, Tritium

Savannah River Site (DOE)

Soil, Sludge, Groundwater

Radium, Chromium

Schpack Landfill Soil and Groundwater Ra-226, U-238, U-234 (Soil); Rn-222
(GW); K-40, Th-228, Th-230 present
Teledyne Wah Chang Sludge, Groundwater Ra-226, Th, U (Sludge); Ra-228 (GW)

U.S. Radium Corporation

Soil

Ra-226, U-238

United Nuclear Corporation

Groundwater, Surface Water,

Tailings

Ra-226, Ra-228, Th-230 (GW); Ra-226,
Ra-228, Th-230, Th-277(SW); U-238,
Th-230, Ra-226, Rn-222 (Tailings)

Uravan Uranium

Groundwater, Air, Tailings,
Surface Water

Rn-222, U-234, U-238, Th-230, Ra-226

W.R. Grace & Co. Inc. (DOE)

Soil, Groundwater, Surface
Water, Sediment

Th-232, Ra-226, Ra-228 (Soil, GW, SW,
Sediment); Ra-222, Ra-220

Weldon Spring Quarry (DOE)

Soil, Groundwater, Air,
Sediment (Raffinate Pits)

Ra, U, Th (Sail); U (GW, SW); Rn
(Air); Ra-226, Ra-228, U-238, U-234,
U-235, Th-230, Th-232 (Sediment)

*Source: Assessment of Technologies for the Remediation of Radioactively Contaminated Superfund Sites,EPA (1990)
and EPA Records of Decision, Office of Emergency and Remedial Response, through Fiscal Y ear 1995.




1.3.3 General Remedial Response Actions

The special characteristics represented by radioactivity in awaste stream constrain the
response options available to site managers. Thisis because unlike nonradioactive hazardous
waste, which contain chemicals alterable by physical, chemical, or biological processes that
can reduce or destroy the hazard itself, radioactive waste cannot be similarly altered or
destroyed. (For an explanation of the nature and source of radioactive material, refer to
Appendix A.)

Since destruction of radioactivity is not an option, response actions at radioactively
contaminated sites the concepts of “Time, Distance and Shielding” are the concepts used in
radiation protection. Time allows the natural decay of the radionuclide to take place, resulting
in reduction in risk to human health and the environment. Distance and shielding from the
radioactive material rapidly reduces the risk from all forms of radiation by reduction of the
intensity of the imparted energy. Therefore all remediation solutions involve either removing
and disposing of radioactive waste, or immobilizing and isolating radioactive material to
protect human health and the environment. Radioactive material can be extracted from soil
and water and converted to aform for disposal at an approved location. Alternatively,
radioactively contaminated soil can be immobilized, preventing the radioactive components
from migrating from the site and causing harm. Associated with immobilization are measures
to isolate (shield) radioactive material while it decays to site specific levels, thus ensuring that
people are protected from direct exposure to the radiation by inhalation, ingestion or contact.

The selection of response actions is influenced by such considerations as site
characteristics (soil properties, hydrogeology, etc.), the half-life and radiations of the
radioactive material(s) (Alpha, Beta or Gamma), proximity of the waste to populations,
available resources, handling and level of personal protective equipment, and treatment costs.
As part of the selection process, disposal of extracted and concentrated radioactive material
should be considered. Disposal requirements and options for transporting such waste
materials to licensed facilities® vary, depending on the nature of the contaminant and the
containment technology used.

This Guide presumes that a succession of remedial measures, commonly referred to as
a“treatment train,” would be employed at most sites to respond to various types of site
contamination. Treatment trains can reduce the volume of materials that need further
treatment and/or remediate multiple contaminants within asingle medium. A treatment train,
for example, might include soil washing, followed by solidification and stabilization
measures, and land encapsulation.

®Commercia sites licensed to receive low-level radioactive waste exist at Barnwell, SC; Hanford, WA ; and Beatty, NV. Actions are currently
underway to move the repository operations at Barnwell, SC, to asite in North Carolina.



14 TECHNICAL APPROACH USED

1.4.1 Technologies Presented

To provide a concise guide to a variety of treatment alternatives that may be viable for
response actions at specific sites, 17 applied technologies have been selected for evaluation in
this Guide. These technologies address contamination of solid and liquid media. These were
selected for two reasons. 1) the technology had been considered and/or selected at a
Superfund site with radioactive contamination, or 2) there was sufficient data available from
field scale testing and other research that demonstrated the technology’ s potential application
to an actual cleanup of radioactive contamination. Many more technologies were reviewed
but not presented due to insufficient data and/or unreliable sources of data. The technologies
in this Guide are:

* Solid Media:
- Capping
- Land Encapsulation
- Cryogenic Barrier
- Vertical Barriers
- Cement Solidification/Stabilization
- Chemica Solidification/Stabilization
- Solvent/Chemical Extraction
- Dry Soil Separation
- Soil Washing
- Flotation
- In-situ Vitrification
- Ex-situ Vitrification.

* Liquid Media:
- lon Exchange
- Chemical Precipitation
- Membrane Filtration
- Carbon Adsorption
- Aeration.

The determining factor in selecting the technologies presented here is their
applicability to radioactive waste, although they also apply to nonradioactive hazardous
waste. For example, incineration technologies that treat volatile and semivolatile organic
compounds, but which do not affect radioactively contaminated media, are excluded. This
Guide also excludes technologies to specifically remediate radon contamination in air or
contaminated structures. Finally, this Guide addresses waste disposal options only to the
extent of identifying technologies for sites that contain radioactively contaminated media. For
more complete information for supporting site-specific decisions, the bibliography cites
references for readers who wish to explore the technology in greater detail.




1.4.2 Approach 1o Evaluating Technologies

Profiles of selected technologies are designed to provide pertinent information in a
consistent format. Because numerous information sources are available on these
technologies, only key data concerning technology and site characteristics are included. Data
categories are based on the information useful in evaluating NCP criteria. Each technology
profile addresses the relevant information under three main sections. 1) Technology
Characterization, 2) NCP Criteria Evaluation, and 3) Summary. The following is adetailed
discussion about how profiles are organized and what information they include.

1) Technology Characterization

The technology characterization summarizes current information about the technology
asit has been tested or applied.

» Description: This Section describes basic principles and methodol ogies of
each technology. Descriptions focus on the features relevant to making
criteria evaluations and comparisons with other technologies. Profiles
describe the overall effects of the technology on the contaminated materials
rather than operating procedures, process outcomes, and reagents.

» Target Contaminant Groups: This segment of the profile lists individual
contaminants or contaminant groups addressed by the technology.

» Technology Operating Characteristics: This segment discusses various
aspects of operating the technology for example, removal efficiencies,
generation of residuals, process times, or high energy demands. The
operating characteristics may influence site managers’ decisions about
selecting an appropriate treatment technology.

» Site Conditions: This discussion addresses important site conditions that
may affect the technology’ s viability or implementation at a particular site,
including for example, topography, depth to groundwater, and soil types.

2) NCP Criteria Evaluation

This Section evaluates the technology’ s performance according to the NCP criteria
established for Superfund sites. Two of the criteria, community acceptance and state
acceptance, are not presented in the profiles, since site managers must evaluate these on a site-
specific basis. Exhibit 1-4 briefly explains the seven remaining evaluation criteria, in relation to
aresponse action.
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Protection of human health and the environment

How the response action will...

 through treatment, engineering, controls and/or institutional controls,* provide adequate protection of
human health and the environment by eliminating, reducing, or controlling significant risks posed
through each site-specific pathway

» reduce risk exposure levels to protective ARAR levels or to within the EPA-acceptable risk range for
carcinogenic risk or below the Hazard Index of 1 for noncarcinogenic risks

* not pose unacceptable short-term risks or cross-media risks.

* Note: Institutional controls alone may not be sufficient response actions for radioactively
contaminated sites.

Compliance with Applicable or Relevant and Appropriate Requirements (ARARS)

»  Whether and how the response action will comply with all federal ARARs and any more stringent state
ARARSs, or if/lhow the response justified an ARAR waiver.

 If no requirements are applicable, then site decision-makers must consider relevant and appropriate
reguirements.

Long-term effectiveness and permanence

» How the response action will maintain reliable protection of human health and the environment over
time, once cleanup levels have been met.

Reduction of toxicity, mobility, or volume through treatment

How the treatment will...

» address the principal threats at the site, reducing the hazards posed by those threats

» destroy, reduce the quantity of, or immobilize contaminants so that they do not leave the site via
exposure pathways

» affect toxicity, mobility, or volume reduction with respect to residuals, the risks posed by residuals, and
effects of treatment reversibility.

Short-term effectiveness
» Time elapsed until the response action effectively protects human health and the environment.

» Prior to attaining cleanup levels, whether any adverse impacts may occur
» How/whether the response action will adversely affect the community and workers and impact the
environment during operations.

I mplementability

» Ease of construction and operation of the response action and availability of services and materials
required to perform the proposed remedial action

» Ability to satisfy permitting or administrative requirements for the technology and monitor its
effectiveness, and the availability of necessary equipment, utilities, and operation specialists

» Response action's fit with site-specific characteristics

» Technical considerations, such as treatment reliability and the possible effect on future remedial action.

11




Cost

» Estimated present worth, capital, and operation and maintenance costs.

NOTE: Costs are typically driven by the cost of purchasing/leasing and operating treatment equipment; the volume
of waste requiring treatment; and costs associated with waste transport, residual s storage and/or disposal. In
addition, for radioactively contaminated sites, costs of remediation could include cost of shielding and protective
equipment from external exposure to remediation workers. Specific cost data are not available for all technologies
and those stated in this Guide should be considered broad estimates.

3) Summary

This Section summarizes the essential information presented in each profile. A matrix
presents a composite view of pertinent performance or site characteristics and how they relate
to the evaluation criteria.

Profiles are designed to enable cross-comparisons with other profiles to screen
technologies for further consideration. To make the final selection from the screened
technology(ies), many site-specific factors, such as hydrogeology and soil porosity, and
factors related to the implementation of each technology, such as materials handling, must be
considered.

1.4.3 Summary of Technologies Selected

A table summarizing each of the technologiesis presented in Exhibit 1-5. Thistable
describes which media are addressed by the technology and the radioactive contaminants for
which the technology is applicable or demonstrated. 1n addition, the Table includes special
considerations that may affect whether atechnology is appropriate for a specific site and
general results and/or limitations on how well the technology has performed.

12



Exhibit 1-5: Summary of Solid and Liquid M edia Technologies

TECHNOLOGY CONTAMINANT MEDIUM CONSIDERATIONS

Containment

Capping Applicablefor al classes | Soils, minetailings, | ¢ Inappropriate where water
(In-situ process) of radioactive waste sediments, bulk tableis high
waste » Maintenance requires

ensuring against
development, surface
erosion, vegetative growth,
and wildlife activity in cap
area

» Reduces vertical but not
horizontal mobility

» Does not remove or
remediate contaminated

media
Land Encapsulation Applicable for low-level, Soil, sediment, * Stringent siting and
(Ex-situ process) mixed and commercial bulk waste construction reguirements
radioactive wastes  Transportation risks exist for

offsite facilities
» Does not remediate
contaminated media

Cryogenic Barrier Applicable to all classes Soils, sediment, » Optimal soil moisture must
(In-situ process) of radioactive waste bulk waste, be maintained
groundwater * Refrigeration unit must

continue to operate

» Remote sites may require
electrical power and utility
installation

* Heat from high-level
radioactive waste may
increase electrical power
needs and maintenance costs

» Does not remove or
remediate contaminated
media

13



Exhibit 1-5: Summary of Solid and Liquid M edia Technologies (Cont.)

TECHNOLOGY CONTAMINANT MEDIUM CONSIDERATIONS

*

Solidification/Stabilization

Cement Solidification/ | Applicableto all classes Soils, buried waste » The chemical form or the
Stabilization of radioactive waste presence of other

(In-situ or ex-situ contaminants may inhibit
process) cementation

 Best suited to highly
porous, coarse-grained
low-level radioactive
waste in impermeable
matrices

» Not suitable if masses are
thin, discontinuous, and
at or near the surface

» Debris may interfere with
solidification process

» Does not remediate
contaminated media

Chemical Applicable to all classes Soils, sediments, * Better suited to fine-
Stabilization/ of radioactive waste sludges grained soil with small
Solidification pores

(In-situ or ex-situ * Presence of some
process) contaminants may inhibit

chemical effectiveness
» Does not remediate
contaminated media

14



Exhibit 1-5: Summary of Solid and Liquid M edia Technologies (Cont.)
CONSIDERATIONS

TECHNOLOGY CONTAMINANT MEDIUM

Chemical Separation

Solvent/Chemical
Extraction
(Ex-situ process)

Demonstrated on various
radionuclides
including radium,
thorim, and uranium.
Also, radioisotopes of
cobalt, iron,
chromium, uranium,
and plutonium.

Soils, sediment,
sludge

Ex-situ processes that
reguire disposal of
separated waste and some
residuals in medium
Multiple reagents may be
used for mixed
contaminants; careful
treatability studies
required

Radioactive contaminant
removal ranges from 13%
to 100% depending on
the contaminant, solvent
type, and conditions

Not practical for soil with
more than 6.7% organic
material

lon Exchange
(Ex-situ process)

Demonstrated for
radium, uranium and
strontium

Groundwater,
surface water,
wastewater,
liquid waste

Most effective when the
waste stream isin ionic
form

The presence of more
than one radioactive
contaminant may require
more than one treatment
process

Pretreatment may be
necessary for removing
solids, modifying pH, or
removing competing ions
Reported removal rates
for radium and uranium
are 65 to 97% and 65 to
99%, respectively
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TECHNOLOGY

CONTAMINANT

Dry Soail
Separation

Demonstrated for
thorium, uranium, Pu-
239, Am-241, Ra-222,
Cs-137 and Co-60

Soil, sludge,
crushed asphalt
or concrete

MEDIUM CONSIDERATIONS
*
Chemica Demonstrated for Groundwater, * Most effective with
Precipitation uranium surface water, optimum pH levels
wastewater, within arelatively narrow
liquid waste range

* Study demonstrated
removal of 80 to 95%
uranium from pond
water, depending on pH,
reagent, and reagent
dosage

Physical Separation

 Soil must first be
excavated, therefore
poses a health and safety
risk to workers and the
local community

* Soil residuals will
reguires further treatment
and/or disposal

* The volume of
contaminated soils can be
reduced by >90%

Soil Washing

(Ex-situ process)

Demonstrated for
thorium, uranium,
cesium, radium, and
plutonium

Soil, slurry

» Appropriate where
radioactive contaminants
are closely associated
with fine soil particles
(size between 0.25 and 2
mm)

* Soil character, moisture
content, particle size
distribution, contaminant
concentrations and
solubilities affect
efficiency/operability of
soil washer

* Process may not work for
humus soil

» Technology is not yet
fully demonstrated for
radioactive contamination
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TECHNOLOGY

CONTAMINANT

MEDIUM

CONSIDERATIONS

Flotation
(Ex-situ process)

Demonstrated for
uranium and
plutonium

Soil, sediment

» Effectiveness varies with
soil characteristics

* Most effective at
separating soil particles
in the size range of 0.1 to
0.01mm

» Has not been fully
demonstrated for
radioactive contamination

 Testing showed reduced
radium concentrationsin
uranium mill tailings
from 290 -300 pCi/g to
50-60 pCi/g

Microfiltration

Demonstrated for
uranium, americium,
and plutonium

Groundwater,
surface water,
dlurry,
wastewater

* Best suited for separating
very fine particles (0.1 to
0.001 microns) from
liquid media

* Removal efficiencies
were greater than 99%
for uranium, plutonium,
americium

Reverse Osmosis

Demonstrated for
uranium

Groundwater,
surface water,
dlurry,
wastewater

 Affected by the size and
charge of the ion being
treated

* Aqueous waste stream
must be treated or
disposed of

» Reduced uranium
concentrationsin
groundwater by 99%

Carbon Adsorption

Demonstrated for
uranium, Co-60, and
Ru-106

Groundwater,
surface water,
dlurry,
wastewater

* Presence of iron may
promote fouling of
carbon

 Effectivein reducing
groundwater uranium
concentrations from 26-
100 ug/l to <1 ug/l

17




TECHNOLOGY

In-Situ
Vitrification

Demonstrated for
most radioactive
waste

Soil, sludge,
sediment, mine
tailings

CONTAMINANT MEDIUM CONSIDERATIONS
*
Aeration Demonstrated for Groundwater, » Primarily used in radon
radon surface water, removal
slurry, « Radon removal efficiency
wastewater

ranged from 90% to
99.6% in water

Vitrification

» High moisture/salt
content in soil can
increase electrical
needs/cost

* Plan for void
volumes/percentages of
metals, rubble,
combustible organics

» Requires off-gas control
systems

 Volatile radionuclides
trapped during the
process require further
treatment and/or disposal

» Does not affect
radioactivity

Ex-Situ
Vitrification

Demonstrated for
most radioactive
waste including low-
level and transuranic
wastes

Soils, debris,
sediment, buried
waste, metals

* Fixed and rotating hearth
applications are available

* Requires off-gas control
systems

 Volatile radionuclides
trapped during the
process require further
treatment and/or disposal

» Has not been fully
demonstrated

 Costs are considered high

» Does not affect
radioactivity

* These considerations are general in nature; please refer to profiles for a complete discussion of each technology

18




15 ORGANIZATION AND USE OF THISGUIDE
The remainder of this Guide contains the following components:

Section Il provides treatment technologies for solid media grouped under five
categories:

» Containment - technologies that provide barriers between contaminated
and uncontaminated media to prevent contaminant migration and shield
potential receptors from radiation

» Solidification/Stabilization - technologies that add material to the
contaminated waste and soil to produce a leach-resistant media, which
binds the waste

» Chemical Separation - technologies that use the contaminants’ chemical
properties to separate contaminants from the contaminated media

* Physical Separation - technologies that rely on the contaminants’ physical
properties to separate contaminants from the contaminated media.

» Vitrification - atechnology that heats contaminated media sufficiently to
liquefy the media and its contaminants and, upon cooling, traps the
contaminants in a glass matrix.

Exhibit 1-6 highlights the five types of solid media technologies discussed.
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Contaminated
Media

Containment

Solidification/
Stabilization

Hopper with
Even Feeder

Dry
Reagent
silo

Homogenizer
Soil Contaminated

with Radioactive
Waste

+ Auger

Liquid

e

Dry Reagent
Reagent Pug Mill eeaer
Storage
I Solidified Product
Containing
Radioactive Materials
Off-Gases to
oif-Ga Electrodes Treatment
Collection
Hood

Vitrification surface
- @& -
with Nuclides
. e T e
Chemical
Se par ation Recycled Solvents
Physical
Separation

Media

Material

- Disposal

In Place

Material
Disposal In
Place, On-Site,
Or Off-site

Material
Disposal In
Place, Or
Off-site After
Processing

Waste Material

g TO Licensed

Facility

Waste Material
To Licensed
Facility

Exhibit 1-6: Solid M edia Technology Categories
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Section I11 which describes five treatment technologies for contaminated liquid media,
grouped under chemical and physical separation categories:

Chemical Separ ation - technologies that use chemical reagents or
exchange mechanisms to bind up or immobilize radionuclides based on
their chemical properties.

Physical Separ ation - technologies that rely on physical properties such as
size or volatility to separate and immobilize radionuclides.

Following sections I and 111 are the Appendices, containing a discussion of
radioactivity concepts, glossary of terms, and a bibliography of general references for those
readers who wish to research the technologies further.

Exhibit 1-7 suggests how the profiles in this Guide can be used to identify potential
treatment technologies for their sites.

Exhibit 1-7: Using the Technology Profiles

To locate information in the profiles, take the following steps...
*  Note which contaminants and media the technology addresses.

* Note any distinctive operating or site characteristics that influence the technology’s
effectiveness; consider whether these circumstances permit or rule out this technology.
Note special factors to be considered, for example, cost, safety of nearby populations, or
topography, if they significantly influence the choice of appropriate technologies.

» ldentify all relevant technologies using the first two steps.
»  Assess how those technologies have performed according to the NCP criteria.

» ldentify technologies to evaluate further. Consult your Regional Decision Team and
additional resources identified in the Technology Profiles.

Y ou are encouraged to provide feedback for future updates to this guide in the form of
comments, suggestions and new sources of information to the address on page v.
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SECTION I1

SOLID MEDIA TECHNOLOGY PROFILES
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CONTAINMENT TECHNOLOGIES

| CONTAINMENT TECHNOLOGIES I

Containment technologies are designed to isolate contaminated materials in order to
prevent exposure to humans and the environment. Often, volume reduction or other treatment
technologies are applied to radioactive waste prior to containment. Regardless of the
technologies applied, however, there is generally a portion of the radioactive material that
requires long-term disposal. Exceptions include radionuclides with relatively short half-lives
(e.g. Cobalt-60), in which case containment for shorter periods of time may be appropriate.
Because most radionuclides require long-term disposal, remedies for radioactively
contaminated sites usually employ containment technologies. Some containment
technologies are designed to prevent horizontal contaminant migration, some to prevent
vertical migration, and others to prevent any form of migration. To achieve the necessary
level of isolation, different containment technologies are often used in conjunction with one
another.

The following containment technol ogies used to isolate radioactive waste are
discussed in this section: capping (containment in place); land encapsulation (excavation and
disposal, on-site or off-site); cryogenic barriers (containment in place); vertical barriers
(containment in place).

25






CAPPING

| 2.1 CAPPING I

2.1.1 Technology Characterization

Description

Capping is a containment technology that forms a barrier between the
contaminated media and the surface, thereby shielding humans and the environment
from radiation effects. Capping radioactive waste involves covering the contaminated
media with a cap sufficiently thick and impermeable to minimize the migration of
waste to the surface and to control windblown contamination. A cap must also restrict
surface water infiltration into the contaminated subsurface to reduce the potential for
contaminants to leach from the site. Capping does not prevent horizontal migration of
contaminants due to groundwater flow, however, it can be used in conjunction with
vertical wallsto produce an essentially complete structure surrounding the waste
mass.” A cap can be placed over alarge, discrete contaminated area or it can be a
continuous cover over several smaller contaminated areas close together. A cap must
extend afew feet beyond the perimeter of the contaminated area to prevent lateral
infiltration of rain.

Caps can be made of avariety of materials, each of which provides a different
degree of protection. Capping materials include synthetic membrane liners such as
geomembranes (e.g. high density polyethylene, HDPE), asphalt, cement, and natural
low-permeability soils such asclay. A cap isusualy acombination of materials
layered one on top of the other. A typical cap for containing radioactive media might
consist of several feet of compacted filler, ageomembrane, alayer of compacted clay,
another geomembrane, and several feet of top soil (see Exhibit 2-1). A layer of ground
cover vegetation may be applied to the surface of the cap to reduce soil erosion and
limit the potential for precipitation to permeate the cap.

Caps for radium-contaminated sites must be designed to confine gaseous radon
until it has essentially decayed. If synthetic membrane liners are not used, the depth of
cover required is about 150 cm for radon-222 and 5 cm for radon-220. In addition,
approximately 60 cm of soil cover is required for gamma radiation shielding.? Long-

U.S. Environmental Protection Agency, Office of Research and DevelopmentTechnological Approaches to the Cleanup of
Radiologically Contaminated Superfund Sites EPA/540/2-88/002, August 1988.

81 pid.
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CAPPING

term durability of the cap materials should be considered in order to effectively isolate
the radioactive waste. For example, HDPE is susceptible to degradation from sunlight
as well as chemical and biological degradation. However, these degradation
mechanisms are generally eliminated by burial of the membrane in cover systems that
are three meters in depth, thus increasing the longevity of the geomembrane.’

Capping is awell-known technology that is relatively easy to implement.*
Site-specific conditions such as climate need to be considered in determining an
appropriate cap design. Many alternatives are possible, depending on the need for
water control at the site. Software programs are currently being developed for
commercial use to ensure that site managers use the best scientific information on
barrier design and performance to select the best remediation practice within the
constraints of technical performance, regulatory requirements, and cost.™

Membrane

Compacted Fil

Soil Contaminated wit
Clean Soil Radioactive Waste

9
Frobel, R. “Geomembranes in Surface Barriers, Environmental Restoration Conference, 1995.

0ak Ridge National Laboratory,Oak Ridge National Laboratory Technology Logic Diagrams, Volume 2, Part B, Remedial
Action, ORNL/M-2751/V 2/Pt.B, September 1993.

Hys, Department of Energy,Decision Support System Technology Catalog 1994.
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CAPPING

Exhibit 2-1: Capping

Target Contaminant Groups

Capping can be used to contain all types of waste, including radioactive
waste materials found in the soil matrix, debris, and radioactively contaminated

landfills.

Technology Operating Characteristics

Exhibit 2-2 summarizes the operating characteristics of capping.

Exhibit 2-2: Technical Characteristics of Capping

Characteristic

Destruction and Not Applicable

Removal

Efficiencies

(DREs)

Emissions: Potential for fugitive dust and gas emissions during cap
Gaseous and construction. Radon gas collection and treatment systems may
Particulate be required if buildup occurs once the cap isinstalled.

Costs: Capital and
Oo&M

Most costs are capital; O& M costs include monitoring and
maintenance costs. Cost depends on the type of cap required;
typical clay caps are $10 to $15 per square yard, where RCRA
caps with multiple layers are $25 to $30 per square yard.

Reliability

Reliable when properly maintained and not impacted by
development or other disruptive activities at the site.

Process Time

Objectives are met as soon as cap isin place.

Applicable Media

Soil, mill tailings, sediment, drummed waste, boxed waste and
bulk waste

Pretreatment/Site
Requirements

Waste may need to be consolidated before cap construction.

Type and Quantity
of Residuals

Contaminated mediais not processed or removed.

Disposal Needs
and Options

Not Applicable

Post-tr eatment
Conditions

Institutional controls, such as deed, site access, and land use
restrictions, are usually required.

Ability to M onitor
Effectiveness

Radon gas emissions from the subsurface, cap integrity, and
the effects of contamination on groundwater can be monitored.
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CAPPING

Site Consider ations

Site conditions such as fluctuations in air temperature, precipitation, or
subsidence may affect the cap’ s integrity by causing cracking, settling, or erosion.
Biological processes such as intrusion of plant roots and burrowing animals can
also affect the cap’sintegrity. These considerations are particularly important for
containing radioactive waste because of the long-term isolation required. In order
to promote the cap’ s longevity, infiltration barriers should be covered by a soil
layer sufficiently thick to extend below the frost line to accommodate rooting
depths of native plants and to extend below the probable depth of animal
burrows.*

Characterization of soilsisnot as critical for capping asit isfor more
complex remedial approaches that depend on soil conditions (e.g. stabilization). In
dry and porous soils with high radium concentrations, venting may be required to
control radon gas migration and buildup below the ground surface. Such venting
may Violate applicable emission standards unless the radon is collected and
treated.”® The impact that groundwater flow could have on contaminant migration
at the site should be considered. Capping may not be a feasible alternative at sites
with low topography, flooding, or a shallow groundwater table; these conditions
encourage horizontal migration and decrease the cap’s effectiveness.

2.1.2 NCP Criteria Evaluation

Protection of Human Health and the Environment

Capping protects human health by putting a barrier between the radioactive
waste and the surface environment, thus preventing human contact with the
contaminated media. Depending on the environmental receptors at the site,
however, capping may not adequately protect the environment. During cap
installation nearby populations and site workers are at risk of exposure to
contaminants from fugitive dust and gas emissions. To mitigate these risks,
controlling fugitive dust and operating under favorable meteorological conditions
should be practiced. Over the long term, contaminants may migrate via contact
with groundwater, defeating containment objectives.

12
Oak Ridge National Laboratory,Natural, Physical, and Biological Processes Compromise the Long Term Performance of
Compacted Soil Caps Environmental Restoration Conference, 1995.

13.s. Environmental Protection Agency,Background Information Document for Radiation Site Cleanup Proposed Rule, Revised
Draft, August 1995.

30



CAPPING

Compliance with ARARs

At sites with mixed waste, the cap must comply with Resource
Conservation and Recovery Act (RCRA) cap construction guidelines. At DOE
facilities with low-level waste, the cap must comply with the performance criteria
outlined in DOE Order 5820.2A. Compliance with other ARARSs must be
determined on a site-specific basis.

Long-Term Effectiveness

Capping does not remove the source of radioactivity from the area of
concern. It simply impedes direct exposure to contaminants in soil and the release
of contamination by isolating the contaminated media. Capping may be
inadequate as along-term solution due to the potential for weathering, cracking,
subsidence or other deterioration. Monitoring radon gas emissions from the
subsurface, cap integrity, and groundwater is required to ensure the long-term
effectiveness of thistechnology. Over the long term, horizontal migration of
contaminants may occur via contact with groundwater, even if the cap remains
intact.

Reduction of Radiotoxicity, M obility, or Volume

Capping does not reduce the radiotoxicity or volume of the contaminated
media. While capping significantly reduces vertical mobility due to surface water
leaching, it does not restrict horizontal mobility via contact with groundwater.

Short-Term Effectiveness

During cap construction, capping may pose risks to surrounding
communities and site workers by exposing them to the contaminated media and
fugitive dust and gas emissions. If excavation and waste consolidation from other
parts of the site are required, waste transport can increase exposure risk. The cap’s
effectiveness in significantly reducing exposure risks occurs as soon as the cap is
in place.

| mplementability

Capping is a mature, well-known technology that is relatively easy to
implement. Materials and equipment are usually readily available. Since the
treatment is entirely in-situ, no offsite activity is necessary to manage, treat, or
store the contaminated waste. Air temperature, precipitation, topography, other
site-specific conditions, and subsurface conditions may affect implementation. |If
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2.1.3

fugitive dust emissions are a problem during implementation, dust suppression
measures are readily available. Installation of a gas collection and treatment
system may be necessary due to radon and/or methane gas emissions.

Cost

Most costs are capital. O& M costs generally include monitoring and
possible cap repairs. The cost of capping depends on the size and type of the cap
required. A typical clay cap costs approximately $10 to $15 per square yard, while
atypical RCRA cap (more likely to be used for radioactive waste) costs between
$25 to $30 per square yard.** The increased cost of the RCRA cap reflects the use
of multiple layers, including geomembranes. Other major cost drivers for this
technology include gas collection and treatment, if necessary, and long-term
monitoring and maintenance.®

Summary

Capping involves covering radioactive waste to reduce or eliminate
exposure pathways. Because contaminated media are not removed or treated, there
isaresidual risk of exposure over the long-term due to cap disturbance and
possible horizontal migration in groundwater. If the cap remains undisturbed and
horizontal migration is minimal, capping protects human health by putting a barrier
between the radioactively contaminated waste and the surface. During cap
construction, surrounding communities and site workers may be exposed to
fugitive dust and gas emissions.

The most significant advantages of capping are the ease of application, the
fact that it is awell-known technology, and that it is reliable when properly
maintained. The most significant disadvantages of capping are that the
contaminated mediais not treated or removed and that it does not limit horizontal
migration of the contaminants via groundwater.

Exhibit 2-3 summarizes the data and analyses in this profile and can be
used for technology comparison.

“ys. Department of Defense, Environmental Technology Transfer CommitteeRemediation Technologies Screening Matrix and

Reference Guide Second Edition, October 1994.

Bipid.,
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Exhibit 2-3: NCP Criteriafor Capping

NCP Criterion

Evaluation

Perfor mance Data

Overall
Effectiveness

» Highly effective and

reliable when
maintained properly.®

Depends on cap type and
degree to which it remains
intact over time.

Can control direct contact
with contaminated media
and decay gases and prevent
vertical migration of

contamination to the surface.

Compliance with
ARARs

Sites with mixed waste
must comply with
RCRA capping
reguirements.

DOE sites with low-
level waste must
comply with DOE
Order 5820.2A.

Compliance with soil and
groundwater ARARs must
be determined on a site-
specific basis.

Horizontal migration of
contaminantsis
possible over long-
term.

Reduction of Does not decrease Does not remove or
Radiotoxicity, radiotoxicity or volume remediate contaminated
M obility or of the contaminated media.
Volume media. Has been shown to reduce
Reduces vertical but vertical contaminant
not horizontal mobility. migration.
Long-Term Effective over long- Dependent on proper cap
Effectiveness and term, as long as cap maintenance and lack of
Permanence remains intact. disturbance.

Difficult to monitor or
evaluate cap performance
once installed.

1
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6
U.S. Environmental Protection Agency, Office of Research and DevelopmentTechnological Approaches to the Cleanup of
Radiologically Contaminated Superfund Sites EPA/540/2-88/002, August 1988.
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Exhibit 2-3: NCP Criteriafor Capping (Cont.)

NCP Criterion

Evaluation

Perfor mance Data

Short-Term
Effectiveness

Effective means of
containing
contamination in short-
term.

Requires control of
potential worker and
community exposure to
contamination during
implementation.

Prevents contaminant
exposure as soon as cap isin
place.

May expose community or
workers to contamination
during construction.

Implementability

Easy to implement.

Relevant site-specific
factors must be
considered prior to
implementation.

No offsite activity is
necessary to manage, treat,
or store the waste.

Site-specific conditions such
as climate and topography
may impact cap integrity.

Cost Relatively low capital Costs between $10 and $30
cost.”’ per square yard are
Maintenance over very associated V\lgth this
long-term will affect technology.
overall cost. O&M costs include
monitoring and cap
maintenance.
17
Ibid.

By s, Department of Defense, Environmental Technology Transfer CommitteeRemediation Technologies Screening Matrix and

Reference Guide Second Edition, October 1994.
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LAND ENCAPSULATION

| 2.2 LAND ENCAPSULATION I

2.2.1 Technology Characterization

Description

Land encapsulation is a proven, well-demonstrated containment
technology*® that is generally used at the disposal stage of radioactive waste
management. Other technologies are often used to reduce the volume of the
radioactive waste, after which land encapsulation is used to effectively dispose of
the treated waste. Land encapsulation involves excavating the disposal area and
installing a liner or other impermeable material in the excavated area. Radioactive
waste and/or residuals requiring disposal are then transported and backfilled into
the lined, excavated area and an appropriate cap is applied (see Exhibit 2-4)
(detailed description of capping technology is provided in Section 2.1).

Facility design guidelines developed by the Nuclear Regulatory
Commission (NRC) and EPA for commercial, mixed low-level waste (LLW)
disposal facilities include two or more composite liners (e.g., upper geomembrane
and compacted soil layer) and a leachate collection system located above and
between the liners. The facility design minimizes water contact with the
encapsulated waste as required by the NRC.%

While land encapsulation can occur on site, because obtaining necessary
approvals to dispose of radioactive waste is difficult, most waste is transported to
off site land encapsulation facilities. The Low-Level Radioactive Waste Policy
Amendments Act of 1985 (LLRWPAA) requires states and compacts to develop
siting plans for LLW disposal facilities.® A remote area dedicated by a state or
other government entity to radioactive waste containment could receive waste from
other sources within and outside that jurisdiction, given the appropriate approvals.
There are currently three licensed LLW disposal facilities; additional LLW
facilities are expected to become operational in the near future.

Bypid,

2., Environmental Protection Agency, Office of Research and DevelopmentTechnological Approaches to the Cleanup of
Radiologically Contaminated Superfund Sites EPA/540/2-88/002, August 1988.

21
Ibid.
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Given the long period of time that radioactive waste will be a hazard, the
encapsulation facility must heed the degradational characteristics of construction
materials more than usual for hazardous waste disposal sites.?? Current research
has focused on developing new types of materials to improve liner integrity and to
reduce possible radionuclide migration. One approach involves using smectite
clays, which can both bind hazardous cations and resist water. Such clays could
increase resistance to leaching of the radionuclides by water.? Another developing
technology isin-situ encapsulation of contaminant waste, in which the natural
processes that convert unconsolidated soil, sand, and gravel sedimentary rock are
simulated. Unlike traditional liners of silty-clay soils, this technology eliminates
the potential for waste migration into groundwater.?*

Exhibit 2-4: Land Encapsulation

2
Ibid.

23Argonne National Laboratory. “Encapsulation of Hazardous lons in Smectite Clays’ Project Description, 1994.

24
Terran Environmental Inc. "In-situ Encapsulation of Buried Waste" Project Description , 1994.
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Target Contaminant Groups

Land encapsulation is generally used as afinal disposal method. Thusit can be
applied to awide variety of contaminants, including LLW, and mixed and commercial
wastes (definitions of LLW, mixed waste and high-level waste are provided in
Appendix-A). Land encapsulation may be appropriate for radionuclides, whether or
not they have been extracted from a contaminated medium. Currently, no operating
land encapsulation facilities accept high-level waste.

Technology Operating Characteristics

Exhibit 2-5 summarizes the operating characteristics of land encapsulation.

Exhibit 2-5: Technical Characteristics of Land Encapsulation

Characieise

Destruction and Not applicable

Removal Efficiencies

(DREs)

Emissions: Gaseous Gas and dust emissions from construction of the land encapsulation

and Particulate facility, excavation of the waste, and transportation of material are
potential risks to workers, the community, and the environment.

Costs: Capital and Materials and installation costs range from $276 to 895 per cubic

O&M meter. First-year O & M costs are $0.045 per cubic meter.

These costs include the cost of excavation and transportation, but not
acquisition of adisposal site.

Reliability Highly certain for 100-1000 years.?® Design and mitigation procedures
can improve reliability.

Process Time Not applicable. "Processtime" may include the time devoted to either
transportation of the material or construction time for a new land
encapsulation facility. Once material reaches the facility, the process

is complete.
Applicable Media Soil, landfill leachates, sediments, bulk waste
Pretreatment/Site The waste must first be excavated before being transported to the
Requirements encapsulation facility. Other technologies may be applied to the waste

prior to land encapsulation. In addition to licensing and/or regulatory
approvals, excavation is necessary to construct a new land
encapsulation facility.

.S, Environmental Protection Agency, Office of Research and DevelopmentTechnological Approaches to the Cleanup of
Radiologically Contaminated Superfund Sites EPA/540/2-88/002, August 1988.

26U.S. Environmental Protection Agency, Office of Solid Waste and Emergency ResponseAssessment of Technologies for the
Remediation of Radioactively Contaminated Superfund SitesEPA/540/2-90/001, January 1990.
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2.2.2

Exhibit 2-5: Technical Characteristics of Land Encapsulation (Cont.)

Type and Quantity of | Not applicable

Residuals

Disposal Needs and Generally, dependent on current licensed operating disposal facilities.

Options Siting of a new disposal facility must comply with applicable
regulations.

Post-treatment Regulatory compliance procedures apply (i.e., monitoring and

Conditions mitigation).

Ability to M onitor Effectiveness of the encapsulation facility can be monitored by

Effectiveness leachate collection systems and groundwater monitoring wells.

Site Consider ations

Since there may be considerable public antipathy to this technology, the
primary site consideration is location (e.g., proximity to residential areas).
Transportation of large volumes of radioactive materials entails certain risks. Safety
and licensing and/or regulatory approval considerations are more cumbersome if
radionuclides have been concentrated by extraction and separation processes.
Currently, there are three NRC-licensed commercial LLW disposal facilities: Hanford,
Washington; Barnwell, South Carolina; and Clive, Utah. The only commercial
disposal facility licensed for mixed wasteisin Clive, Utah.

Site characteristics such as topography, seasonal variations in temperature and
precipitation and seismic activity may impact the land encapsulation facility’ s integrity
and must be considered. Relative to other technologies, minimal information about site
soil characteristicsis required prior to land encapsulation.

NCP Criteria Evaluation

Protection of Human Health and the Environment

Environmental and human health risks are most prevalent when radioactive
materials are being excavated and transported to an offsite land encapsulation facility.
Transportation of large volumes of radioactive materials involves high costs and risks.
Additional risks include excavation of radioactive material (if applicable) and handling
these materials in preparation for transport to an encapsulation facility. Risksto site
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workers from radioactive material excavation can be reduced by using a remote
excavation system for buried waste retrieval .’

The possibility that radioactive material in the land encapsulation facility could
leach into the environment is also arisk, especially if it leaches into groundwater.
Potential health impacts to site workers and residents also include exposure to fugitive
dust emissions and fugitive gases, such as radon.

Compliance with ARARs

The NRC and EPA have jointly developed guidance on land encapsulation
siting and designing commercial, mixed, low-level radioactive and hazardous waste
land encapsulation disposal facilities.?® The siting, construction, and operation of a
land encapsulation facility at a DOE site must comply with DOE Order 5820.2A.

Long-Term Effectiveness

Asadisposal facility, land encapsulation is designed to be along-term solution
to waste disposal. However, since land encapsulation does not reduce the volume or
radioactivity of the contaminants, design features such as liner integrity, monitoring,
and mitigation procedures are necessary to ensure effectiveness. Proximity to
residential areas, site characteristics, and land management plans all play acritical role
in the continued effectiveness of aland encapsulation facility.

Additionally, an appropriate site may need to be located for disposing of
radionuclides that have been extracted and separated, if aland encapsulation site does
not accept such materials.

Reduction of Radiotoxicity, M obility, or Volume

Land encapsulation will not reduce the radiotoxicity or volume of the
contaminated material. A sufficiently encapsulated facility will significantly reduce
vertical and horizontal mobility.

27
Oak Ridge National Laboratory and Idaho National Engineering L aboratoryTechnology Catalog Site Remediation Profiles:
Remote Excavation System- 1993.

2

8
U.S. Environmental Protection Agency, Office of Research and DevelopmentTechnological Approaches to the Cleanup of
Radiologically Contaminated Superfund Sites EPA/540/2-88/002, August 1988.
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Short-Term Effectiveness

If aland encapsulation facility provides sufficient capacity, a completely
impermeable liner and cover can prevent risks to human health and the environment.
During development of the land encapsulation facility, and excavation and
transportation of waste to the facility, however, local residents and site workers may be
exposed to dust and gas emissions.

| mplementability

For on site encapsulation, safety and siting approval considerations may impact
implementation because they can be very difficult to obtain. Generally, implementing
anew land encapsulation facility is alengthy process due to public concerns. Finding
an existing, secure site outside the containment property that will accept radioactive
waste may also be difficult. Safety and permitting issues also apply to transporting
and handling the waste outside the boundaries of the contaminated property.

The materials and equipment necessary to construct land encapsulation
facilities are generally readily available. Of the three existing NRC-licensed sites,
however, restrictions apply as to the types of waste accepted (such as radium waste at
Barnwell, SC) %. Also, the Utah facility is restricted to 11(e)(2) byproduct material,
Class A low-level waste and mixed low-level waste. The Hanford facility currently
accepts only waste from the Northwest and Rocky Mountain compacts.

Cost

The quantity of material for disposal most influences the cost. For large
volumes of material it may be desirable to reduce the volume through other treatments
prior to disposal. Costs also depend on the distance the waste must be transported to a
land encapsulation site; on site land encapsulation is less expensive than off site
encapsulation. The materials and installation costs range from $276 to 895 per cubic
meter of soil, while first-year O& M costs are $0.045 per cubic meter.* Remote

D) pig.

1 pid,
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2.2.3

excavation of a contaminated site costs from $203 to 244 per cubic foot, not including
transportation or disposal costs.®

Summary

Land encapsulation is a containment technology generally used at the disposal
stage of radioactive waste management. Land encapsulation facilities are designed to
be long-term solutions to waste disposal, although they do not reduce the radiotoxicity
or volume of waste.

The following factors may limit the applicability and effectiveness of this
process:

. difficulty in obtaining permits for siting and constructing a land
encapsulation facility for radioactive waste;

. likelihood of liner deterioration, liner penetration, and leaching over the
long-term;

. limited number of permitted facilities accepting radioactive waste;

. risks associated with the possible excavation, handling, and

transportation of radioactive waste.

Exhibit 2-6 summarizes the data and analyses presented in this profile and can
be used for technology comparison.

Exhibit 2-6: NCP Criteriafor Land Encapsulation

NCP Criterion Evaluation Perfor mance Data

Overall Protectiveness | « Coversand liners are e  Eliminates radiation
designed to encapsulate effects. Site

waste. characteristics and
monitoring are crucial.

Compliance with * Requiredin permit process. | « Joint NRC-EPA siting and

ARARs facility design guidance or
DOE Order 5820.2A
applies.

»  For off-site, transport
regulations apply.

3L
Oak Ridge National Laboratory and Idaho National Engineering L aboratoryTechnology Catalog Site Remediation Profiles:

Remote Excavation System- 1993.
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Exhibit 2-6: NCP Criteriafor Land Encapsulation (Cont.)

NCP Criterion Evaluation Perfor mance Data

Reduction of
Radiotoxicity,
M obility, or Volume

Does not reduce
radiotoxicity or volume;
reduces vertical and
horizontal mobility.

Involves immobilization
but not removal or
destruction.

Long-Term
Effectiveness and
Permanence

Designed to be along-term
solution for disposal.

A proven, well-
demonstrated technology.
Reliable for 100-1000
years.

Site characteristics, liner
integrity, and management
determine effectiveness.

Short-Term
Effectiveness

No reduction of
radiotoxicity or volume.
Effectively contains waste
in the short-term.

Potential to expose local
residents and site workers
to fugitive dust and gas
emissions.

Implementability

Difficult to gain approval
for building afacility.
Substantial permit
reguirements.

Construction processes are
not difficult or time-
consuming.

Significant public
antipathy.

Easy to construct under
appropriate site conditions.

Cost

Development of a new
facility is expensive. Costs
are reduced if facility isin
place.

Capital costs range from
$276 to $895 per cubic
meter of contaminated
soil. First-year O& M
costs are $.045 per cubic
meter.
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| 2.3 CRYOGENIC BARRIERS I

2.3.1 Technology Characterization

Description

A cryogenic barrier is a containment technology that freezes soil to create an
ice barrier around a contaminated zone. This barrier reduces the mobility of
radionuclide contaminants by confining the materials and any contaminated
groundwater that might otherwise flow through the site. To create the barrier, two
rows of freeze pipes are inserted in an array outside and beneath the contaminated
zone, using standard well drilling techniques. The first row of freeze pipesisinstalled
around the circumference of the site at angles below the contaminated zone; the
second set of freeze pipesisinstalled a set distance away from the first row. Careful
installation of the piping is necessary to ensure complete barrier formation. Once
installed, the array of pipesisconnected viaamanifold to arefrigeration plant. Ina
completely closed system, the pipes carry a coolant that freezes the inner volume
between the two rows of freeze pipes to create the ice barrier. Coolants consist of
environmentally benign brines such as salt water, propylene glycol, or calcium
chloride. Soil moisture content of 14 percent to 18percent is considered optimal for
implementing the cryogenic barrier. * Injection pipes can be placed within the barrier
to optimize soil moisture and to insert monitoring devices (see Exhibit 2-7).

L aboratory tests with Cesium-137 showed no detectable diffusion through the
cryogenic barrier, although sorption on soil grains may have been responsible for the
immobility.®

Cryogenic barriers are often used when the waste mass is too large for practical
treatment and where soluble and mobile constituents pose an imminent threat to a
drinking water source. Cryogenic barriers can be positioned to maximum depths of
1,000 feet and do not require excavation for installation.®* Barrier thickness, ranging
from 15 to 50 feet, and temperature may vary to suit site conditions. Ongoing
refrigeration is required to maintain cryogenic barriers; heat generated from high-level

32Cryocell, Responses to Commonly Asked Questions About Frozen Soil Barriers Containing Hazardous Waste.

Bu.s. Department of Energy, Frozen Soil Barrier Technology, Innovative Technology Summary Report DOE/EM-0273, April
1995.

%40ak Ridge National Laboratory, Oak Ridge National Laboratory Technology Logic Diagrams, Volume 3[echnology Evaluation
Data Sheets, Part B, Dismantlement - Remedial Action ORNL/M-2751/V 3/Pt.B, September 1993.
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radioactive waste can increase the electrical power needs.® With adequate
refrigeration, the ice does not degrade or weaken over time and isrepairable in situ. If
ground movement fractures the barrier, the fissures can be repaired by injecting water
into the leakage area.*

Refrigeration
Source

Freeze Pipes Injection Pipes

“‘i‘ ..'.’

Soil Containi
Radioactive W3

Exhibit 2-7: Cryogenic Barrier

35
Fremond, M., Ground Freezing 94, from the Proceedings of the Seventh International Symposium on Ground Freezing, Nancy,
France, October 24-28, 1994.

36
U.S. Environmental Protection Agency, Office of Research and DevelopmentSuperfund InnovativeTechnology Evaluation
Program: Technology Profiles Seventh Edition, EPA/540/R-94/526, November 1994.
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Using refrigeration to freeze soils has been employed in large-scale engineering
projects for a number of years. While cryogenic barriers have been field tested. they
have not yet been demonstrated at an actual radionuclide-contaminated site.

Target Contaminant Groups

Cryogenic barriers provide subsurface containment for a wide variety of waste
in soil and groundwater, including radionuclides, metals, and organics. While
cryogenic barriers are used for radionuclides in soluble form, the solubility of the
radionuclides depends on site-specific conditions such as pH and other chemicals
present.

Technology Operating Characteristics

Exhibit 2-8 summarizes the operating characteristics of cryogenic barriers.

Exhibit 2-8: Technical Characteristics of Cryogenic Barriers

Characieise

Destruction and Not applicable

Removal Efficiencies

(DREs)

Emissions: Gaseous Not applicable

and Particulate

Costs: Capital and Costs are based on the volume of frozen soil required to contain the
o&M waste. Capital costs range from $10 to $14 per cubic foot;

operation and maintenance costs are approximately $1 per cubic
foot per year.¥

Reliability Fully demonstrated for geotechnical applications to construction
sites.® Field demonstrated at clean sites.*®

Process Time A cryogenic barrier can be established within a few months.
Containment of the radioactive waste occurs as soon as the barrier
isin place.”

37
U.S. Department of Energy, Frozen Soil Barrier Technology, Innovative Technology Summary Report DOE/EM-0273, April
1995.

Boak Ridge National Laboratory, Oak Ridge National Laboratory Technology Logic Diagrams, Volume 3[echnology Evaluation
Data Sheets, Part B, Dismantlement - Remedial Action ORNL/M-2751/V 3/Pt.B, September 1993.

39RKK, Ltd. Vendor Information.

“Fremond, M., Ground Freezi ng 94, from the Proceedings of the Seventh International Symposium on Ground Freezing, Nancy,
France, October 24-28, 1994.
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Exhibit 2-8: Technical Characteristics of Cryogenic Barriers(Cont.)

Characteristic

Applicable Media

Soil, sediment, |eachates, bulk waste, and groundwater

Pretreatment/Site
Requirements

Power for the refrigeration plant to freeze the soil is required.
Soil moisture content of 14% to 18% is considered optimal.

Type and Quantity of
Residuals

Generates no waste stream or residues. 2

Disposal Needs and
Options

Not applicable. The contaminated media remain on-site.

Post-tr eatment
Conditions

All waste remains on site. Refrigeration plant remains on-site to
maintain frozen barrier.

Ability to M onitor
Effectiveness

Target contaminants can be monitored using monitoring wells
positioned internally and externally to the barrier. A fiber optics
temperature sensor system can monitor barrier temperature. **
Potential radioactive emissions from the contaminated area can be
monitored.

Site Consider ations

Design criteriafor cryogenic barriersis site-specific and depends on waste
type, topography, soil condition, thermal conductivity, and groundwater movement.
Cryogenic barriers are adaptable to any geometry, however drilling technologies may
present a constraint. Power for the refrigeration plant to freeze the soil is required;
remote sites may require electrical power and utility installation.** Heat from high-
level radioactive waste can increase electrical power needs for maintaining frozen
In extremely dry soils, moisture must be supplemented with injection pipes
placed within the barrier. For applications in humid and high ambient temperature

barriers.

“0oak Ridge National Laboratory,Oak Ridge National Laboratory Technology Logic Diagrams, Volume 2, Part B, Remedial

Action, ORNL/M-2751/V 2/Pt.B, September 1993.

“42y.s. Environmental Protection Agency, Office of Research and DevelopmentSuperfund InnovativeTechnology Evaluation

Program: Technology Profiles Seventh Edition, EPA/540/R-94/526, November 1994.

43Cryocell, Responses to Commonly Asked Questions About Frozen Soil Barriers Containing Hazardous Waste

“0ak Ridge National Laboratory,Oak Ridge National Laboratory Technology Logic Diagrams, Volume 2, Part B, Remedial

Action, ORNL/M-2751/V 2/Pt.B, September 1993.
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2.3.2

regions, proper ground insulation and near surface refrigerant piping may be required
to ensure that surface to 2-foot depths are adequately frozen.*

NCP Criteria Evaluation

Protection of Human Health and the Environment

Cryogenic barriers protect human health and the environment by reducing
vertical and lateral migration of radioactive contaminants. This technology reduces
risk exposure pathways as long as the pipes and refrigeration system remain intact.
Because the radioactive waste remains in place, there is a potential risk to human
health and the environment from radioactive emissions, particularly for waste located
near the ground surface. These potential emissions should be carefully monitored.

Compliance with ARARs

At DOE sites with low-level waste, cryogenic barriers must meet the
performance criteria outlined in DOE Order 5820.2A. Compliance with other ARARs
must be determined on a site-specific basis.

Long-Term Effectiveness

Cryogenic barriers do not eliminate the radiotoxicity of the contaminants, they
simply limit their vertical and lateral migration. Demonstration results indicate a non-
detectable contaminant diffusion rate through a 15-m cryogenic barrier in thousands of
years.*® However, the frozen barrier must be maintained without any penetrationsin
order to be effective in the long-term. Monitoring the performance of cryogenic
barriers with monitoring wells and fiber optics temperature sensory systems is
necessary to ensure the long-term effectiveness of this technology. Also, because the
radioactive waste remains on site, continual monitoring around the contaminated area
isrequired to detect potential radioactive emissions.

Reduction of Radiotoxicity, M obility, or Volume

Although cryogenic barriers do not reduce the radiotoxicity or volume of the
contaminated material, they do reduce the horizontal and vertical mobility of
contaminants in soil and groundwater.

45
U.S. Department of Energy, Frozen Soil Barrier Technology, Innovative Technology Summary Report DOE/EM-0273, April

1995.

46Cryocell, Responses to Commonly Asked Questions About Frozen Soil Barriers Containing Hazardous Waste
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2.3.3

Short-Term Effectiveness

Health and safety issues are associated with drilling, prior to installation of the
refrigerant piping. If drilling occursin contaminated areas, site workers can be
exposed to radiation from the drilling equipment. The cryogenic barrier effectively
contains radioactive waste upon implementation and activation. However, because the
waste remains on-site, radioactive emissions may be produced from the contaminated
area.

| mplementability

Site conditions must be evaluated before implementing cryogenic barriers.
Standard well drilling techniques are used to drill or drive the freeze pipes into place.
This technology requires a power source, since arefrigeration plant is needed to
maintain the refrigerant. Necessary equipment, such as mobile refrigeration units,
freeze fittings, insulated piping systems, and drilling equipment, is readily available.
The establishment of a complete cryogenic barrier system can be implemented, using
large-scale temporary refrigeration equipment, in just afew months.

Cost

Costs are based on the volume of frozen soil required to effectively contain the
radioactive waste. Total capital cost for the cryogenic barrier is estimated to range
between $10 to $14 per cubic foot. Using more expensive cryogenics (e.g., liquid
nitrogen) in areas with low freezing points could increase capital costs.*” Average
operation and maintenance costs are approximately $1 per cubic foot per year. Heat
from high-level radioactive waste may increase electrical power needs and
mai ntenance costs.

Summary

A cryogenic barrier is a containment technology that prevents vertical and
horizontal migration of contaminants, including radionuclides. The technology
involves installing freeze pipes outside and beneath the contaminated zone to form an
ice barrier. Cryogenic barriers are effective upon implementation and provide long-
term reduction in risk exposure pathways, as long as the pipes and refrigeration system

47
U.S. Department of Energy, Frozen Soil Barrier Technology, Innovative Technology Summary Report DOE/EM-0273, April

1995.
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remain intact. A monitoring system can be incorporated within and around the
cryogenic barriers to ensure effectiveness.

Cryogenic barriers have been fully demonstrated for geotechnical applications
to construction sites, and have been field demonstrated at clean sites. The waste type,
topography, soil condition, thermal conductivity, and groundwater movement of a
specific site must be assessed prior to implementation. In order for cryogenic barriers
to be effective, soil moisture must be adequate and a suitable power source must be
available at the site. The technology’s advantages include in-situ application, which
reduces the potential exposure to radionuclides, and relatively easy barrier
maintenance. Disadvantages of cryogenic barriers include the potential for radioactive
emissions from the contaminated area and the need for ongoing refrigeration to
maintain the barrier.

Exhibit 2-9 summarizes the data and analyses presented in this profile and can
be used for technology comparison.

Exhibit 2-9: NCP Criteriafor Cryogenic Barriers

NCP Criterion Evaluation Perfor mance Data

Overall Protectiveness | " Eliminates risks of e Useful for reducing migration of
migration by containing of contaminants.
waste.

» Potential radioactive
emissions from the
contaminated area,
particularly if wasteis
located near the ground

surface.
Compliance with *  Compliance with soil and = DOE sites with low-level waste
ARARSs groundwater ARARS must must comply with DOE Order
be determined on a site- 5820.2A.
specific basis.
Reduction of *  Reduces mobility, but not »  Process does not remove or
Radiotoxicity, radiotoxicity or volume, of reduce contaminants.
M obility, or Volume contaminated media. «  Reduces vertical and lateral

migration of contaminants.
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Exhibit 2-9: NCP Criteriafor Cryogenic Barriers (Cont.)

NCP Criterion

Evaluation

Perfor mance Data

Effectiveness

contaminant migration

once the barrier isin place.

Barriers can be fully
implemented within 3
months.

Potential risk of exposure
to site workers if drilling
occursin contaminated
areas.

Long-Term L eaves untreated Demonstration results show a
Effectiveness and contaminated mediain nondetectable contaminant
Permanence place. diffusion rate through a 15-m
Potential radioactive cryogenic barrier in thousands of
emissions from the years.
contaminated area. A monitoring system should be
Long-term barrier incorporated to evaluate the
effectiveness depends on barrier’s effectiveness and to
proper maintenance. detect radioactive emissions.
Short-Term Effective in reducing Requires large-scale temporary

refrigeration equipment for
response in the short-term.

Implementability

Equipment and power is
needed to freeze the soil.
Site-specific
characterization is needed.

No offsite activity is necessary
to treat or store the waste.

Depends on waste type,
topography, soil condition,
thermal conductivity, and
groundwater movement.

Cost

Costs are mainly
associated with electrical
power needs and are
dependent on the size of
the contaminated area and
the heat produced by the
contained waste.

Capital costs are reported to
range from $10 to $14 per cubic
foot. O&M costs are
approximately $1 per cubic foot
per year.

Heat from high-level radioactive
waste can increase O& M costs.
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| 24 VERTICAL BARRIERS I

2.4.1 Technology Characterization

Description

A vertical barrier is a containment technology that isinstalled around a
contaminated zone to help confine radioactive waste and any contaminated
groundwater that might otherwise flow from the site. Vertical barriers also divert
uncontaminated groundwater flow away from asite. Vertical barriers must reach
down to an impermeable natural horizontal barrier, such as a clay zone, in order to
effectively impede groundwater flow. Thistechnology is often used when the waste
mass is too large to practically treat and where soluble and mobile constituents pose an
imminent threat to adrinking water source. Vertical barriers are frequently used in
conjunction with a surface cap to produce an essentially complete containment
structure.® Two types of vertical barriers used to contain radioactive waste are slurry
walls and grout curtains.

Slurry walls are subsurface barriers that consist of a vertically excavated trench
filled with aslurry. The slurry both hydraulically shores the trench to prevent the
collapse of the side walls during excavation and produces a barrier to groundwater
flow (see Exhibit 2-10). The slurry is generally amix of bentonite and water or
cement, bentonite, and water.* When a strong vertical barrier is required, diaphragm
walls are constructed with pre-cast or cast-in-place concrete panels. Composite slurry
walls, consisting of an impervious artificial barrier in awall excavated with self-
hardening slurry, are more resistant to chemical attacks and also reduce the barrier’'s
hydraulic conductivity.® Slurry walls are generally 0.6 to 1.2 meters (2 to 4 feet) thick

48y.S. Environmental Protection Agency, Office of Research and DevelopmentTechnological Approaches to the Cleanup of
Radiologically Contaminated Superfund Sites EPA/540/2-88/002, August 1988.

“pid.,

50
Mauro, M. “Construction of Deep Barrier Walls for Waste Containment.” Environmental Restoration Conference, 1995.
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and are typically placed at depths less than 15 meters (50 ft),** although slurry walls up
to 200 feet in depth have been successfully constructed.>

Grout curtains are narrow, vertical, grout wallsinstalled in the ground. They
are constructed by pressure-injecting grout directly into the soil at closely spaced
intervals around the waste site. The spacing is selected so that each "pillar” of grout
intersects the next, thus forming a continuous wall or curtain.>® Grout curtains may be
used up-gradient of the contaminated area, to prevent clean water from migrating
through waste, or down-gradient, to limit migration of contaminants. Grout curtains
are generally used at shallow depths (30 to 40 ft maximum depth).>* Typical grouting
materials include hydraulic cements, clays, bentonite and silicates. However, these
materials may crack or may not be durable or chemically compatible. Polymer grouts
are used for barrier applications because they are impermeable to gases and liquids and
resist radiation, as well as acidic and alkaline environments. A barrier that is currently
undergoing field testing consists of a conventional cement grout curtain with athin
lining of polymer grout. Close-coupled barriers such as this can be used for awide
range of waste in addition to radionuclides, and in a variety geohydrologic
conditions.®

Sy.s. Department of Defense, Environmental Technology Transfer CommitteeRemediation Technologies Screening Matrix and
Reference Guide Second Edition, October 1994.
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Mauro, M. “Construction of Deep Barrier Walls for Waste Containment.” Environmental Restoration Conference, 1995.

%3.S. Environmental Protection Agency, Office of Research and DevelopmentTechnological Approaches to the Cleanup of
Radiologically Contaminated Superfund Sites EPA/540/2-88/002, August 1988.

*0ak Ridge National Laboratory, Oak Ridge National Laboratory Technology Logic Diagrams, Volume 3[echnology Evaluation
Data Sheets, Part B, Dismantlement - Remedial Action ORNL/M-2751/V 3/Pt.B, September 1993.

55
Heiser, J. “Demonstration of Close-Coupled Barriers for Sub-Surface Containment of Buried Waste” Environmental Restoration
Conference, 1995.
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Membrane

Compacted Ei

Soil Contaminated witp
Radioactive Waste

Slurry Wall
Slurry Wall

Confining Layer

Exhibit 2-10: Vertical Barriers
Target Contaminant Groups

Vertical barriers provide subsurface containment for awide variety of waste,
including radionuclides, metals, and organics.

Technology Operating Characteristics

Exhibit 2-11 summarizes the operating characteristics of vertical barriers.

Exhibit 2-11: Technical Characteristics of Vertical Barriers

Characieise

Destruction and Not applicable
Removal Efficiencies
(DRES)
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Exhibit 2-11: Technical Characteristicsof Vertical Barriers(Cont.)

Char acteristic Description

Emissions: Gaseous Not applicable
and Particulate

Costs: Capital and Most costs are capital; O&M costs involve monitoring and

0o&M mitigation. Slurry walls range from $540 to $750 per square meter.
% Grout curtains range from $30 to $40 per square foot. >

Reliability Reliable upon implementation, however vertical barriers often
deteriorate over time.

Process Time Not applicable. The barrier is effective upon implementation.

Applicable Media Soil, sediment, leachates, bulk waste, and groundwater

Pretreatment/Site Detailed knowledge of soil characteristics and site geology.

Requirements
Type and Quantity of Not applicable

Residuals
Disposal Needs and Not applicable
Options
Post-Treatment Regulatory compliance procedures would apply (e.g. monitoring
Conditions and mitigation).
Institutional controls, such as deed, site access, and land use
restrictions, are usually required.
Ability to M onitor Can monitor the contamination level of nearby groundwater and
Effectiveness the integrity of the vertical barriers.

Site Consider ations

Successful installation of avertical barrier requires detailed knowledge of the
soil's physical and chemical characteristics and the subsurface geology. Many
common chemical (particularly organic) contaminants that may be present at
radioactive waste sites can destroy certain grout materials or prevent them from
setting. Therefore, characterization of the site waste, leachate, and barrier material
chemistry, as well as compatibility testing of the barrier material with the likely

%y.s. Department of Defense, Environmental Technology Transfer CommitteeRemediation Technologies Screening Matrix and
Reference Guide October 1994.

S0ak Ridge National Laboratory, Oak Ridge National Laboratory Technology Logic Diagrams, Volume 3[echnology Evaluation
Data Sheets, Part B, Dismantlement - Remedial Action ORNL/M-2751/V 3/Pt.B, September 1993.
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24.2

chemical environment, is required.® Other site conditions that may also affect the
integrity of the barrier include climate, which influences wet-dry cycling, and tectonic
activity.

NCP Criteria Evaluation

Protection of Human Health and the Environment

In general, vertical barriers protect human health and the environment by
reducing exposure pathways due to the migration of contaminants. Their effectiveness
largely depends on the presence of a confining layer of clay or rock, into which the
vertical barrier iskeyed. Without a confining layer, the vertical barrier will not form
an effective barrier because groundwater will flow under the barrier. Possible
deterioration of the barrier walls, caused by chemicalsin the waste (e.g., organic
compounds) and wet-dry cycling in soils, could cause leaching of contaminated
groundwater into the surrounding environment.*

During trench excavation, if applicable, nearby populations and site workers
are at risk of exposure to radioactive contaminants due to fugitive dust and gas
emissions. To mitigate these hazards, fugitive dust control techniques and limiting
operations to favorable meteorological conditions should be practiced.

Compliance with ARARs

Compliance with ARARs must be determined on a site-specific basis. At DOE
facilities, vertical barriers must comply with performance criteria outlined in DOE
Order 5820.2A.

Long-Term Effectiveness

Vertical barriers have been used for decades as long-term solutions for
controlling seepage of contaminated groundwater. However, vertical barriers do
nothing to eliminate the toxicity associated with radionuclides or any other
contaminants — they simply confine the contaminants to the site, thereby inhibiting
contaminant migration. Slurry walls and grout curtains both have the potential to
degrade or deteriorate over time due to certain chemicals contained in the waste and

58
Siskind, B. and Heiser, J. “Regulatory Issues and Assumptions Associated with Barriersin the VVadose Zone Surrounding Buried

Waste.” Brookhaven National Laboratory, 1993.

.S, Environmental Protection Agency, Office of Research and DevelopmentTechnological Approaches to the Cleanup of

Radiologically Contaminated Superfund Sites EPA/540/2-88/002, August 1988.
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various weathering processes. In contaminated environments, their long-term
effectiveness is very dependent on contaminant types and concentrations. The long-
term effectiveness of vertical barriers may be improved through use of such materials
as HDPE membranes and polymer grouts, which have increased chemical resistance
and reduced hydraulic conductivity.

Monitoring the barrier(s) and the surrounding groundwater is necessary to
ensure long-term effectiveness. Technologies that help monitor subsurface barriers
include sensors placed within and adjacent to barriers to detect significant changesin
moisture content, and the use of gaseous tracers to locate breaches.®

Reduction of Radiotoxicity, M obility, or Volume

Vertical barriers do not reduce the radiotoxicity or volume of contaminated
material, although they reduce the horizontal mobility of contaminantsin soil or
groundwater plumes.

Short-Term Effectiveness

As soon asthey arein place, vertical barriers can significantly reduce exposure
risks. However, it isdifficult to obtain truly low permeabilities in grout curtains that
are constructed of nonconsolidated materials. Also, many chemical contaminants can
prevent certain grout materials from setting.®* These factors may limit the
effectiveness of grout curtains.

| mplementability

Vertical barriersin soil and soil-like materials are relatively easy to install.®
Because slurry walls have been used for decades, the equipment and methodology are
readily available and well-known. However, the process of designing the proper mix
of wall materials to contain specific contaminantsis less well developed. Excavation
and backfilling of the slurry trench is critical and requires experienced contractors.®

60
MWLID Sandia/Westinghouse Hanford, “V erification of Sub-Surface Barriers using Time Domain Reflectometry (TDR) with
Waveguides’ 1994.
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U.S. Environmental Protection Agency, Office of Research and DevelopmentTechnological Approaches to the Cleanup of

Radiologically Contaminated Superfund Sites EPA/540/2-88/002, August 1988.

21 pid,
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U.S. Department of Defense, Environmental Technology Transfer CommitteeRemediation Technologies Screening Matrix and
Reference Guide October 1994.
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243

Cost

Vertical barrier costs are mostly capital costs; operation and maintenance costs
include monitoring and mitigation. Estimated costs for the design and installation of a
standard slurry wall in soft to medium soil range from $540 to $750 per square meter.
The use of an HDPE membrane in a slurry wall will increase the capital cost. Grout
curtains with conventional materials generally cost between $30 to $40 per square
foot. Use of a close-coupled barrier with a polymer grout lining increases the capital
cost. These costs do not include variable costs required for chemical and radiological
analyses, feasibility, or compatibility testing. Testing costs depend heavily on site-
specific factors. Other site-specific factors that significantly impact the final cost of
slurry wall or grout curtain installation include:

. type, activity, and distribution of contaminants;

. depth, length, and width of the wall;

. geological and hydrological characteristics;

. distance from the source of materials and equipment;

. requirements for wall protection and maintenance.*
Summary

A vertical barrier is a containment technology used to help confine radioactive
waste and any contaminated groundwater that might otherwise flow from the site.
Two types of vertical barriers used to contain radioactive waste are slurry walls and
grout curtains. Both are often used in conjunction with capping to provide more
thorough waste containment. Vertical barriers are effective upon implementation.
Costs of this technology depend on the barrier materials selected and site-specific
conditions. Although installing vertical barriers requires expertise, the process is not
complex and materials are readily available.

The following factors may limit the applicability and effectiveness of using
vertical barriers:

. vertical barriers must reach down to an impermeable horizontal barrier
to effectively impede groundwater flow;
. thorough characterization of the subsurface is required because settling

or unstable ground can limit effectiveness;

64
Oak Ridge National Laboratory, Oak Ridge National Laboratory Technology Logic Diagrams, Volume 3[echnology Evaluation

Data Sheets, Part B, Dismantlement - Remedial Action ORNL/M-2751/V 3/Pt.B, September 1993.
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. conventional barrier materials do not withstand attack by strong acids,
bases, salt solutions, and some organic chemicals,
. vertical barriers can degrade or deteriorate over time.

Exhibit 2-12 summarizes the data and analyses presented in this profile and can
be used for technology comparison.

Exhibit 2-12: NCP Criteriafor Vertical Barriers

NCP Criterion

Evaluation

Perfor mance Data

Overall Protectiveness

Eliminates many risks due to
migration by containing the
waste.

Successfully diverts uncontaminated
groundwater flow.

Useful for reducing contaminant
migration.

Compliance with

Compliance with soil and

DOE sites must comply with

Radiotoxicity,
M obility, or Volume

radiotoxicity or volume, of
contaminated media.

ARARs groundwater ARARs must performance criteriain Order
be determined on a site- 5820.2A.
specific basis.
Reduction of Reduces mobility, but not Process does not remove or reduce

contaminants.
Reduces lateral migration of

Effectiveness

workers if extensive
excavation is required.

contaminants.

Long-Term L eaves untreated Depends on contaminant types and

Effectiveness and contaminated mediain place. concentrations.

Permanence Potentially ineffective in the Possibility of barrier deterioration
long-term due to potential over the long-term. Possible site
barrier deterioration. conditions that could affect barrier

integrity include climate and tectonic
activity.

Short-Term Potential risksto site The effectiveness of grout curtains

may be reduced if constructed of non-
consolidated materials or in the
presence of certain chemicals.®

®y.S. Environmental Protection Agency, Office of Research and DevelopmentTechnological Approaches to the Cleanup of

Radiologically Contaminated Superfund Sites EPA/540/2-88/002, August 1988.
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Exhibit 2-12: NCP Criteriafor Vertical Barriers (Cont.)

NCP Criterion ‘ Perfor mance Data

Implementability Relatively easy to »  Excavation and backfilling slurry
implement. trench requires experienced
«  Equipment and methodology contractors.
are well-known and readily »  Thorough characterization of waste
available. type, topography, soil condition,

thermal conductivity, and
groundwater movement is important.

Cost * Most costs are capital; O&M | «  Slurry walls: $540 to $750 per square
costs include monitoring and meter.
mitigation. «  Grout curtains: $30 to $40 per square
» Capital cost is dependent on foot.
the type of barriers materials [ . HDPE membranes or polymer grouts
selected. increases cost.
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| SOLIDIFICATION/STABILIZATION I

Solidification/Stabilization technol ogies reduce the mobility of hazardous and
radioactive contaminants in the environment through both physical and chemical processes.
Stabilization seeks to trap contaminants within their "host" medium (i.e., the soil, sand, and/or
building materials that contain them), by inducing chemical reactions between the stabilizing
agent and contaminants, thus reducing their mobility. Solidification encapsulates the waste in
amonolithic solid of high-structural integrity. Solidification does not involve chemical
interaction between the contaminants and the solidification agents but are bonded
mechanically. Solidification and stabilization techniques are often used together. The intent
of solidification and/or stabilization processes would be to limit the spread of radioactive
material and to trap and contain radon within the monolithic solid. While the contaminants
would not be removed and would remain radioactive, the mobility of the contaminants would
be eliminated or reduced.

Solidification/Stabilization has been implemented full-scale and may be employed in-
Situ or ex-situ. In-situ techniques use auger/caisson systems and injector head systems to
apply agents to in-situ soils. Ex-situ techniques differ from in-situ techniques because ex-situ
processes involve digging up the materials and machine-mixing them with the solidifying
agent instead of injecting the agent to the materials in place. Ex-situ processes typically
require disposal of the resultant materials. In-situ and ex-situ techniques can be used alone or
combined with other treatment and disposal methods to yield a product or material suitable
for land disposal or, in other cases, that can be applied to beneficial use. Both techniques
have been used as final and interim remedial measures.

This profile presents:

. Cement solidification/stabilization (S/S)
. Chemical solidification/stabilization (S/S)

There may be one or more sub-options applicable to each process.

The flow diagrams in Exhibit 2-13 and Exhibit 2-14 illustrate the general process
involved with ex-situ and in-situ Solidification/Stabilization technol ogies respectively.
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CEMENT SOLIDIFICATION/STABILIZATION

Exhibit 2-14: In-Situ Solidification/Stabilization

25 CEMENT
SOLIDIFCATION/STABILIZATION

2.5.1 Technology Characterization

Description

Cement solidification/stabilization (S/S) processes involve the addition of
cement or a cement-based mixture which limits the solubility or mobility of the waste
constituents. These techniques are accomplished in-situ by either injecting a cement-
based agent into the contaminated materials, or ex-situ by excavating the materials,
machine-mixing them with a cement-based agent, and depositing the solidified massin
adesignated area. The goal of the S/S processisto limit the spread of radioactive
material vialeaching, and to trap and contain radon within a densified soil mass. This
process does not remove or inactivate contaminants, but eliminates or reduces
contaminant mobility.

The end product resulting from the solidification process is a monolithic block
of waste with high structural integrity. Types of solidifying/stabilizing agents include
the following: Portland; gypsum; modified sulfur cement, consisting of elemental
sulfur and hydrocarbon polymers; and grout, consisting of cement and other dry
materials, such as acceptable fly ash or blast furnace slag. Processes utilizing
modified sulfur cement are typically performed ex-situ.

Target Contaminant Groups

Properly implemented, cement S/S can apply to most contaminants, including
all classes of radioactive waste, organics, inorganics, heavy metals, and mixed waste.
This technology, however, may have limited effectiveness against SVOCs and
pesticides. In general, in-situ cement S/S can be considered at any site from which
radioactive waste cannot be removed. Type | Portland cement-based grout is
commonly used to solidify most hazardous waste, while Types 1l and V Portland
cement-based grouts are used for waste containing sulfates or sulfites.

Technology Operating Characteristics

Cement S/S could be considered for a variety of situations but is best suited to
highly porous, coarse-grained, low-level radioactive waste in permeable matrices.
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Exhibit 2-15 summarizes the operating characteristics of cement
solidification/stabilization.

Exhibit 2-15: Technical Characteristics of Cement

Solidification/Stabilization (S/S)

Characteristic || Description |

Destruction and
Removal Efficiencies
(DRESs)

Not applicable

Emissions: Gaseous
and Particulate

If necessary, a hood can be placed over the system to capture
volatile contaminants released during the injection process.

Unconfined
Compressive Strength

Strengths for modified sulfur cement twice those of Portland
cements have been achieved. Strengths for sulfur cement arein
the range of 27.6 MPA (4000 psi).®

Costs: Capital and
Oo&M

For ex-situ solidification/stabilization processes, overall costs from
more than a dozen vendors are under $100 per ton, including
excavation. The in-situ soil mixing/auger techniques average $40
- $60 per cubic yard for shallow applications and $150 - $250 per
cubic yard for deeper applications.®

Reliability

The long-term effects of weathering, groundwater infiltration, and
physical disturbance cannot be predicted accurately.

Process Time

The shallow in-situ soil mixing technique for in-situ applications
processes 40 - 80 tons per hour on average, and the deep soil
mixing technique averages 20 - 50 tons per hour. %

Applicable M edia

Soils, sediments, sludges, refuse

66
U.S. Environmental Protection Agency, Solid Waste and Emergency Response, Innovative Site Remediation Technology,
Solidification/Stabilization Volume 4, EPA 542-B-94-001, June 1994.

y.s. Department of Defense, Environmental Technology Transfer CommitteeRemediation Technologies Screening Matrix and
Reference Guide Second Edition, October 1994.

68
‘Ibid.
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5: Technical Characteristics of Cement
Solidification/Stabilization (S/S) (Co

Characteristic || Description_________|

Pre-Treatment/Site Before in-situ cement solidification/stabilization is applied at any
Requirements site, extensive laboratory studies should be conducted to
incorporate performance criteria, process criteria, and site-specific
criteria.®® Laboratory studies also can address design issues such as
achieving a specific permeability, minimizing volume increase, or
eliminating surface berms.

Prior to modified sulfur cement S/S, the waste should be dried. ™

Type and Quantity of Radioactive materials are left in place. No residuals are produced.

Residuals

Disposal Needs and The solidified/stabilized mass remains in place when utilizing the

Options in-situ approach. Excavated and mixed mass can be contained or
buried on or off site.

Post-Treatment With the in-situ approach or on site burial, all waste will remain at

Conditions the site. Institutional and engineering controls will most likely be
required. Ex-situ solidification may facilitate the transportation of
off site disposal of radioactive contaminants with the use of
containers, especially where volume reduction or extraction
techniques have been applied, previously.

Ability to M onitor The level of performance for stabilization process is measured by

Effectiveness the amount of constituents that can be leached from the stabilized

material. Two techniques recognized by USEPA as measure of
leachability are the Extraction Process (EP) Toxicity Test and the
Toxicity Characteristic Leaching Procedure (TCLP).™

.S, Environmental Protection Agency, Office of Research and DevelopmentApproaches for the Remediation of Federal Facility
Sites Contaminated with Explosive or Radioactive Waste, EPA/625/R-93/013, September 1993.

.S, Environmental Protection Agency, Solid Waste and Emergency Response, Innovative Site Remediation Technology,
Solidification/Stabilization Volume 4, EPA 542-B-94-001, June 1994.

.S, Environmental Protection Agency, Office of Emergency and Remedial ResponseSummary of Treatment Technology
Effectiveness for Contaminated Soil PB92-963351, June 1990.
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25.2

Site Consider ations

The in-situ method also may not be suitable if masses are thin, discontinuous,
and at or near the surface. Special concerns may be posed by other types of hazardous
waste (e.g., organic chemicals) that may interfere with solidifying the radioactive
waste. Some factors include inorganic acids that will decrease durability for Portland
Type | cement; chlorinated organics that may increase set time and decrease durability
of cement if concentration istoo high; and oil and grease that will decrease unconfined
compressive strength.”

In-situ S/S may not be suitable for some sites because gamma radiation might
not be reduced sufficiently, and because maintenance of utilities would be difficult.
Consideration must also be given to any debris such as barrels, scrap metals, and wood
pieces that may interfere with the solidification process. Environmental risks related
to drilling through the buried waste exist, especialy if liquid-filled drums are pierced
and their contents are spilled. The fluid inside the containers may contain material
detrimental to the cementation process. If whole drums can be located, removal
should be considered to eliminate risk of puncture.

Several soil characteristics influence whether the technology will contain the
waste effectively. These characteristics include void volume, which determines how
much grout can be injected into the site; soil pore size, determines the size of the
cement particles that can be injected; and permeability of the surrounding, which
determines whether water will flow preferentially around the solidified mass.

NCP Criteria Evaluation

Protection of Human Health and the Environment

Although this technology does not reduce the toxicity or volume of
contaminants, if successful, it has been proven to greatly reduce the mobility, thus
protecting human health and the environment by reducing risk of exposure. However,
process control isrelatively poor and it is difficult to verify that the monolith actually
contains the waste. Since cement solidification may not shield or eliminate radiation
effects, some form of capping or shielding may be appropriate.

72
U.S. Environmental Protection Agency, Office of Emergency and Remedial ResponseSolification/Stabilization of Organics and

Inorganics EPA/540/S-92/015, May 1993.
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Compliance with ARARs

The treatment must result in residual soil levels that comply with NRC
requirements and RCRA LDRs. Since no material is actually removed from the site
during in-situ solidification, the site must be appropriate for leaving the material on
sitein aless mobile form. Compliance with other ARARS need to be determined on a
site-specific basis.

Long-Term Effectiveness

L each resistance of some solidified/stabilized waste is relatively high.”
However, the long-term effects of weathering, groundwater infiltration, and physical
disturbance associated with uncontrolled future land use can significantly affect the
integrity of the stabilized mass and contaminant mobility in ways that cannot be
predicted.”™

Reduction of Radiotoxicity, M obility, or Volume

While solidification and stabilization reduce the mobility of a contaminant, the
volume of the waste increases, and there is only an incidental effect on toxicity. In-
Situ processes have demonstrated the capability to reduce the mobility of contaminated
waste by greater than 95 percent.”

Short-Term Effectiveness

In-situ processes result in risk of exposure since injection is performed
vertically over the waste. During ex-situ processes there are potential risks of
exposure to workers during the excavation, mixing, and handling of waste. Also,
fugitive dust emissions resulting from excavation could potentially expose workers
and the surrounding community.

"SPNL-SA-21482 October 1992.

"y, Department of Defense, Environmental Technology Transfer CommitteeRemediation Technologies Screening Matrix and
Reference Guide Second Edition, October 1994.

lpid.
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253

| mplementability

Cement S/Siswell demonstrated and easy to implement. Most reagents and

additives are generally widely available and relatively inexpensive industrial
commodities. However, detailed characterization of the site and the waste matrix is
required to determine the suitability of in-situ processes.

Cost

Summary

Costs can vary based on specific soil conditions, contaminants, and availability
of solidification agents. Also, ex-situ costs for transportation and offsite disposal of
the solidified material play arolein the overall cost. Low costs may reflect in-situ
mixing techniques and high costs may reflect in-drum mixing techniques.

The following factors may limit the applicability and effectiveness of cement S/S:

In-situ Techniques

Depth of contaminants may limit some types of application processes.
Future usage of the site may "weather" the materials and affect ability to
maintain immobilization of contaminants.

Some processes result in significant increase in volume (up to double
the original volume).

Certain waste are incompatible with variations of this process.
Treatability studies are generally required. Reagent delivery and
effective mixing are more difficult than for ex-situ applications.

Like al in-situ treatments, confirmatory sampling can be more difficult
than for ex-situ treatments.”™

Ex-situ Techniques

Environmental conditions may affect the long-term immobilization of
contaminants.

Some processes result in a significant increase in volume (up to double
the original volume).

1pid,
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. Certain waste are incompatible with different processes. Treatability
studies are generally required.

. VOCs are generally not immobilized.

. L ong-term effectiveness has not been demonstrated for many

contaminant/process combinations.”

Solidification/stabilization technologies are well demonstrated, can be applied to the
most common site and waste types, require conventional materials handling equipment, and
are available competitively from a number of vendors.

Exhibit 2-16 summarizes the data and analyses presented in this profile and can be
used for technology comparison.

Exhibit 2-16: NCP Criteriafor Cement Solidification/Stabilization (S/S)

Overall Protectiveness * Limited overall » May not shield or eliminate radiation
protectiveness at site; effects.
however, does prevent
migration of

contaminants to
exposure pathways.

Compliance with » Determined on asite- » Determined on a site-specific basis.
ARARs specific basis.

Reduction of » Does not reduce toxicity  In-situ processes do not involve removal or
Radiotoxicity, Mobility, or volume; does reduce destruction of contaminants, however,

or Volume mobility. solidification may be able to reduce the

release of radon and associated
radioactivity to acceptable levels at the
waste site without removal of materials for
off site containment.

Long-Term » Technology is not » Cement S/Sis acceptable for reducing the
Effectiveness and proven in the long-term. leachability of radionuclides or heavy
Permanence metals. However, the long-term effects of

weathering, groundwater infiltration, and
physical disturbance cannot be predicted.

hid.
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Exhibit 2-16: NCP Criteriafor Cement Solidification/Stabilization (S/S) (Cont.)

NCP Criterion Perfor mance Data

Short-Term
Effectiveness

Risk existsto both
workers and/or the
nearby community
during solidification
processes.

Fugitive dust generation from excavation
and handling of waste during ex-situ
processes poses a health and safety risk to
workers and nearby communities. Risk to
workers also results from drilling during
in-situ techniques.

Implementability

Easy to implement.

Based onsite circumstances, technology
may have to be combined with other
treatment methods (e.g., use of soil cover
or cap). Sufficient mixing must occur
between soil and grouting materials to be
effective.

Cost

Relatively low cost
technology.

Documented costs range from $40 - $250
per cubic yard. Availability of
solidification agent selected and, for ex-situ
processes, transportation and disposal costs
will affect the overall cost.
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26 CHEMICAL

SOLIDIFCATION/STABILIZATION

2.6.1 Technology Characterization

Description

Chemical Solidification/Stabilization (S/S) involves adding chemical reagents
to waste in order to limit the waste solubility and mobility. It isaccomplished either
in-situ, by injecting a solidifying/stabilizing agent into contaminated materials, or ex-
situ, by excavating and machine-mixing the materials with the solidifying/stabilizing
agent and then placing the solidified soil in containers or burying it on site. Onsite
burial of the solidified soil requires a soil cover sufficiently thick to absorb gamma
radiation. Chemical S/S agents include thermoplastic polymers (asphalt bitumen,
paraffin, polyethylene), thermosetting polymers (vinyl ester monomers, urea
formaldehyde, epoxy polymers), and other proprietary additives. Chemical grouts can
also be used as S/S agents, however little information is available on this process.

The chemical S/S process limits the spread of radioactive material vialeaching,
and traps and contains radon within a dense soil mass. Rather than inactivate
contaminants, this process eliminates or reduces the contaminants' mobility.

Target Contaminant Groups

Properly implemented, chemical S/S can apply to many contaminants,
including all classes of radioactive waste, organics, inorganics, heavy metals, and
mixed waste. This process may not be effective on other organics (e.g., SVOCs and
pesticides) that can inhibit the chemical bonding of stabilizers or the mechanical
bonding of solidifying agents.

Technology Operating Characteristics

Exhibit 2-17 summarizes the operating characteristics of chemical
solidification/stabilization.
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Exhibit 2-17: Technical Characteristics of Chemical
Solidification/Stabilization

Charasirisie | Desripion |

Destruction and Removal Not applicable
Efficiencies (DRES)

TCLP Results Poor for organic waste constituents. Excellent for metals.

Unconfined Compressive 220t0 1570 psi™®

Strength 390 to 860 psi™

Emissions: Gaseous and Volatile compounds can be released if mechanical mixing is
Particulate involved.®

Costs: Capital and O& M For ex-situ processes, overall costs are under $100 per ton,

including excavation. The in-situ soil mixing/auger techniques
average $40 - $60 per cubic yard for shallow applications and $150
- $250 per cubic yard for deeper applications. Most reagents and
additives are also widely available, relatively inexpensive industrial
commodities.®

Reliability The reliability of most chemical stabilizing agents has yet to be
fully determined. Some testing has been performed on polyethylene
waste.

8.S. Environmental Protection Agency, EPA/540/M5/89/001, 1989.
"I bid.
Dibid.

&y.s. Department of Defense, Environmental Technology Transfer CommitteeRemediation Technologies Screening Matrix and
Reference Guide Second Edition, October 1994.
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Exhibit 2-17: Technical Characteristics of Chemical
Solidification/Stabilization (Cont.)

Charasirisie | pesripion |

Process Time A typical full-scale polyethylene extruder can process 900
kilograms of mixed material per hour consisting of 30% binder and
70% waste. The extruded material takes only a few hours to cool
and to set.®

The shallow soil mixing technique for in-situ applications processes
40 to 80 tons per hour on average; the deep soil mixing technique
averages 20 to 50 tons per hour.®

Applicable Media Soils, sediments, sludges, refuse

Pretreatment/Site No pretreatment is required. However, testing must be performed

Requirements to assess the effectiveness of the chemical mix with the
contaminant.

Disposal Needs and Solidified/stabilized mass remains in place with in-situ approach.

Options Excavated and mixed mass must be contained or buried on- or off-
site.

Post-Treatment Conditions | With the in-situ approach or on-site burial, all waste will remain at
the site. Institutional controls will probably be required.

Ability to M onitor Rigorous verification involves digging up the perimeter of the
Effectiveness stabilized/solidified area. Additionally, S/S does not lend itself to
waste retrieval.

Site Consider ations

While chemical S/S can be used in avariety of situations, it is better suited to
fine-grained soil with small pores. The in-situ method may not be suitable for
residential sites because gamma radiation may not be sufficiently reduced, and
because maintenance of utilities would be difficult. The in-situ method also may not
be suitable if masses are thin, discontinuous, and at or near the surface. Special
concerns can be encountered by the presence of other types of hazardous waste that
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CHEMICAL SOLIDIFICATION/STABILIZATION

may interfere with the solidification process -- organic chemicals could be particularly
troublesome.

2.6.2 NCP Criteria Evaluation

Protection of Human Health and the Environment

This technology provides protectiveness by greatly reducing the mobility of
radioactive materials. The solidified mass, under proper conditions, will remain intact
for long periods of time, although it may not shield or eliminate radiation effects.
Some form of capping or shielding may therefore be appropriate.

Compliance with ARARs

During in-situ chemical S/S, no material is actually removed from the site. The
site must be appropriate for leaving the material on site in aless mobile form. This
technology generally meets RCRA LDR requirements for metals, however organicsin
the waste may inhibit cementation and chemical bonding processes and result in non-
compliance.

Long-Term Effectiveness

Radioactive materials will remain onsite or wherever the solidified massis
disposed of. The S/S process itself may not provide adequate shielding from all types
of radiation; covering or capping may be required. S/S should greatly reduce or
eliminate the threat of groundwater contamination or other migration, although long-
term site maintenance and institutional controls would be required. The long-term
effects of weathering, groundwater infiltration, and physical disturbance associated
with uncontrolled future land use can significantly and unpredictably affect the
integrity of the stabilized mass.®*

Research is underway on the viability and reliability of most chemical
stabilizing agents. Water immersion and temperature fluctuation tests on polyethylene
waste forms showed no significant changes in compressive strength. 1n addition,
exposure tests of radiation up to 10%rad increased cross-linking in the waste forms,

% pid.,
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2.6.3

thus were stronger, more stable under thermal cycling, more resistant to solvents, and
more resistant to leaching.®

Reduction of Radiotoxicity, M obility, or Volume

While S/S reduces contaminant mobility, the volume of the waste increases;
thereis only an incidental effect on toxicity.

Short-Term Effectiveness

Potential risks of exposure to workers exist during waste handling. Also,
fugitive dust emissions resulting from excavation could expose workers and the
surrounding community to contaminants. Transportation of waste to offsite disposal
facility for ex-situ treatment also increases exposure risks to workers and community.

| mplementability

This process is generally easy to implement (e.g., uses conventional materials
and widely available equipment).

Cost

Costsvary. In-situchemical processes usually cost less than ex-situ processes.
Nonetheless, the range of costsisrelatively low compared to other technologies.

Summary

Although chemical S/S may effectively reduce the mobility of radioactive
contaminants, it may not affect volume or toxicity. It isapplicable to the most
common site and waste types, uses conventional materials handling equipment, and is
widely available. Thistechnology usually requires capping or covering, engineering
controls, and/or institutional controls.

Factors that may limit the applicability and effectiveness of in-situ and ex-situ
S/Sinclude:

In-situ techniques

. depth of contaminants may limit some types of application;
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future site use may "weather" the materials and affect their ability to
immobilize contaminants;

some processes result in a significant volume increase (up to double the
original);

certain waste are incompatible with process variations — treatability
studies are generally required; reagent delivery and effective mixing are
more difficult than for ex-situ applications;

confirmatory sampling can be more difficult than for ex-situ
treatments.®

Ex-situ techniques

environmental conditions may affect long-term contaminant immobility;
some processes result in a significant volume increase (up to double the
original);

certain waste are incompatible with different processes treatability
studies are generally required;

VOCs are generally not immobilized;

long-term effectiveness has not been demonstrated for many
contaminant/process reagent combinations.®’

Additionally, a major factor driving the selection process beyond basic waste

compatibility is the availability of suitable reagents. Chemical S/S processes require

that potentially large volumes of bulk reagents and additives be transported to project
sites. Transportation costs may therefore dominate project budgets and may quickly

become uneconomical in cases where materials are not locally available.®

Exhibit 2-18 summarizes the data and analyses presented in this profile and can

be used for technology comparison.

8y.s. Department of Defense, Environmental Technology Transfer CommitteeRemediation Technologies Screening Matrix and
Reference Guide Second Edition, October 1994.
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Exhibit 2-18: NCP Criteriafor Chemical Solidification/Stabilization

NCP Criterion “ Perfor mance Data

Overall
Protectiveness

Limited overall
protectiveness at site;
however, does prevent
migration of contaminants
to exposure pathways.

May not shield or eliminate
radiation effects.

Effective in reducing
leachability of radioactive
material. Some organic
constituents of mixed waste
can reduce effectiveness.

Exhibit 2-18: NCP Criteriafor Chemical Solidification/Stabilization

(Cont.)

NCP Criterion “ Perfor mance Data

Compliance with
ARARs

Determined on a site-
specific basis.

Determined on a site-
specific basis.

Reduction of
Radiotoxicity,
M obility, or Volume

Does not reduce toxicity or
volume of contaminants;
reduces mobility.

Process can increase
volume of media after
solidification.

Does not remove or destroy
contaminants.

Long-Term
Effectiveness and
Permanence

Radioactive materials
remain on site or wherever
the solidified massis
disposed of.

Process itself does not
provide adequate shielding
from all types of radiation.
Process leads to effective
long-term reduction in
exposure risks via
groundwater.

L ong-term site maintenance
of the site and institutional
controls may be required.
Process can greatly reduce
the threat of groundwater
contaminants.

TCLP results are excellent
for metal and radionuclides;
poor for organics.
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Exhibit 2-18: NCP Criteriafor Chemical Solidification/Stabilization

(Cont.)

NCP Criterion “ Perfor mance Data

Short-Term
Effectiveness

Excavation of waste can
expose site personnel.
Process can be completed
within short timeframe.
Transportation for off-site
disposal can increase risk to
community.

Volatile contaminants can
be released during mixing.
1800 pounds per hour for
polyethylene process; only
afew hours for cooling and
setting of mass.

Ex-situ process may require
offsite disposal of solidified
mass.

Implementability

Easy to implement.

Many chemical stabilizing
agents need further testing
and development.

Requires soil cover or cap
of sufficient thickness.
Optimal conditions for
many chemical agents not
determined.

Cost

Costs depend on the
availability and/or
transportation of the
solidifying agents.

Costs range from $40 to
$250 per ton.
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