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Abstract

This report identifies technologies that may be usefu! in removing or stabilizing
radiological contamination at those uncontrolled hazardous waste (Superfund) sites that
contain radionuclides. The radioactive materials at some Superfund sites consist
primarily of waste from radium, uranium, and thorium processing. Twenty existing
Superfund sites are known to contain radionuclides, along with seventy-one sites
managed by the Department of Energy. This report addresses remediation of
contaminated soils; it does not address remediation of contaminated buildings or
ground water. This report is not intended to provide any legal or policy basis for the
selection or use of technology for cleanup of a hazardous waste site.

Sites contaminated with radionuclides pose a unique problem because, unlike organic
wastes, radionuclides cannot be destroyed by physical or chemical means; they can
only decay through their natural process. Thus, alteration or remediation of the
radioactive decay processes, thereby changing the fundamental hazard, is not possible.
Several technologies have potential for eliminating or stabilizing radionuclides at
radiologically contammated sites. These include both on-site and off-site disposal,
on-site treatment, radon control, chemical extraction, physical separation, and
combined physical separation and chemucal extraction technologies. Applicability of
these technologies is controlled by site-specific factors, so their suitability must be
determined on a site-by-site basis.

Issues of significant concern in attempting to apply remedial techniques include
disposal siting, handiing of concentrated residuals, public reaction, and cost.

Many of the technologies have not been satisfactorily demonstrated. There 1s a need
for additional assessment studies. Significant research and development activities,
including bench-scale and pilot-scale studies, would be necessary prior to full-scale
mobilization for site cleanups. These technologies should be evaluated for
implementation as they may have the potential for significantly improving cleanup
efforts.
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Executive Summary

Introduction

This document identifies potential technologies that
possibly can be applied in the control and remediation
of radioactive contamination at Superfund sites. This
report provides a discussion of the technologies; it
does not give a detailed critical evaluation of them.
The report does not include in-depth analyses that
would be needed to determine the applicability of any
of these technologies at a particular site.

The report only addresses treatment and disposal of
radiologically contaminated soils, and radon control. It
does not address, for example, remediation of
radiologically contaminated buildings. The report also
does not address treatment of radiologically
contaminated ground water, which is of concern at
some Superfund sites.

The radioactive materials at many Superfund sites are
by-products of uranium, thorium, and radium
processing in the form of tailings, contaminated
buildings and equipment, and stream sediments.

The primary public health threats from the radioactive
materials are through inhalation of radon and radon
progeny, external whole body exposure to gamma
radiation, and ingestion of radionuclides through food
and water. Radon and radon progeny are
continuously produced through the decay and
decomposition of uranium, thorium, and radium.
These hazards will persist throughout the entire
decay tme if no remedial action is taken. These
hazards could include the increased risk of cancers in
the exposed whole body and may also increase the
risk of genetic damage that may continue to cause
inheritable defects in future generations.

It should be noted that the radioactive contaminants
are not altered or destroyed by treatment
technologies. The volume of contaminated material
may be reduced, but the concentration of the
contaminants will be much higher in the reduced
volume. Some type of containment and/or burial is
the only ultimate remedy for materials contaminated
at levels above those considered safe for exposure.

Table A on the following page shows the state of the
art of the various disposal, on-site treatment, radon

xi

control, chemical extraction, physical separation, and
combined physical separation and chemical extraction
technologies that are discussed in this report. Since
none of the chemical extraction and physical
separation technologies has been used in a site
remediation situation, their application must be
approached cautiously.

Significant research and development activities would
be necessary prior to full-scale mobilization for site
cleanup. The same holds true for solidification or
stabilization processes. Only excavation and land
encapsulation have been used to remediate
radiologically contaminated sites; ocean disposal has
been used for disposal of low level radioactive
wastes.

Remediation Sites

Twenty sites that contain man-made radioactive
wastes are on or are proposed for inclusion on the
National Priorities List (NPL). These Superfund sites
are described briefly in Appendix B of this document.
(Information provided is accurate as of December
1987.) The sites contain tailings piles and
redistributed tailings, solid waste landfills, hazardous
waste landfills, fabrication plants and laboratories, and
contaminated ground water. Remedial investigation
and feasibility studies (RI/FS) have been completed
on eight sites and are underway on seven sites.
Remediation at none of these sites has been
completed. However, the Department of Energy
(DOE) has completed remedial actions at vicinity
properties associated with DOE NPL sites.

The DOE cleanup projects, which also are described
in Appendix B, mainly stem from DOE’s inherited
responsibilities in the area of nuclear materials
production. DOE has four major cleanup projects:

(1) Formerly Utilized Sites Remedial Action
Project (FUSRAP) - 29 sites;

(2) Uranium Mill Tailings Remedial Action Project
(UMTRAP) - 24 sites;

(3) Grand Junction Remedial Action Project
(GJRAP) - 1 site; and

(4) Surplus Facilities Management Program
(SFMP) - 17 sites.



Table A. State of the Art of Remediation Technologies

Field
Demonstration Radiologically

Bench Pilot with Contaminated
Laboratory Scale Scale Radioactive Site
Technology Testing Testing Testing Matenal Remediation Remarks

On-site Disposal

- Capping X X

-~ Vertical bamers

Off-site Disposal

- Land encapsulation x

- Land spreading Land spreading of low-level radium studge
from drinking water 1s an allowed policy in
llinois

-~ Underground mine disposal X DOE currently working on mined repository
for radioactive waste

- Ocean disposal X Stringent regulations for radioactive waste

On-site Treatment

~  Stabilization or solidification X X Proposed by DOE for low-level radioactive
waste

- Vinrfication X X Field testing by ORNL

Radon Control

-  In homes X As a temporary and intenm measure

- ESP X

- Areal control

Chemical Extraction

~  With water X X

~  With inorganic salts

- With mineral acid X X X (from ores) Used in extraction of radium, thonum, and/or
uranium

~  With complexing agents X X X x (from ores) Used in extraction of uranium

Physical Separation

- Screening X X (from ores) Used in extraction of radium, thorum, and/or
uranium

~  Classification X X (from ores) Used in extraction of radium, thorum, and/or
uranium

- Gravity concentration X X (from ores) Used in extraction of radium, thorium, and/or
uranium

- Flotation X X X (from ores) Used in extraction of radium, thorium, and/or
uranium

Combined physical separation

and chemical extraction

- Soil washing and physical X X Pilot-plant development and testing needed

separation

- Separation and chemical
extraction

- Separation, washing, and
extraction

for radioactive wastes

Various portions of the process have been
developed for extraction of uranium from
ores. Pilot-plant testing and development
needed for radicactive waste

Significant bench-scale and pilot-plant
testing needed for radicactive waste

Xii



Current DOE projects also involve the cleanup of
thousands of vicinity properties, about 4000 in
GJRAP alone. The Grand Junction Remedial Action
Project has excavated and moved contaminated
material to an interim storage site from approximately
700 vicinity sites and is currently evaluating
alternatives for remediation of the interim storage site.
To date, seven sites administrated by DOE under the
FUSRAP project have been remediated. Three of the
FUSRAP sites are also on the NPL. The SFMP
includes over 30 currently active projects. Two of the
SFMP sites are on the NPL.

in addition, DOE’s Office of Defense Programs (ODP)
has a program similar to SFMP for its sites. ODP
conducts selected remedial decontamination activities
as required at facilities under their jurisdiction.

In most remedial actions conducted to date, the
radioactively contaminated material has been
excavated and contained in either permanent or
temporary above-ground containment facilities.
These facilities have been designed to include
perimeter air monitoring, surface water runoff
collection and containment features, and ground
water monitoring devices.

All methods used to accomplish remedial action on a
site contaminated with radionuclides will result in
waste materials that require disposal or storage. The
final disposal of these waste materials is the single
largest problem in remedial action.

Some of the Superfund sites contain various types of
hazardous wastes, and the radioactive portion may
pose a relatively minor problem. The presence of
other hazardous materials may complicate
remediation of the radioactive portion of the waste
and vice-versa.

Section 121 of CERCLA mandates that remedies
must be protective, utilize a permanent solution and
alternative treatment technologies or resource
recovery options to the maximum extent practicable,
and be cost effective. In addition, cleanup standards
for remedial actions must meet any applicable or
relevant and appropriate requirements (ARARS).

Standards developed under Section 275 of the
Atomic Energy Act and Section 206 of the Uranium
Mill Tailings Radiation Control Act (UMTRCA) of 1978
may be applicable or relevant and appropriate on a
site-specific basis to the cleanup of radiologically
contaminated Superfund sites. The EPA promulgated
40 CFR 192, Health and Environmental Protection
Standards for Uranium Mill Tailings in January 1983
under authority of these Acts. The pertinent standards
are contained in 40 CFR 192.12, 192.32, and 192.4l,
and deal with the acceptable levels of radioactivity in
residual materials and radiation emission levels from
them, and with disposal requirements. The disposal
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requirements include a design life of at least 200
years, and preferably 1,000 years where the latter is
reasonably achievable. However, standards are
applicable to uranium mill tailings only. Relevance and
appropriateness must be determined according to
specific site conditions.

Disposal

Disposal can be in one of two categories: on-site
disposal or off-site disposal. Applicability of these
methods to Superfund sites is controlled by site-
specific factors; therefore, their usefulness must be
determined on a site-by-site basis.

On-Site Disposal

Two methods are available for on-site disposal.
These may be applied in situ. They are:

- Capping
- Vertical barriers

Capping is simply covering the contaminated site with
a thick layer of low-permeability soil. The design
would be chosen to: (1) attenuate the gamma
radiation associated with all the radionuclides present,
(2) protect the ground water and 3) provide
reasonable assurance that release of radon from
residual radioactive material to the atmosphere will
not exceed acceptable limits. Capping has the
advantages of relatively low cost, ease of application,
and having been used for remediating radiologically
contaminated sites.

Capping has certain drawbacks. it does not eliminate
the source of radioactivity; this limits further use of
the site. The cap must be maintained as long as the
contaminant exists at the site. A cap must not be
penetrated for construction or installation of structures
and utility hardware. Therefore, existing structures
must be removed before capping. Also, horizontal
migration of the radionuclides in ground water could
still occur.

Vertical subsurface barriers (barrier walls) could serve
as barriers to horizontal migration of radionuclides,
but perhaps more important, as barriers to the
horizontal movement of ground water that may be
contaminated with radionuclides. Vertical barriers are
relatively simple to install. They perhaps could serve
as the container walls for extraction techniques.
Disadvantages include the difficulty of obtaining truly
low permeability and the possibility of material
incompatibility with waste chemicals. Before
attempting the installation of a barrier wall, detailed
data are required on the physical and chemical
characteristics of the soil.



Off-Site Disposal

Off-site disposal can be considered for either
temporary storage or permanent disposal. The
purpose would be to limit the exposure of people and
the environment to the radionuclide. This method can
be applied to both untreated materials and materials
that have been modified through a volume reduction
process. The waste materials could be treated betfore
disposal to reduce their volume or to stabilize them
so that they may be transported more easily. Four
off-site disposal methods are briefly described in this
report:

- Land encapsulation

- Land spreading

- Underground mine disposal
- Ocean disposal

Land encapsulation, either permanent or temporary,
has been the disposal method most used so far for
low-level radioactive waste materiais. Land
encapsulation on site can also occur, but this may not
be applicable in all situations. It can be as simple as
excavating the contaminated material and, without
further treatment, hauling 1t to a secure site designed
for fand encapsulation. The containment structure
technology has been used to remediate radiologically
contaminated sites. This technology was originally
developed for the disposal of hazardous wastes.

Joint NRC-EPA Design Guidelines and Combined
NRC-EPA Siting Guidelines for Disposal of
Commercial Mixed Low-Level Radioactive and
Hazardous Waste provide guidance on land
encapsulation siting and design where chemical
contamination is also a problem (see Appendix A).

Selecting a site for a new facility or finding an existing
site that will accept the waste can be very difficult. in
addition, the problems of handling and transporting
the waste must be considered. If the radioactive
portion is first concentrated, as in chemical extraction
and physical separation, additional disposal issues
could result due to higher levels of radioactivity in the
concentrated waste. Advantages of land
encapsulation include the relative maturity of the
technology, the complete removal of the waste from
the affected site, and the relative simplicity of the
prerequisite information needs.

Land spreading is a technology that has been
considered for radiologically contaminated wastes.
This technology involves excavation of the
contaminated material, transporting it to a suitable
site, and spreading it on unused land, assuring that
radioactivity levels approach the natural background
level of these materials when the operation s
completed.

Land spreading might be more appropnate for dry,
granular talings and soils. It would likely be
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inappropriate for materials contaminated with both
radioactive and nonradioactive hazardous wastes.
Another similar method is blending with clean soil
prior to land spreading.

Underground mine disposal could provide secure and
remote containment. Disposal in underground mines,
either new or existing, could be costly. The
radiologically contaminated waste could be excavated
and transported without treatment to the mine site.
Alternatively, it could be pretreated for volume
reduction or solidified to facilitate transport and
placement.

There would be a tradeoff between costs for
freatment or solidification and costs for transportation
and placement. Transportation costs and associated
risks need to be researched further. Movement of
radionuclides into ground water must be considered
and prevented.

Qcean disposal could be an alternative to land-
based disposal options. This alternative should onty
be evaluated for low level mill tailing wastes and not
considered for enhanced radioactive materials or
concentrated residuals.

On-Site Treatment

Two methods are available for treating radiologically
contaminated wastes so that the radioactive
contaminants may be immobilized. These are:

- Stabilization or sclidification
- Vitrification

Stabilization or solidification immobilizes radionuclides
(and could reduce radon emanation) by trapping them
in an impervious matrix. The solidification agent--
for example, Portland cement, silica grout, or
chemical grout--can be injected directly into the
waste mass or the waste can be excavated, mixed,
and replaced. It offers the opportunity to leave the
waste materials on site iIn an iImmobilized state. It may
be used as additional security for a waste mass that
will be capped. The presence of other hazardous
chemicals could interfere with some solidification
processes. Although the radionuclides are not
remaved in this process, their mobility and spread in
the environment are restrained.

Vitrification is another process that can immobilize
radioactive contaminants by trapping them in an
impervious matrix. The in situ process melts the
waste materials between two or more electrodes,
using large amounts of electricity while doing so. The
melted material then cools to a glassy mass in which
the radionuclides are trapped.

Volatilization of waste substances must be contended
with; some of the volatiles may be vaporized



radionuclides. Excavation and vitrification in a plant
designed for the purpose can be done using an
electric furnace or a rotary kiln, but dealing with the
resulting solids may pose additional problems.
Vitrification is very energy-intensive.

Radon Control Without Source
Remediation

As an interim measure, it may be possible to
remediate on-site properties through radon removal
techniques. In theory, these may include the
following:

- Radon reduction in homes
- Electrostatic precipitators
- Areal soil gas venting and areal removal

Radon and its decay progeny do not pose a
significant health hazard in an open outdoor
environment. However, they can accumulate to
harmful concentrations in confined spaces, such as
residences where there is an underlying radionuclide
source.

Direct radon reduction in homes can be accomplished
in a variety of ways. Techniques include sealing entry
cracks and holes, forced ventilation of soil and
building materials in and adjacent to the foundation,
and passive and forced ventilation of indoor airspace.
The techniques, properly applied, are effective. These
control systems must be maintained as long as the
radionuchde source is present. The particular
techniques to be applied to a specific situation
depend upon the structural characteristics of the
building and the nature of the underlying soil.

Electrostatic precipitators may reduce the number of
the particles in a room including particles to which
radon progeny are attached. The health effects of this
are not known.

Areal soil gas venting may be applicable to reduction
of radon emanation over a waste site. The technology
has been used to remove methane from landfills and
organic vapors from soil. The effectiveness will
depend in part on the soil characteristics. Areal
removal systems would require long-term
maintenance.

Chemical Extraction of Radionuclides
from Contaminated Soil

The objective of this separation technology is to
concentrate the radioactive contaminants by chemical
extraction, with the aim of thereby reducing the
volume of waste for disposal. The chemical extraction
technology ultimately generates two fractions. One
fraction contains the concentrated radioactive
contaminants and may require disposal; the remaining
material is analyzed for residual contamination and
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evaluated for replacement at the point of origin or at
suitable alternative sites. The various applicable
chemical extraction techniques include extraction
with:

- water

- inorganic saits

- mineral acids

- complexing reagents

Except for the use of inorganic chlorides to remove
radium from liquid effluents at uranium mines, none of
the chemical extraction technologies has been field
demonstrated to remove radionuclides from waste
material at a site. Bench-scale and pilot-scale
testing would be needed to determine whether
chemical extraction can be used for site remediation.

Water can be used to extract a portion of the
radionuclide contaminants. Contaminated soil or
tailings could be mixed with large quantities of water.
The water, with the soluble radionuclide fraction,
could be removed from solids by physical separation.
Since many of the soil-cleaning techniques use
water as part of their process, this method could be
used as pretreatment.

A review of the literature indicates a broad range of
results with the use of salt solutions to remove radium
and thorium from mill tailings and soils. In many
cases the effectiveness of a given salt appears to be
related to several obvious vanables, such as the
nature of the tailings (geochemistry, particle size
distribution, and chemical composition); the nature of
the soil; the concentration of the salt solution; pH;
solid-to-liquid ratio; process time; temperature; and
method of extraction.

Mineral acid extraction techniques are being
developed and have been used to extract radium,
thorium, and uranium from mineral ores.
Improvements in these acid extraction processes
have been found to be possible in the laboratory and
at uranium mills. The results show that the acid
extraction processes can remove most of the metals,
both radioactive and nonradioactive, and therefore
may deserve further study for cleanup of
radiologically contaminated sites and tailings.
However, different processes may be needed for
different radionuclides.

Extraction with complexing agents differs from acid
extraction in that complexing agents like EDTA
(ethylenediaminetetraacetic acid) are used instead of
mineral acids. Radium forms stable complexes with
many organic ligands (a molecule that can bind to a
metal ion to form a complex) while thorium is not
likely to be removed by complexation. Laboratory
experiments show that radium forms stable
complexes with EDTA, suggesting the potential for



extraction in sails and tailings with low concentrations
of thorium.

The above extraction processes produce a pregnant
liquor containing the radionuclides. In treating this
liquor to concentrate and collect the radionuclides for
disposal, the following support techniques are utilized:

- precipitation and coprecipitation
- solvent extraction
- ion exchange

By addition of chemicals, the radionuclides can be
precipitated out from leach liquor. The slurry from the
precipitation tank is dewatered in thickeners; this is
followed by filtration. The filter cake containing the
radionuclide fraction is then ready for disposal.
Precipitation is a difficult, cumbersome operation
requiring complex chemical separation. Close controi
of operating conditions is required.

Solvent extraction can be an efficient method for
separating the radionuclides. In solvent extraction, the
dissolved radionuclide fraction is transferred from the
feed solution into the organic solvent phase. The
loaded organic solvent s stripped of the radionuclides
by an aqueous reagent. The barren organic solvent is
recycled back to the extraction step. The radionuclide
is precipitated out from the aqueous liquor. Solvent
extraction offers better selectivity and more versatility
than ion exchange.

lon exchange involves the exchange of ions between
the solution and a solid resin. lon exchange does not
extract material from the soil directly. Rather, it
separates the constituents in a solution, such as
might result from chemical extraction. It has been
used extensively in uranium and radium extraction
from ore. There are three types of exchange: fixed
bed, moving bed, and resin-in-pulp. Any of these
are theoretically applicable to radionuclides in liquids
as a technique to compiete the chemical extraction
technology.

Because of the need for a combination of extraction
methods to remove uranium, thorium, and radium, the
chemical extraction technologies appear to be quite
expensive and complex.

Physical Separation of Radioactive Soil
Fractions

The radioactive contaminants in soils and tailings in
many cases are associated with the finer fractions.
This is true for uranium mill tailings and radium
processing residue. Thus, size separation may be
used to produce a reduced volume of concentrated
material for disposal, leaving "cleaner" fractions.
These fractions must be disposed as well. Physical
separation may be used with chemical extraction to
produce fractions of smaller volume with even more
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concentrated contaminant. The physical separation
technologies may be suitable for removing
radionuclides that originally have been deposited as
solid particulates on the soil.

Four physical separation technologies may be
applicable to the separation of radioactive waste
components of soils and tailings:

- Screening - both dry and wet
- Classification

- Flotation

- Gravity Concentration

These processes are already extensively used in the
extraction of uranium from ore. They have not been
used in the field to further extract other radionuclides
from tailings or sois. Pilot plant testing would be
needed to determine the ability of physical separation
technology to clean radiologically contaminated soils.

Screening separates soil (or soil-like material) on the
basis of size. It is normally applied only to particles
greater than 250 microns in size. The process can be
done dry or by washing water through the screen.
Screening is not efficient with damp materials, which
quickly blind the screen.

Screening can be applied to a variety of materials,
and it is relatively simple and inexpensive. it may be
particularly effective as a first operation to remove the
largest particles, followed by other methods.
Screening 1S a noisy operation, and dry screening
requires dust control. Finer screens clog easily.
information needs include size distribution and
moisture content of the feed stream, and throughput
required for the equipment.

Classification separates particles according to their
settling rate in a fluid. Several hydraulic, mechanical,
and nonmechanical configurations are available.
Generally, heavier and coarser particles go to the
bottom, and lighter, smaller particles (sometimes
called slimes) are removed from the top.
Theoretically, classifiers could be used to separate
the smaller particle fractions, which may contain
much of the radioactive contamination in waste sites.
Classifiers could be used with chemical extraction in a
volume reduction process. Classification is a relatively
low-cost, reliable operation. Soils high in clay and
sands high in humus, however, are difficult to process
this way. Information required for selecting
classification includes size distribution, specific
grawvity, and other physical characteristics of the soil.

Flotation is a liquid-froth separation process often
applied to separate specific minerals (particuiarly
sulfides) from ores. The process depends more on
physical and chemical attraction phenomena between
the ore and the frothing agents, and on particle size,



than on material density. If particles can be collected
by the froth, flotation is very effective.

Ordinarily, flotation is applied to fine materials; the
process often is preceded by grinding to reduce
particle size. Process effectiveness has been
demonstrated in extracting radium from uranium mill
tailings (Raicevic, CIM Bulletin, August 1970).
Detailed waste characterization is a prerequisite for
application of the flotation process; mineralogy,
chemistry, specific gravity, and particle size are all
important.

Gravity separation is used in the uranium and radium
ore processing industries. This process takes
advantage of the difference in material densities to
separate the materials into layers of dense and light
minerals. Separation is influenced by particle size,
density, shape, and weight. Shaking (e.g., a shaking
table) and a variety of other motions are employed to
keep the particles apart and in motion; this is an
integral part of the process. Gravity separation can be
used in conjunction with chemical extraction. One
drawback to gravity separation is its generally low
throughput. Information needs are essentially the
same as for flotation.

Additional technologies are required to support
separation methods, including sedimentation and
filtration, both of which are methods used in waste
water treatment. They may be used individually or
together.

Combined Physical Separation and
Chemical Extraction Technologies

The combined physical and chemical separation
techniques that can be applied to decontaminate
radioactive soils are:

- Soil washing and physical separation
- Separation and chemical extraction
- Separation, washing and extraction technique

The soil washing and physical separation process
involves washing the soil with chemical solution,
followed by separation of coarse and fine particles.
The type of solution used for washing will depend on
the contaminant’s chemical and physical composition.
in 1972 DOE initiated laboratory-scale studies of soil
cleaning techniques; on the basis of these studies, a
washing and physical separation process was
selected for pilot-plant study of cleaning plutonium-
contaminated soil. The results of that pilot-plant
testing (at Rocky Flats) show this process to have
potential for success.

In pilot-plant test runs, soils contaminated to 45,
284, 7515, 1305, and 675 pCi/g of plutonium were
cleaned to contamination levels of 1, 12, 86, 340, and
89 pCi/g, respectively, using different washing
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processes. The coarse particle weight fraction ranged
from 58 percent to 78 percent. Soil washing has been
shown to work in clay soil. This process may not
work for humus soil. The process is simple and
relatively inexpensive and needs no major process
development. It would, however, need further pilot-
plant testing and development work to test its
applicability to contaminated soil.

In combined physical separation and chemical
extraction, the soil is first separated into fine and
coarse particle fractions. The coarse particle fractions
may be washed or extracted. The fine particle
fractions are combined with extracted contaminants
and could be sent to a secure disposal site. The
“clean" coarse fractions are analyzed for residual
contamination and evaluated for placement at the
original site or an alternate site. An advantage of this
process is that soil containing higher levels of
radioactivity could be treated. Also, various sections
of the process have been developed for extracting
uranium, and laboratory work is underway in Canada
for extracting radium from uranium mill tailings. The
main disadvantages of this process are that it is
expensive and has high chemical usage. In addition,
the use of chemicals raises concerns of further
contamination to the environment. The process would
need further development work in order to better
extract radionuclides from soil.

In applying the separation, washing, and extraction
technique, the contaminated soils can conceivably be
washed with a variety of washing fluids, followed by
chemical extraction. The nature of the washing fluids
and chemicals depends on the contaminants and on
the characteristics of the soil. It could be
advantageous to separate the soil into fine and
coarse fractions and use the washing system on the
coarser soil fraction to reduce the throughput and
chemical usage. The treated soil, the finer soil
fractions and the collected contaminants would
require appropriate disposal.

General Issues

Several 1ssues are of significant concern in attempting
to apply remedial technologies at sites contaminated
with radioactive materials. They inciude:

- Final Disposal and Disposal Siting. Publicly
acceptable sites are difficult to find, and there
may be problems in convincing the public that the
"clean" fractions of the treated wastes are truly
acceptable. Some form of disposal may ultimately
be necessary as radioactivity cannot be altered or
destroyed by any treatment technology.

- Handling of concentrated residuals. Reduc-
ing the volume of radiologically contaminated
waste will increase the concentration of



radionuclides and may substantially increase the
safety hazards of the contaminated fractions.

- Mixed Wastes. It is important to note that in
some cases there may be two categories of
residual contamination: process wastes and soils
contaminated with isolated radionuclides or
groups of radionuclides. While removal of the
radioactive fractions of soils contaminated with
single radionuclides such as uranium or plutonium
might result in "clean" fractions acceptable for
unrestricted disposal, removal of the radioactivity
from a soil contaminated with process wastes
may not. In this second case, the nonradioactive
fractions of the residues could result in an
unacceptable product. Therefore, before
considering any separation technique, it is
necessary that acceptable limits for both the
radiological contaminants and the non-
radiological contaminants be defined. In some
cases multiple treatments or combined
technologies could be required to achieve
environmental goals.

Criteria for Further Studies

The utility of any potential treatment process and the
applicability of the overall remedial action depend
heavily on the physical characteristics of the
contaminated media and the surrounding soils. Since
none of the chemical extraction and physical
separation technologies have been used in a site
remediation situation, their application must be
approached cautiously. The same holds true for
solidification or stabilization processes. Only land
encapsulation and ocean disposal have been used.

It is important to study the patterns in waste
characteristics at various sites and develop waste
groups with similar major characteristics. Applicability
studies can identify promising technologies to be
tested for treatment of each waste group. Preliminary
screening of the technologies can be accomplished
based primarily on the waste characteristics.

When one or more remediation concepts are selected
that appear applicable to a site, plans may be made
for treatability studies. Success there could lead to
pilot-scale testing and eventually to full-scale
demonstration of site cleanup. This step-wise
procedure is essential for the development of any
remediation technology, with carefully developed work
plans and quality assurance plans preceding each
step.

Conclusions

The remediation of radioactively contaminated sites
under Superfund, FUSRAP, and UMTRAP has been
hampered by the lack of methods other than
temporary storage or permanent encapsulation on
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land. Alternative technologies, which have to be
evaluated and discussed further, may have the
potential for reducing the mobility, toxicity, or volume
of these contaminants. Further studies need to be
completed prior to the implementation of these
alternatives.



Chapter 1
Introduction

1.1 Study Purpose and Objectives

The Environmental Protection Agency (EPA) has
identified twenty Superfund sites in the country that
are radiologically contaminated by man-made
sources (see Appendix B). These sites, located
across the United States, vary greatly in size and may
involve radiation exposure to people who reside on
and around them. Radionuclides, unlike other
hazardous wastes, cannot be altered or destroyed to
eliminate their hazard potential.

The principal objective of this document is to identify
the full range of technologies that may be useful in
reducing to acceptable levels the radioactivity at
uncontrolled hazardous waste sites. Many of the
technologies discussed would require significant
research and development activities before they could
be reasonably considered for site cleanup. This report
only addresses treatment and disposal of
radiologically contaminated soils; it does not deal
with, for example, sites whose principal radiological
contamination is in building materials. Radiologically
contaminated ground water is also a concern at some
Superfund sites, but ground water treatment is
beyond the scope of this report.

The document is intended as a first review. This
report provides a discussion of the technologies, but
not a detailed critical evaluation of them. The report
does not include in-depth analyses that would be
needed to determine the applicability of any of these
technologies at a particular site.

in order to better ascertain the applicability of the
technologies, descriptive data have been gathered for
the twenty sites identified on the National Priorities
List (NPL) that are known to contain radioactive waste
materials. These data are presented in Appendix B;
they are accurate as of December 1987.

1.2 Health Concerns

The radioactive materiais at Superfund sites consist
primarily of wastes from radium, thorium, and uranium
processing. These wastes contain residual quantities
of these elements and their radioactive decay
products, which have remained as contaminants in

buildings, soil material, and stream channeis after
operations at the sites have ceased--or have been
dumped as waste in on-site or off-site disposal
areas. Contaminated soils have sometimes been
utilized as fill material on private and public properties
for various purposes. There are many other
radionuclides that may also be impacted by
technologies in this report.

The radioisotopes of concern belong to the uranium
238 and thorium 232 decay series (see Figure 1).
Hazards to the general population could occur
through several pathways, including:

(1) inhalation of radon decay products,
particularly where radon 1s concentrated
within building structures;

(2) inhalation of particulates or ingestion of
materials containing radioisotopes of the two
decay series;

(3) ingestion of radionuclides via drinking water
and food; and

(4) external body exposure to gamma radiation.

In the absence of remedial action, these potential
hazards could persist for extremely long periods
(millions of years) because of the long half-lives of
the controlling isotopes.

There are three types of radiation generally believed
to pose health hazards.

One s the alpha radiatton (positively charged nuclear
particles) associated with radioactive decay of radon
gas and other radioactive elements, such as radium
and uranium. Although alpha radiation cannot pass
through the outer layers of skin, it can enter the body
through inhalation and ingestion. Inhalation of alpha-
emitting particles is a major health hazard and may
contnbute to lung cancer. Ingestion of water, dust,
ptants, or animals that contain aipha-emitters may
contribute to cancer in the various parts of the body
where the alpha-emitters lodge.

The second type of radiation that may pose a health
hazard is gamma radiation. Gamma emitters can
contribute to external exposure, since they can
irradiate the human body. Such exposure can



Figure 1. Uranium-238 decay series.
Uranium-238 Uranium-234
4 5 bitlion 240,000
years years
Element
/ Half-Life
beta,
alpha Protactinium- [ gamma alpha.
234 gamma l
1 2 minutes
Particie or
Ray Emitted
Thorium-234 beta, Thorium-230
24 days gamma 77,000
years
alpha,
gamma
Radium-226
1,600 years
alpha,
gamma
Radon-222
3 8 days
alpha,
gamma
Polonium-218 Polonium-214 Polonium-210
3.1 minutes 00016 seconds 138 days
l |, beta, beta I
alpha Bismuth-214 | gamma Bismuth -210 [ alpha,
20 minutes alpha, 50 days gamma
gamma *
beta,
Lead-214 1, 1 iha Lead-210 beta. Lead-206
27 minutes 22 years gamm stable

contribute to cancer in various parts of the body.
Different measures may be required to reduce
exposure to alpha and gamma radiation.

The third type of radiation is beta radiation
(electrons). Energetic beta particles can pass through
skin. The primary hazard from beta radiation,
however, is internal deposition by ingestion or
inhalation. Although decay of radium to radon does
not produce beta radiation, a subsequent portion of
the decay chain produces beta radiation. The beta

radiation is of secondary concern relative to the alpha
and gamma radiation, as the associated risks are
typically much lower.

The principal health concern at sites containing
radioactive wastes has been radon, radon progeny,
and gamma radiation from radionuclide decay. The
primary gamma radiation source at waste sites is
radium in the soil. In addition, radon gas is continually
produced by radioactive decay of radium, as indicated
in Figure 1. Radon and its decay products (radon



“progeny") are alpha emitters that are potentially
injurious if they become lodged in the resprratory
system, and gamma emitters. Radon in the soil can
make its way through cracks and porous building
materials and accumulate in unsafe concentrations
within houses and other buildings and enclosures [1].

Radon has a half-life of 3.8 days; its progeny are
radioactive particles. They can attach themselves to
dust and other particles. If they are inhaled, either
attached or unattached to other particles, they may
deposit in the respiratory system where they emit
alpha particles, which may be damaging to the
tissues. Alpha-emitting particles from decay of radon
and progeny are considered to be a cause of lung
cancer [2].

Residences and other buildings have been built on
and around some waste disposal sites contaminated
with radioactive materials. The radiation hazard
derives from elevated indoor concentrations of radon
gas and elevated outdoor and indoor gamma radiation
levels that approach and sometimes exceed the
radiological standards for the general public. It is
important to note that there are average background
radiation levels associated with these matenals.
Typical levels are shown in Table 1; they may not be
the same as the average level in any particular
location.

Sites that contain radioactive waste materials may
also contain other types of hazardous waste. Some of
the Superfund sites, for example, contain various
types of hazardous wastes, and the radioactive
portion may pose a relatively minor threat by
comparison. The presence of other hazardous
materials may complicate dealing with the radioactive
portion of the waste and vice-versa. EPA is
developing special regulatory approaches to these
“mixed wastes."

1.3 Waste Sources and Contaminated
Media

Radioactive wastes at uncontrolled sites have come
from a variety of sources. Perhaps the most common,
at least at Superfund sites, has been the residual
matenal derived from ore processing to obtain
radioactive elements. Examples are wastes from the
beneficiation of uranium-, radium-, and thorium-
bearing ores and from the process use of these
elements. A common use for radium has been
luminous watch dials; thorium has been used for
mantles for gas lanterns.

it appears that most of the contaminated wastes are
in tailings, a soil-like matnx. The radium and thorium
wastes exist in relatively small quantities at most sites
in comparison to uranium mining and mill tailings and
the wastes from nuclear fuel processing and handling.

Table 1. Typical Background Radiation Levels*
Component Typical Background

Gamma radiation 8-13 pR/h
Ra-226 or Ra-228 n sail ~1 pCvg
Uranium n soi ~1 pCvg
Th-232 in soll ~1 pCvg
Ra-226 in water with Ra-228 ~1 pCvl
U-238 in water ~1 pCvi
Radon in arr (outdoor) 0.2 pCi/l
Radon in arr (indoor) ~1 pCul

“These may not be the same as the average level in any particular
location.

Fuel processing, handling, and use may result in
relatively highly contaminated containers, equipment,
and even spent fuel residuals. Nuclear fuel wastes
are generally maintained in containers at the use site
(e.g., nuclear power and generating plants) until their
final disposition. Superfund sites for the most part do
not appear to contain these types of materials.

1.4 Scope of Report

Chapters 2 through 7 describe the range of
technologies for the removal of radioactive materials
from contaminated soil. These sections deal,
respectively, with disposal of contaminated materials,
on-site treatment, radon control chemical extraction,
physical separation, and process combinations to
remove contaminants from soil. The descriptions are
the result of literature surveys and discussions with
experts who have dealt with similar probiems. It
should be noted that the radioactive contaminants are
not altered or destroyed by treatment technologies.
The volume of contaminated material may be reduced
by treatment, but the concentration of the
contaminants will be much higher in the reduced
volume. Some type of containment and/or burial is
the only ultimate remedy for matenals contaminated
at levels above those considered safe for unrestricted
release.

Chapter 8 briefly points out some of the issues that
may inhibit or otherwise affect the remediation of sites
containing radioactive waste. The issues include, for
example, siting for final disposal, public reaction, and
costs.

Chapter 9 looks at potential experimental work
(bench-scale studies, for example) to test the
applicability of the alternative remediation
technologies.

Chapter 10 presents the conclusions of this report.

Appendix A briefly presents some of the
laws,reguiations, and guidance that are part of the
framework within which technologies may be selected
for remediation of Superfund sites. This report does



not attempt nor is it intended to provide a complete or
detailed analysis of how various laws, regulations, and
guidance apply in general or at a specific Superfund
site, nor is it intended to set or interpret policy for the
selection or use of technologies to clean up any
Superfund or other hazardous waste site.

Existing Superfund sites known to contain radioactive
materials are briefly characterized in Appendix B.
Descriptive data include: the location, size and
volume of the site; the character of the matrix
materials; proximity to population centers; the degree
of contamination; and the status of survey and
cleanup activities. Data also have been gathered on
sites being managed and remediated by the
Department of Energy (DOE) [3]. This information is
also presented in Appendix B.

Descriptive data on Superfund sites where
radioactivity is a concern were obtained from the EPA
Office of Solid Waste and Emergency Response and
from each of the pertinent EPA Regional Offices.
information on DOE sites was obtained from literature
provided by the Oak Ridge National Laboratory
(ORNL) and the EPA Research Library in Cincinnati,
from DOE personnel, and from the staff of EPA’s
Office of Radiation Programs.

Site-specific information is not complete at this time.
For example, only limited information has been found
on the soil or matrix characteristics at some of the
Superfund sites. Detailed information on the physical,
chemical, and radiological characteristics is absolutely
necessary before attempting to apply any of the
aiternative technologies.
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Chapter 2
Disposal

2.1 Introduction

This chapter discusses remediation methods that
show potential for use in the final disposal of radio-
active waste materials. Final disposal 1s generaily
regarded as some sort of containment that separates
the matenals from any further contact with the public
and the environment. The radioactive waste maternals
may be in the form of tallings or tailings mixed with
soll.

If some of the technologies described In this report
are applied prior to containment, the contaminated
waste volume may be reduced with a concomitant
increase in the concentration of the radicactive
material. Additionally, the larger fractions of the
treated soil may be suitable for replacement at the
point of origin without any long-term management, If
the treatment technology succeeds in reducing the
residual radiation to an acceptable level. No matter
what technologies are applied, there will always be
some portion of the matenal that will require long-
term disposal.

On the other hand, the radicactive waste matenals
may not be in a form amenable to volume
reduction-e.g., contaminated equipment; these also
must be permanently contained if they cannot be
cleaned.

Disposal can be in one of two categories: on-site
disposal and oft-site disposal. The state of the art of
on-site and off-site disposal methods is shown n
Table 2. Applicability of these methods to Superfund
sites is controlled by site-specific factors; therefore,
their usefulness must be determmed on a site-by-
site basis. At present, capping and land encapsulation
are the only two methods used for radiologically
contammated site remediation.

2.2 On-Site Disposal

it may be possible to deal with radioactive waste
materials, particularly f they are in a soll matnx, by
methods that do not remove either the soill or the
radionuclides from the site. Methods include: capping
and vertical barriers.

2.2.1 Capping

2.2.1.1

This concept involves covering the contaminated site
with a barner sufficiently thick and impermeable to
minimize the diffusion of radon gas. Barrier materials
can be either natural low-permeability soils (e.g.,
clay) or synthetic membrane liners, or both. Both
types of materials are generally available. A barrier
might consist of several feet of compacted clay,
depending upon radiation levels, and extending a few
feet beyond the permeter of the contaminated area.

Description and Development Status

Cap design and construction should consider the
need to: 1) confine radon until it has essentially
decayed to its progeny (for normal soils, the depth of
cover required is about 150 cm for Rn-222 and 5
cm for Rn-220); 2) attenuate the gamma radiation
associated with all the radionuclides present (for
normal solls, the depth of cover required for gamma
radiation shielding is on the order of 60 cm); 3)
provide long-term minimization of water infiltration
into the contaminated matenal; 4) function with
minimum maintenance; 5) promote drainage and
minimize erosion; and 6) have a permeability less
than or equal to the permeability of any bottom liner
system present or the natural subsoills.

Radon 1s continually produced from the radium
source, but the radon itself decays in a few days. A
schematic diagram of one potential cap design is
shown in Figure 2 [1]. A number of DOE facilities
have been constructed using the criteria contained
therein. The technology of caps is well developed,
and several good references are available [2-7].
However horizontal migration of radium or other
radionuclides in ground water could still occur.

2.2.1.2 Potential Applicable Situations

Capping a waste mass in situ 1s applicable over a
large, discrete, contaminated area or as a continuous
cover over several smaller areas that are close
together. Since there 1s a greater likelihood of
penetration through the cover if structures are built
upon it, capping is best used when no structures are
planned for the site. All reasonable steps should be



Table 2. State of the Art of Disposal Methods

Field
Demonstration  Radiologically
Bench  Pilot with Contaminated
Laboratory Scale Plant Radioactive Site
Method Testing  Testing Testing Matenal Remediation Remarks
On-site Disposal
- Capping X
- Vertical barriers
Off-site Disposal
- Land encapsulation X

- Land spreading
- Underground mine disposal

- Ocean disposal

Land spreading of radium sludge from
drinking water 1s an allowed poiicy in lllinois

DOE currently working on mined repository
for radicactive waste

Stringent regulations for radioactive waste

taken to prevent or prohibit construction of buildings
on capped wastes as long as possible.

2.2.1.3 Advantages and Disadvantages

Advantages - The advantages of capping are ease
of application, the fact that it is a well-known
technology, and its high reliabiity when maintained
properly. Anather advantage of in situ capping 1s its

Figure 2. Schematic of a cover profile. (Reprinted from [1].)
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intact, without penetrations, indefinitely. Tree roots,
excavations for various purposes, such as utilities
repair, and unwitting excavations or penetrations
{e.g., post holes) could result in significant leaks.
Building construction, as indicated above, is a clear
threat to a cap. In addition migration of uranium and
radium in the ground water could still occur.

2.2.1.4 Information Needs

As noted above, capping probably can be applied
without the detalled site materials characterization
necessary for most other types of remediation.
However, it must be determined whether other
hazardous materials are present; remediation
requirements for nonradioactive hazardous matenals
may take precedence.

2.2.2 Vertical Barriers

2.2.21

Vertical barrier walls may be installed around the
contaminated zone to help confine the material and
any contaminated ground water that might otherwise
flow from the site. The barrier walls, which might be
in the form of slurry walls or grout curtains [8,9],
would have to reach down to an impermeable natural
horizontal barrier, such as a clay zone, in order to be
effective in impeding ground-water flow. A barrier
wall in combination with a surface cap could produce
an essentially complete containment structure
surrounding the waste mass.

Description and Development Status

Slurry walls are constructed by excavating a trench
under a slurry. The siurry could be bentonite and
water or it could be Portland cement, bentonite and
water. In cases where strength 1s required of a
vertical barrter, diaphragm walls are constructed with
pre-cast or cast-in-place concrete panels [9].

An illustration of the slurry wall construction process
is shown in Figure 3.

Grout curtains [9] are constructed by pressure-
injecting grout directly into the soil at closely spaced
intervals around the waste site (Figure 4).

The spacing is selected so that each “pillar” of grout
intersects the next, thus forming a continuous wall or
curtain. Various kinds of grout can be used, such as
Portland cement, alkali silicate grouts, and organic
polymers.

2.2.2.2 Potential Applicable Situations

Vertical barriers could be considered for use to
prevent or delay escape of liquids and perhaps gases
(f installed in combination with a cap), untl a more

Slurry trench construction operations. (Reprinted
from [9].)
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desirable permanent remediation technology 1s
adopted.

Barrier walls could be considered only for large
discrete masses of waste materials or around several
smaller masses close together. Barner walis are not
totally impermeable to water.

2.2.2.3 Advantages and Disadvantages

Advantages - Vertical barrers in soil and soil-like
materials are relatively simple to install. They may
save the expense of excavating and removing the
contaminated material. In addition, they might serve
as a vessel within which an n situ treatment process,
such as contamiant extraction, could be carried out.

Disadvantages - It is difficult to obtain truly low
permeabilities In grout curtains constructed In



unconsolidated materials [6]. Neither slurry wall nor
grout curtain does anything, in itself, to eliminate the
problem of radioactivity or any other contaminant.
Each simply improves the confinement of the
contaminants to the site.

Another potential disadvantage is the possible
deterioration of the barrier walls resulting from the
chemicals contained in the waste, particularly organic
chemicals. A vertical barrier would not stop vertical
contamination to ground water below.

As with caps, barrier walls do not eliminate the
radioactive contents of the enclosed waste. They can
only inhibit the spread of the contaminants. They do
not inhibit the release of radon as a cap would.

2.2.2.4

The successful installation of a vertical barrier wall by
the slurry wall or grout curtain technique requires
detailed prior knowledge of the soil’'s physical and
chemical characteristics [9]. As a minimum, the
characterization of any liquid contaminants is
required. Many common chemical (particularly
organic) contaminants at uncontrolled waste sites can
destroy certain grout materials or prevent them from
setting.

Information Needs

2.3 Off-Site Disposal

Off-site disposal, as the term is used here, means
controlled disposal at a site that is engineered or
chosen for the purpose because of certain
characteristics. Hydrogeological conditions at the site
is one of the factors that must be considered in
selecting off-site land disposal sites. Disposal may
be very near the contaminated site or it may be very
remote. The choice may depend upon site availability,
security, public acceptance, cost, safety, and other
factors. Off-site disposal is considered here to be a
final stage of remediation, whether it is applied to
untreated waste or to the extracted, encapsulated, or
solidified wastes. Land encapsulation, land spreading,
underground mine disposal, and ocean disposal are
the off-site disposal methods reviewed in this
chapter.

In the case of radioactive waste it is not clear that
disposal with treatment will be superior to disposal
without treatment. The off-site disposal technologies
are discussed here without attempting to judge their
relative acceptability. Given the length of time that the
radioactive waste will be a hazard, the design must
include greater attention to degradational
characteristics of construction materials than has
been normally considered for hazardous waste
disposal sites.

2.3.1 Land Encapsulation

2.3.1.1

Land encapsutation is a proven, well-demonstrated
technology. EPA has produced many publications
dealing with the technology of hazardous waste land
encapsulation (all of the Technical Resource
Document series) [10]. Figure 5 is a cross-section
of a conceptual design of a land encapsulation
structure [1,11]. Nuclear Regulatory Commission
(NRC) and EPA have jointly developed guidance on
land encapsulation siting and design for commercial
mixed low-level radioactive and hazardous waste
disposal facilities [6,7] (see Appendix A, Addenda).

Description and Development Status

Land encapsulation is a technology that is hkely to be
considered at some stage in every site remediation
case, especially with radioactive wastes, because the
radioactivity cannot be altered or destroyed.
Alternative technologies may be applied to the waste,
as described later, to reduce its volume, but the
concentrated contaminants must still be contained.
DOE has used land encapsulation or some variant of
it at the FUSRAP sites that have been remediated
(see Appendix B).

Land encapsulation can occur on site, but this may
not be an option in all situations. If a radioactive
material processing plant is the source of the waste
and is near the contaminated area, the plant site
could be a prime possibility for the land encapsulation
location.

Alternatively, a remote site dedicated by a state or
other government entity to radicactive waste
containment, possibly could receive waste from any
number of sources within the state. The control
inefficiencies associated with operating diverse sites
over long periods could thus be minimized.

A variation of the in-state concept might be the
placement of the radioactive waste in the base of a
new municipal solid waste landfill. The landfill would
require a low-permeability liner. The solid waste atop
the radioactive waste would delay the emission of
radon until it had decayed and would absorb gamma
radiation. Since the eventual land encapsulation cover
would not be breached, at least for many years, the
radioactivity would not be of significant concern.
There is potential for problems if landfill leachates
were to mobilize the radionuclides buried below the
garbage. Another possible problem with this concept
is methane generation in the municipal waste. If the
methane should escape, radon might escape with it.

There are three existing NRC-licensed (by states)
commercial low-level radioactive waste sites, at
Hanford, WA; Beatty, NV; and Barnwell, SC. The
Barnwell site cannot accept radium waste. Although
probably capable of safely containing the waste from
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Superfund sites, the other two may be reluctant to
accept the wastes for many reasons, not the least of
which is the scarcity of containment space. States in
which these facilities are found are beginning to
refuse wastes from outside therr state or outside their
compact states, and are permitted to do so under
LLRWPA. Disposal at such remote out-of-state
sites may well be the most difficult, and the most
expensive, of the land encapsulation options [1].

2.3.1.2 Potential Applicable Situations

Land encapsulation may be appropriate for wastes
that have not been treated, as well as for
radionuclides extracted from a soill or other type of
matrix. In fact, it may be the most approprate final
disposal method in most situations. To date, DOE has
been utilizing either temporary storage or permanent
encapsulation as the most viable remedial
alternatives.

2.3.1.3 Advantages and Disadvantages

Advantages - Land encapsulation is a proven,
workable technology for the disposal of low-level
radiocactive wastes. It can be a viable solution at a
reasonable cost. The radionuclides would be removed
from the site and would not be a significant problem
at that site.

Disadvantages - Finding an appropriate site for
construction of a land encapsulation may be difficult
due to the current public aversion to this technology.
Finding an existing secure site outside the
containment property that will accept radioactive

Encapsulated Radioactively ™,
Contaminated Material

Schematic of a land encapsulation system. (Reprinted from [1].}
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wastes may also be difficult. OQutside the

contaminated property the wastes will require
transportation and handiing. Transportation of large
volumes of radioactive matenals also carries certain
costs and risks. There will be considerations of safety
and permitting in any case, but if the radionuclides
have been concentrated by extraction and separation
processes, these problems may become more
difficult. Longevity 1s a consideration in the design of
the disposal site. An appropriate site will have to be
found for the radionuclide concentrated fraction of the
material. In any case, the disposal site issue wili have
to be faced at some future date.

2.3.1.4 Information Needs

Relative to other technologies, minimal information
about the site soil characteristics is required prior to
land encapsulation. The levels of radioactivity and
quantities of nonradioactive hazardous materials are
certainly important, but soil grain size and other
physical characteristics do not have a significant
impact on applicabtlity of encapsulation. Other
charactenistics of the potential disposal site, however,
must be fully analyzed.

2.3.2 Land Spreading

2.3.2.1 Description and Development Status

A disposal option not often considered for radioactive
waste is spreading on land [12]. This could be an
option for untreated soll with low radioactivity levels.
The material could be transported to an appropriately
selected and sufficiently large expanse of remote



open land and spread to a degree that the soil
radioactivity level approaches the natural background
radiation level of these materials. The material can
also be blended with clean fill for dilution and then
spread over the land or disposed under road beds.
This technology has not been demonstrated for
radioactive waste. Land spreading of radium sludge
from drinking water treatment systems has been an
allowed policy n lllinois since 1984.

2.3.2.2 Potential Applicable Situations

Land spreading appears to be more appropriate for
dry, granular, soil-like materials or talings that are
not mixed with other contaminants.

2.3.2.3 Advantages and Disadvantages

Advantages - The technology appears simple and
relatively inexpensive; it could result in a permanent
remedy for the contaminated sites involved.

Disadvantages - Selecting a site to receive the
materials would likely be a pohtically and socially
sensitive issue. The types of materials that could be
accepted would probably fall within a very narrow
range of physical and chemical charactenstics. The
technology has not been demonstrated. Convincing
the public of its safety would be very difficult. A
potential problem may be emitting respirable particles
into the air. Land spreading could contribute to a
non-point source poliution problem generated by
native soil.

2.3.24

Because this technology is an untried concept,
information needs have not been worked out.
However, there seems to be no doubt that detaled
physical and chemical characternistics of the waste
matrix would need to be gathered. Site selection
criteria would have to be developed for the receiving
site.

Information Needs

23.3 Underground Mine Disposal

2.3.3.1

Abandoned mines could provide sites for the
permanent disposal of radiologically contaminated
wastes. A conceptual layout of a mine disposal facility
is shown in Figure 6. This is one way to plan for
distance between the radioactively contaminated
material and the human population, although ground
water could provide a route for the contaminated
material to reach the population. Some research has
been done on the possibility of using mines for the
disposal of hazardous waste [12-14] and, more
specifically, for dioxin-contaminated wastes in
Missouri [15]. In the latter case, abandoned mines in
that state were examined. The results were

Description and Development Status

10

encouraging from a technical standpoint, but the
concept has never been implemented in the United
States.

The DOE s currently working on a mine repository for
radioactive waste called the Waste Isolation Pilot
Project (WIPP) in New Mexico. While this repository
15 designed for higher activity materials than most of
the Superfund matenal, the concept might be
applicable, particularly in hght of the possibiity of
volume reduction. Mine containment of hazardous
waste in Europe has been successful [16].
Multipurpose use of a mine for hazardous waste and
for low-level radioactive waste might be considered
and would likely reduce the per-unit costs of waste
disposal.

Underground mine disposal would not be appropriate
for radiologically contaminated bulk fiquids or
noncontainerized waste.

For mine disposal, as for any off-site disposal,
excavation of the contaminated matenals would be
necessary, and they would have to be transported to
an appropriate site.

Any of the waste volume reduction and solidification
or wvitrification techniques described in this document
might be used prior to mine disposal. Solidification or
vitrification of the material, whether or not the volume
has been reduced, could provide even more security
for final containment in the mine.

The principal drawback to the mune disposal option
may be cost. The use of an existing abandoned mine
might overcome that obstacle. With appropriate site
selection, there are few, if any, technical disad-
vantages to this option.

2.3.3.2 Potential Applicable Situations

Mine disposal might be considered for use for a
variety of radionuchde and matrix types. As noted
above, 1t could be used to dispose of wastes with or
without prior treatment, although volume reduction
and/or solidification or wvitrficabhon might facilitate the
process. Wastes that have been concentrated by
extraction or separation techniques may be
particularly appropriate for mine disposal, since they
are lkely to be more radioactive, requiring disposal
that 1s more remote and more secure.

2.3.3.3 Advantages and Disadvantages

Advantages - Mine disposal, if done properly,
should provide a very secure and remote containment
of radioactive wastes. This technology has been used
successfully in Europe for hazardous waste.

Disadvantages - The mine disposal of hazardous
radioactive waste may be among the more costly
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disposal alternatives, particularly if a mine must be
excavated for only that purpose. Wastes must be
excavated and transported with the associated permit
and safety concerns. The use of an abandoned mine
would involve the cost of reconstruction and may
pose safety hazards. Also, the ground water must be
protected.

23.3.4

As with most technologies, the waste being dealt with
must be carefuily characterized. The mine site must
also be carefully described and judgments made as to
feasibility or applicability on the basis of the
information gathered. For example, the hydrogealogy
must be known in detall, so that any ground water
contamination may be prevented.

Information Needs

2.3.4 Ocean Disposal

2.3.41

The concept of ocean disposal of low-level
radioactive wastes 1s not new. As shown in Table 3, a
sizable amount of these wastes was disposed at sea
between 1946 and 1970 [17].

Description and Development Status

The radioactive wastes that have been disposed at
sea were usually in concrete-filled drums or

Hazardous Waste
Storage Cells
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Conceptual view of a mine storage facility. (Reprinted from [13].)
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containers. Three sites were used in the Atlantic
QOcean. One was 12-15 mies from the coast n 300
feet of water near Massachusetts Bay. The other two
were in water deeper than 6,000 feet, one 150 miles
off Sandy Hook, NJ, and the other 105 miles off Cape
Henry, VA.

Two sites were used in the Pacific about 48 miles
west of San Francisco {17].

2.3.4.2 Potential Applicable Situations

Ocean disposal could be considered for tailings and
other radiologically contaminated soils that are free of
other hazardous wastes. This alternative shouid not
be considered for enhanced radioactive matenals or
concentrated residuals. Stabilization techniques could
be applied to the waste before emplacement to
provide for more secunty against leaks. For those
materials contaminated with hazardous chemicals, the
potential danger to marine biota must be evaluated.

2.3.4.3 Advantages and Disadvantages
Advantages - QOcean disposal offers the opportunity
for extreme solation of low-level radioactive waste.

Disadvantages - Transportation of the contaminated
materials will involve transter between land and sea. If



Table 3. Ocean-Disposed Low-Level Radioactive
Waste, 1946-1970

Number of Estimated actwity at time of

Year Containers disposal (in cunes)
1946-1960 76,201 93,600
1961 4,067 275
1962 6,120 478
1963 129 9
1964 114 20
1965 24 5
1966 43 105
1967 12 62
1968 0 0
1969 26 26
1970 3 3
Totals 86,758 94,673

the radioactive contaminants should be released, the
potential for dispersal and dilution 1s iImmense.

2.3.4.4 Information Needs

Detailled characterization of the matrix, including other
hazardous materials, would be required before ocean
disposal could be considered. lf solidification or
vitrification, as used in past disposal of radioactive
materials, were first applied to the waste, the
chemical compatibility of the solidification agents and
the waste would need to be determined. However,
solidification or wvitrification 1s not required; all that is
needed 1s an assurance that the material will reach
the bottom and will not stay suspended in the water.

2.4 Typical Costs of Disposal Methods

The cost of the application of any of the disposal
methods described in this chapter will depend upon
many factors, including waste and site characteristics.
Thus the costs cannot be estimated reliably for any
method and for any site at this stage, because most
of the prerequisite information s not available. it also
must be cautioned that many, If not most, of the
controlling factors will be site-specific. The cost for a
method at one site may be vastly different than for
the same method applied at another site. especially
when transportation costs are involved. Costs for
off-site disposal would include transportation as well
as disposal costs, and all but In situ options must take
into account excavation costs for the contaminated
materials. Those disposal methods requiring waste
treatment will involve treatment costs as well.

Despite the limitations and cautions, some typical
costs of disposal methods are presented in Table 4.
These costs are not intended to be applicable to any
particular site. Costs of returning “clean” treated
material to a site are not included.

12



Table 4. Typical Costs of Various Disposal Methods*

These costs are presented to give some typical costs under the referenced conditions. They are not
intended to be applicable to any particular site. Costs of returning “clean” treated material to a site
are not included.

Matenals & First Year

Remed:iation Method Costing Units Installation® O&M* Comments
Capping with clay?2 cum $13-200 $0.44
Vertical barrer slurry sqm $33-377 - Area units for
walib vertical face
Grout curtain cum $208-403 Cost for grouted

soil volume

Excavation and secure cum $276-895 $.045 -
land encapsulationd
Land spreading - No data found - -
New underground cum $399-942 $2.50-18.00 -
minee
Existing underground cum $185-523 $2.50-18.00 -
minee
Ocean disposalf cum $332-401 -

* Costs are mid 1980s. Costs are from different sources and may be derved from different
assumptions and therefore may not be directly comparable.

2 Low cost inciudes cost of capping only [11]. The matenal consists of radiation residues from
uranium processing and contammated soil. The high cost includes cost of excavation,
transportation, and legal assistance. Cost for site acquisition 1s not included. The materal consists
of contaminated solls.

b Low costs are for soft soll with 9m depth of excavation, and the high costs are for hard soil with
37m depth of excavation [3,9]. These costs are for hazardous waste. Specific soit conditions have
not been identified.

¢ Low costs are for Portland cement grout and high costs are for 40% sodium silicate grout in rocky
soi [9]. These costs are for hazardous waste; the specific soil condittons have not been identified.

d Low cost includes cost of excavation and transportation, but does not include cost for disposal site
acquisition [1]. Transportation costs are from Montclair/West Orange and Glen Ridge to a land
encapsulation cell in Glen Ridge. High cost includes cost of transportation and excavation, etc., but
does not include cost of disposal site acquisition. Transportation cost i1s from Niagara Falls, NY to
Hanford, WA [11].

€ Costs are for storage of nonradicactive hazardous waste. Specific conditions could not be identified
[15].

f Low cost includes cost of excavation and transportation to ocean dump site off New Jersey/New
York shore [11]. High cost includes cost of excavation and transportation to an undetermined
ocean dump site [1]. Matenal 1s radiologically contaminated soil.
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Chapter 3
On-Site Treatment

3.1 Introduction

This chapter discusses on-site treatment tech-
nologies that may immobilize radioactive
contaminants. These technologies include:

- stabilization or solidification
- vitrification

These technologies do not reduce the amount of the
contaminated material. However, they immobilize the
contamination in the waste maternal and limit the
spread of radioactive material.

Each of these is discussed below. The state of the art
of these on-site treatment technologies is shown in
Table 5.

3.2 Technologies of Potential Interest

3.2.1 Stabilization or Solidification

3.2.1.1

Solidification 1s a process that produces a monolithic
block of waste with high structural integrity. The
contaminants do not interact chemically with the
solidification agents but are mechanically bonded. A
stabilization process usually involves addition of
reagents, which limit the solubility or mobility of the
waste constituents. Solidification and stabilization
techniques are often used together [1].

Description and Development Status

The intent of solidificatton and/or stabilization of the
contaminated soil materials would be to limit the
spread of radioactive matenal via leaching, etc., and
to trap and contain radon within the densified soil
mass. While the contaminants woutd not be removed
and would remain active, the mobility of the
contaminants would be eliminated or reduced.

Waste materials at Superfund sites could be solidified
in two ways. One is to inject the solidifying agent into
the materials in place. The other is to dig up the
matenals and machine-mix them with the solidifying
agent. The solidified materials from the latter process
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could then be re-deposited on or off site
engineered containment systems [1,2].

n

In in situ sohlidification utilizing grout injection
technology, grout would be injected directly into the
soil containing the radicactive source materals
{Figure 7). This technique has been proposed by
DOE for by-product radioactive wastes [3]. If
successful, the materials would be solidified and
radon would be contained long enough to decay to its
daughters. The solidified material also rmught reduce
mobility of radioactive and nonradioactive
constituents; if not, the material would require
isolation. The solidification technique thus might be
better suited to matenals that are already buried
and/or capped.

In situ grouting for stabilization purposes requires
extensive and detaled characterization of the waste
matrix before the process is undertaken [Oak Ridge
National laboratories, staff, personal communications,
May 19, 1987]. Chemical grouts are better suited to
fine-grained soil with small pores, while cement
grouts are best for coarse-grained matenals. Greater
effectiveness might be achieved if both techniques
are used together: cement grouting first, followed by
chemical grouting. Lime and fly ash have been
injected together to stabilize abandoned solid waste
sites [4].

The second way to solidify the waste matenals 1s to
excavate and mix the waste with soldifying agents in
either a continuous or batch process {4]. Portland
cement, pozzolanic fly ash, or any of a number of
chemical fixation agents can be used in the process.
Bitumen ({asphalt), because of its excellent binding
and sealing properties, and its weatherability, can be
an effective solidifying agent.

Excavation and mixing would be followed either by
placing the solidified soil in containers or by bunal on
the site. The use of containers provides greater
assurance against release of radioactive matenals and
allows for flexible storage, either on- or off-site.
On-site bunal with or without containers would
require a soll cover of sufficient thickness to absorb
the gamma radiation.



Table 5. State of the Art of On-Site Treatment Technologies

Field
Demonstration  Radiologtcaity
Bench  Pilot with Contaminated
Laboratory Scale Plant Radioactive Site
Technology Testing  Testing Testing Matenal Remediation Remarks
Stabilization or solidification X X Proposed by DOE for low-level radioactive
waste
Vitnfication X X Freld testing by ORNL

Figure 7. Subsurface injection machine. (Reprinted from

[31)
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3.2.1.2 Potential Applicable Situations

Soliddfication could be considered for use in a varety
of situations. It offers the opportunity of leaving the
waste materials on-site in a relatively immobilized
state. It could be applied to materials with a range of
physical characteristics, and is particularly applicable
to highly porous and permeable matrices.
Solidification may be useful where increased material
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strength is desired, such as in a matrix of municipal
sohd waste.

For residential sites, the in situ method may not be
suttable, since maintenance of utilites would be
difficult. Also, it probably is insufficient to reduce
gamma radiation exposure substantially.

The injection sohdification technique i1s best suited to
materials that are already buried and/or capped and
may provide more security against the escape of
radioactive material entering the environment.

3.2.1.3 Advantages and Disadvantages

Advantages - Solidification may be abie to reduce the
release of radon and associated radioactivity to
acceptable levels at the waste site without removat of
matenals for off-site containment.

Solidification may also facilitate transportation and
off-site disposal of radioactive contaminants with the
use of containers, especially where volume reduction
or extraction techniques have been applied
previously.

Disadvantages - While solidification may work
initially, 1ts long-term effectiveness 1s not known.
Working agamnst the in situ soldification technique
may be the location and configuration of the
contaminated masses. If they are thin, discontinuous,
and at or near the surface, injection grouting would
obviously face significant difficulties. In situ
sohdification would be impractical for residential
areas. In situ solidification, as with other disposal
technologies, may trap the radioactivity, but does not
eliminate it. If other types of hazardous waste are
included in the waste, they may interfere with the
solidification process. Organic chemicals could be
particularly troublesome and could eliminate
solidification processes from further consideration.
Excavation coupled with solidification may be more
costly than excavating and land encapsulation.

3.2.1.4

Before a decision can be made concerning the
usefulness of the process for the site being
considered, detailled information on the matrix (e.qg.,

Information Needs



soil) and associated waste characteristics must be
known.

3.2.2 Vitrification

3.2.2.1

Vitrification is a process in which the contaminated
material is heated to its melting temperature, then 1s
allowed to cool and solidify to a glassy mass. In the
sintering process the contaminated material 1s heated
to produce a coherent mass without melting. The
process may be applied in situ or it may be applied to
material excavated and transported to a fixed process
site.

Description and Development Status

The in situ vitrification process has been
experimentally applied to soils by Battelle Pacific
Northwest Laboratories [5] with the intent of
potentially applying it to radioactive waste sites and/or
Superfund hazardous waste sites. The concept is
depicted in Figure 8. Presumably, the radionuclides
would be trapped, and some radiation would be
attenuated by the resulting materal.

Figure 8. In situ vitrification process. (Reprinted from [5].}
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Vitrificatton is a high energy consuming process. In
the in situ vitrification process, electricity 1s applied to
electrodes placed in the ground over the waste mass.
The ground and waste mass heat and melt, and the
melting zone grows downward. A hood to catch
gases is placed over the zone, and the gases are
treated or removed to prevent air pollution.

In the full-scale concept, electrode spacing would be
3.5 to 5 m, and the power required would be 3750
kW, for an expected vitrified mass of 400 to 800 tons

(51

An in situ pilot-scale experiment was completed in
the summer of 1987 at ORNL on natural soil spiked
with cesium and strontium to simulate the radioactive
contaminants. Results of this experiment are under
evaluation. In July 1987 an in situ vitrification process
was field demonstrated on a transuranic waste site at
Hanford, Washington. The results of this field
demonstration are being evaluated [Battelle
Northwest Laboratories, Personal Communication,
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February 1988; and ORNL, Personal Communication,
May 17, 1987].

The vitrification also could be performed on
excavated materials on site or off site in an electnc
furnace or in a rotary kiln [6]. In the first, the
matenals would be melted and poured into molds. in
the second, the contaminated materials are sintered
in a rotary kiln. While sintering may not necessarily
produce a solld monolithic mass, 1t may reduce
availability of the radioactive constituent for leaching
and therefore may be approprnate for containing the
radioactivity.

The products in either case are lkely to require an
engineered final disposal method.

3.22.2

The in situ vitrification process has been deveioped
specifically for application to iow-level radioactive
waste sites. particularly to be used by DOE in its
remediation programs. In situ vitrification works on a
variety of matenals to a limited extent.

Potential Applicable Situations

The effectiveness of the process i1s very different for
different radionuchdes and different chemicals. The
volatiity and mobility of the element or compound are
important factors in the applicability of the method.

3.2.2.3 Advantages and Disadvantages

Advantages - In in situ vitrification the matenals do
not require excavation; the process could be applied
to materials with minimal prior preparation. The
radioactive material is trapped in the vitnfied mass,
and releases to the environment are reduced.

Electnic furnace vitnfication on excavated matenal
would produce a glassy mass, which can be poured
into molds of some convenient siZze. The glassy
blocks might supplant waste containers or
solidification blocks. Such treatment might be a
preprocessing step to mine or ocean disposal. The
rotary kiln is significantly more energy-efficient than
the electric furnace.

Disadvantages - Many substances would probably
volatilize in the process, requiring gas collection and
treatment devices. Radon trapped in the material
matrix could be released durning the process, and
radum may volatilize. The use of the process in
residential areas may pose difficulties, including
problems in future underground utility repair work.
Even if this were to be successful, the witrified
material will remain radioactive. Additional shielding
may be required for protection from gamma radiation.
The vitrified material, if near the surface, may stil
require removal from residential areas.



Fixed plant vitrification on or off site would require
excavation and transport of the waste materials to the
vitrification site. This would add to the cost. The
rotary kiln may not be suitable for radioactive wastes,
as it does not produce a secure, solid, monolithic
mass.

3.224

Detaled waste characterization wili likely not be
required to make the process work. However, the
characteristics of the materials, including the matrix
and the contaminants, need to be known in some
detail in order to determine the volatilization
characteristics, so that control of off-gases may be
planned correctly.

Information Needs

3.3 Typical Costs of On-Site Treatment
Technologies

The cost of the application of any of the treatment
technologies described in this section will depend on
many factors, including waste and site characteristics.
Thus, the costs cannot be estimated reliably for any
technology and for any site at this stage, because
most of the prerequisite information is not available. It
also must be cautioned that many, if not most, of the
controliing factors will be site-specific.

Despite the limitations and cautions, some typical
costs for treatment technologies that immobilize the
radioactive contaminants are presented in Table
6.These costs are not intended to be applicable to
any particular site.
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Table 6. Typical Costs of On-Site Treatment Technologies*

These costs are presented to give some costs under the referenced
conditions. They are not intended to be applicable to any particular
site. Costs of returning "clean” treated matenal to a site are not

included. Costs are mid 1980s.

Treatment Matenals &

Technologies Costing Units Installation”
Stabilization/
solidification
{chemical fixation)2 ton $ 33 - 248
in situ vitnfication P cum $161 - 224
On-site
vitrification ¢ - $400 - 600

* Costs are from different sources and may be derived from different
assumptions and therefore may not be directly comparable.

2 Costs provided are for hazardous waste [1]. Specific soil conditions
could not be determined. Low costs are for in situ mixing; high costs
are for in-drum mixing. The solidification agent is silicate and
cement. The cost includes labor, equipment and material.

® These are typical estimated costs for hazardous waste [1]. Soil
moisture and electricity cost can increase the cost. Specific soil
conditions have not been identified..

¢ Cost includes excavation and on-site vitrification, but does not
include cost for disposal of slag [7]. The material is radioactive
residue from uranium ore processing. Cost increases with increasing
moisture and electricity cost.
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Chapter 4
Radon Control

4.1 Introduction

Although the main intent of this report is to
summarize technologies that might be used to
remove, contain, or immobilize the radioactive source
materials in Superfund sites, where radioactivity has
resulted from material processing or waste disposal
operations, there may be sites where 1t i1s more
desirable or logical not to disturb these materials, at
least for an interim period.

Control processes using ventilation are already used
to some extent to lower the radon concentration in
residences contaminated with naturally occurring
radon. Radon control from soil can be approached in
three ways: (1) radon reduction in homes through soll
gas ventilation; (2) electrostatic precipitator control;
and (3) areal ventilation from the soil above the
contaminated source mass. Each of these is
discussed below. Table 7 shows the state of the art
of radon control technologies.

4.2 Methods

4.2.1 Radon Control and Reduction in
Buildings

4.2.1.1 Description and Development Status

Radon may accumulate to unacceptable
concentrations indoors. EPA has provided guidance
that recommends action at levels above 0.02 WL (4
pCil) to reduce annual average exposure to below
those levels. Note in Table 8 that the average indoor
concentration is estimated to be 0.005 WL. Although
exposures between 0.005 and 0.02 WL do present

Table 7. State of the Art of Radon Control Technologies

some risk of lung cancer, reductions of these levels
may be difficult and sometimes impossible.

EPA has developed and implemented a program to
evaluate various methods to reduce radon
concentrations in residences [1]. The program s
aimed at developing cost-effective technologies for
reducing radon from naturally occurring sources in
existing and new homes of all structural types. The
first demonstration projects are underway in homes
located in Pennsylvania, New York, New Jersey,
Maryland, Tennessee, Alabama, and Ohio.

Radon reduction in homes is simple in concept. The
EPA program recognizes three basic methods:

(1) diversion of soil gas flow away from the
house;

{2) barners to prevent entry to the house; and

(3) reduction of concentration once it has entered
the house.

The techniques that may be used to implement these
methods are described n reference 2. The
techniques inciude sealing entry cracks In
foundations, forced ventilation of soil in and adjacent
to the foundation, and natural and forced ventilation of
the awspace inside the house. Examples of the
techniques that may be used are depicted in Figures
9 and 10. However, each house must be addressed
individually.

A variety of soill parameters influence radon
movement, including thickness, densities, specific
gravities, permeabilities, porosities, and moisture

Field Demonstration Radiologicaliy
Bench Scale Pilot Plant with Radioactive Contaminated Site
Technology Laboratory Testing Testing Testing Material Remediation Remarks
Radon Controf
- inhomes X X Reqguires
maintenance
- ESP control X X Requires
maintenance
- areal control X X Requires

maintenance
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Table 8. Representative Exposure to Radon-222 Progeny

Location Average WL* Average pCi/l*
QOutdoors 0.001 0.2
indoors 0.005 1.0

*WL = Working Level = a measure of exposure rate to radon

progeny. Under equilibnum conditions of radon and its
progeny, 1 WL equals the actvity of 100 pCv/l of ar. At
the equiibrium (50%) generally considered representative
of most indoor environments, 1 WL equals 200 pCul [2].

content. These parameters in turn affect the diffusion
and emanation coefficients of radon [3].

4.2.1.2 Potential Applicable Situations

Site-specific house remediation techniques for radon
levels are currently being demonstrated. The
techniques apply to radon emanating from the
underlying soit, whether the source is natural or a
man-made waste mass. Radon control from
buildings may be a viable interim technique while
considering and implementing source removal
alternatives.

4.2.1.3 Advantages and Disadvantages

Advantages - Radon reduction techniques for existing
homes can be simple, effective, and relatively
inexpensive. They may be temporary alternatives
while awaiting removal of the source radionuclides, if
this is being considered. However, in many instances,
the solutions can be relatively difficult and expensive
when the problem is not completely understood.
Costs can run into thousands of doliars for a house I
90 + percent reductions are needed, especially for
large highly-finished houses with poor sub-slab
permeability.

Disadvantages — Radon reduction techniques do not
affect the source of the radon, and therefore radon
production at current rates can be expected to
continue indefinitely. Thus, the reduction system must
be maintained for as long as the building is occupied
or the source is present. Radon removal systems do
not address gamma radiation problems, potential
ingestion pathways, or the potential for unearthing
existing contaminated material.

4214

Information needs include the levels of radon
concentration inside the structure, an inventory of all
the avenues of radon entry, the charactenstics of the
soil underlying the building, and the structural
characteristics of the building.

Information Needs
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4.2.2 Electrostatic Precipitators (ESPs)

4.2.2.1

Electrostatic precipitators (ESPs) are a form of indoor
arr cleaner. ESPs work on the principle that when
particles suspended in air enter an electrostatic field
they become charged and migrate under the action of
the field to the positive electrode, where they are
collected. The collected material is removed by
rapping the collecting surface to slough off the
particles. An ESP would be mstalled in a room or area
so as to maximize the ar contact. The ESP may
reduce the number of particles (e.g. dust and smoke)
to which radon progeny may be attached, resulting in
a reduction of radon progeny in the air. The health
effects of using ESPs in reducing radon progeny are
not known.

Description and Development Status

4.2.2.2 Potential Applicable Situations

ESPs have been used to reduce the radon progeny
levels in a store built with contaminated adobe bricks
[4]. The technique could be applied for buildings
where the source of contamination s building
materials or the underlying sol.

4.2.2.3 Advantages and Disadvantages

Advantages — ESPs are easy to install in rooms or
enclosed areas.

Disadvantages — ESPs do not affect the source of
the radon. The reduction system must be maintained
for as long as the building is occupied or the source
s present. The ESPs do not reduce gamma radiation.
The health effects of using ESPs are not known.

4.2.2.4

Information needs include the level of radon and
radon progeny concentrations inside the room or
area; the structural characteristics of the building; and
arr flow, volume, and pattern.

Information Needs

4.2.3 Soil Gas Venting and Areal Control

4.2.31

The term "soil gas venting," as used In this section,
refers to technmiques that may be apphed across the
entire area of gas production. For example, the gas
extraction that 1s now relatively common in and
around municipal solid waste landfills fits in this
category.

Description and Development Status

Soll gas venting has been used to remove methane
from municipal waste landfills and to remove organic
vapors from underground leaks of organic
compounds. Both active systems, where a fan or
pump i1s used to induce gas flow, and passive
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Figure 10.

Sub-slab ventilation. (Reprinted from [2].)
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systems, which rely on the natural flow, have been
used to vent soil gases. These types of systems
might be applied to vent radon from soils where radon
diffusion and migration occur.

In landfill soil gas venting, a narrow perforated pipe Is
installed in the center of the extraction well and
backfilled with coarse rock. The upper part of the well
is sealed around the pipe with impervious material to
prevent air from being pulled into the well, as shown
in Figure 11. The perforated pipe is connected to a
header system and fan to extract the gas. Gas
withdrawal rates vary widely from site to site
depending on the rate of methane and carbon dioxide
generation and the landfill’s porosity [5].

Figure 11. Gas extraction well for landfill gas control.
(Reprinted from [4.)
b Gas Flare
Exhaust Blower
Impervious Backfill
= | =" Perforated Pipe
’
Gas Flow =D N | ¢ GasFlow
L= Permeable Material
SRR

Based on the same general principle, Terra Vac has
successfully removed volatile organics from the soil at
several sites in the United States. Terra Vac utlizes a
vacuum pump to apply vacuum to the soil through
wells, causing an in situ air stnpping of volatile
organic compounds. The extracted gases are
discharged to the atmosphere through an activated
carbon bed which adsorbs most volatile organics [6].

If used for radon removal, direct venting to the
atmosphere may be appropriate. In some cases, the
highly concentrated radon in the vented gas may be
of such quantity that it cannot be released to the arr
immediately. In this case, the gas can be passed
through a packed bed of activated carbon. Since soll
gas tends to be saturated with moisture (1 - 2% by
volume) the retention capacity of the carbon s
somewhat reduced. At 20°C, activated carbon can
adsorb 5000 to 9000 cc of radon-bearing arr per
gram of carbon depending on the type of carbon,
temperature, and flow rates [7]. However, over years
this could cause the carbon to become a low-level
radioactive waste.
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Active soil gas venting has also been applied to
remove organic vapors from soil. In this remedial
technology, soil gas is drawn from a well or set of
wells constructed near one edge of the contaminated
zone. To better induce the flow of vapor and to dilute
the vapors, another well or set of wells is constructed
on the opposite edge of the zone. By drawing air from
one set of wells, a flow gradient is established across
the contaminated zone, and vapors are drawn off [8].

Another type of active gas ventilation system, which
relies upon pumping air into the soil at one location
and pumping gases out at another location, may be
more effective than other methods [9]. Figure 12 is a
schematic diagram of this system.

Passive soil vent systems are relatively simple and
inexpensive to construct and operate. However, they
may be less effective than active systems in
removing sail gas since much less gas flow occurs.
The passive flow would be caused by barometric
pressure changes and dwurnal temperature changes
that affect soil gas movement.

The effectiveness of any soil radon removal system 1s
likely to be very site-specific, depending largely on
the porosity of the soil, soil moisture content, the
distribution of radium n the soil, and the
chemical/physical matrix contaning the radium. For
example, If the radum were contained in a tightly
compacted and/or wet matnx, the radon would not
diffuse readly and probably would remamn trapped
until it decayed to tts progeny. It should be noted that
radon should not be removed from soill gas unless it
is a proven source of indoor radon for an on-site or
a nearby occupied structure. Radon in subsurface
soil, unhke methane, presents no fire or explosion
potential.

Even though soil gas venting is a popular
methodology for dealing with volatile organic
chemicals (VOC) in the soil and/or ground water, it
has some large potential problems in radioactive
applications. Thus method has been shown to be in
violation of some State radiation emission standards,
and charcoal beds may collect more than exempt
quantiies of radon decay products, making them
hcensable or registerable under State radiation
statutes. Moreover, when these charcoal beds are
incinerated to remove the VOC, they may impact
Department of Transportation (DOT) regulations for
radioactive materials (transport to out-of-state
incinerator) and may impact a second state’s
radionuchde emission standards (at the incinerator).

4.2.3.2 Potential Applicable Situations

Radon gas venting from a radioactive waste site
could be applled where the matenals are highly
porous (high permeabillity) and the radon could move
freely to the extraction point. Sweden has used soil
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Velocity
Pressure Head
Velocity Sample
Port Port
Stand Pipe 2" PVC
- 2" 1D Pipe
Vapor
l Al\;VI:IIIet Recovery
_ Ground Surface Well
Pitot

Grout
Seal

14’

Pea
Gravel

————— Total Depth of Well Bore 20’

gas venting for radon removal in small areas for
venting naturally occurring radon.

4.2.3.3 Advantages and Disadvantages

Advantages ~ Radon venting might supplant other
remediation techniques. The entire operation could
take place on the site without disturbing surrounding
properties. It may be relatively low 1in cost.

Disadvantages - The radionuchde source matenal
would remain in place. As long as 1t does, the radon
removal system would have to operate, since radon
would be produced indefinitely. The system would
require a long-term maintenance program.

The soil, if it is not totally uniform and highly porous,
would probably not be vented uniformly. Also,
absence of sufficient data on this approach makes it
somewhat unpredictable. This method does not
address gamma radiation. Adsorbing radon onto
carbon in large quantities may be unworkable. Areas
with a high water table may generate large quantities
of radioactively contaminated ground water, which
must be treated and/or disposed.
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Schematic diagram of a forced air venting system. (Reprinted from [9], Courtesy of American Petroleum Institute).
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4.23.4

The waste site would require detailed physical
characterization in order to determine if the areal
venting concept is practical and feasible.

Information Needs

4.3 Typical Costs of Radon Controls

Rough estimates of costs are provided in "Radon
Reduction Techniques for Detached Houses -
Technical Guidance" [2] for various radon reduction
techniques for residences. The cost estimates are
based upon the experience of EPA and a number of
investigators. A summary of these rough estimates is
included in Table 9.

Typical capital costs for sol gas venting systems
range from $10 - $12 per cu m for shallow VOC
deposits (at less than 20 feet) [10]. The cost includes
site preparation, drlling, piping, blowers, electricals,
decontamimnation and demobilization. The typical
operating cost for a soil gas venting system s $12 -
$14/cu m/yr. The operating cost includes cost of
electricity, carbon, water, and labor.



Table 9. Typical Costs of Various Radon Reduction Techniques in Existing Homes [2]

Reduction Technique Operating

Installation Cost (3)

Annual Cost ($)

Natural ventilation 0
Forced ventilation 50-1000
Forced ventlation with heat 800-2500

recovery

Avoidance of apphance
depressurization

Sump ventilation 800-2500

100-300 (install ducts)

1.1 to 3 X normal heating cost

11 to 3 x normal heating cost
+ $275/yr for electricity

1.1 t0 2.0 X normal heating
cost + $30/yr for electricity

small

$130/yr

(contractor-installated)

300

(home owner-installed)

Sealing entry routes 300-500

Drain tile ventilation

1500-250
900-2500

Active wall ventilation
Sub-slab ventilation

700-1500 (contractor)
300 (home owner)

low
$130/yr$

$230-460/yr$
$130/yr$

* For average sealing. A comprehensive sealing job would run much higher.
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Chapter 5
Chemical Extraction

5.1 Purpose

There are several separation techniques that have the
potential to clean radiologically contaminated soils and
tailings. The objective of these technologies would be
to concentrate the radioactive contaminants, thereby
reducing the volume of soill for disposal. Chemical
extraction is one type of separation technology, which
uses chemicals to extract the radionuclides from soils
and tailings. Other separation technologies that might
be used to clean soils and tailings are discussed in
Chapters 6 and 7 of this report.

The chemical extraction technology generates several
soil fractions. One or more fractions contain the
concentrated radioactive contaminants; the other
"cleaner” soit fractions may contain unextractable
traces of radioactive contaminants.

The concentrated radionuclide-contaminated soil
fractions would require off-site disposal. The intent
could be to return the “cleaner" soil fractions, which
would be a major pertion of the soil by volume, to the
point of origin (the original excavation). Standards for
returning the cleaner soil fractions to the point of
ongin do not currently exist.

it should be emphasized that none of the chemicai
extraction techniques have been demonstrated at full
scale to remove radionuclides from waste masses.
Many of these techniques are used in ore
beneficiation processes to remove a single
constituent. The waste soils often contain radium,
thorium and uranium, which must all be removed. The
real practicability of these techniques to remove
radionuclides in a field application remams to be
demonstrated. The various potential chemical
extraction techniques are discussed in this section.

5.2 State of the Art

Concern about environmental and health problems
related to uranium mill tailings has resulted in an
extensive study of methods for extracting
radionuclides from soils and uranium mill tailings.
These studies were initiated in order to examine the
migration characteristics of radium in contaminated
soils and uranium mill tailings, and to examine
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chemical extraction as a potential method for tailings
remediation {1-4].

References at the end of this section contain reviews
of those techniques with the potential for cleaning
radiologically contaminated soils and mill tarlings.
These include extraction with:

- water

- Inorganic salts

- mineral acids

- complexing reagents

There are notable differences in the extractability
rates of these methods. These extractability
differentials are caused by the types of soils, ores,
and tailings studied as well as varying conditions
within and between the methods. There also have
been occaswonal inconsistencies in results obtained
under similar expenimental conditions. In spite of
these differences and inconsistencies, significant
trends in each method are evident and are reported
here.

Though the chemical extraction technologies have
been extensively used in extraction of uranium from
mineral ores, their use in cleaning contaminated soils
and tailings to acceptable limits has been limited to
laboratory and pilot plant testing. Table 10 shows the
state of the art of the chemical extraction tech-
nologies. The applicability of these technologies
would be controlled by site-specific factors, and their
capability must be determined on a site by site basis.
Research and development activittes would be
necessary prior to full scale mobilization of these
technologies for site cleanup.

5.3 Technologies of Potential Interest

This section discusses the four chemical extraction
techniques listed previously. These technologies
produce an extractant containing a radionuclide,
which must be treated to concentrate and coliect it for
disposal. This section also discusses the following
chemical methods for separation and collection of
extracted radionuclides from the extractant:

- Precipitation and coprecipitation



- Solvent extraction
- lon exchange

Membrane filtration, which is a physical method used
to separate and collect the radionuclide from the
extractant, is briefly discussed in Chapter 6 of this
report.

5.3.1 Extraction of Radionuclides from Soil or
Tailings with Water
5.3.1.1 Description and Development Status

This process would use water to extract the
radionuclide contaminants. Contaminated soil or
tailings would be mixed with large quantities of water.
The water, with the soluble radionuclide, could be
separated from solids by a combination of physical
separation methods described in Chapter 6.

The radionuclide would then be extracted from the
liquid by coprecipitation, solvent extraction, or by ion
exchange (discussed later in this chapter).

Water solubility studies have been performed
primarily to examine the leachability of radionuclides
from sois and mill tallings [5-9]. Extraction of
uranium from water i1s also being studied [10-13],
even for uranium concentration less than 3 ppb.

The water solubility of radium salts vanes. Chloride,
bromide, nitrate, and hydroxide are water soluble,
while fluonde, carbonate, phosphate, biphosphate,
and oxalate are only slightly soluble.

The sulfate 1s essentially insoluble in water and dilute
acids but 1s soluble in concentrated sulfunc acid
(H2SQ4). Radium sulfate is the least water soluble of
the alkaline earth sulfates and probably the least
water soluble radium compound known. Barium
sulfate is only slightly more soluble than radium
sulfate. The water soluble salts of thorium include
nitrate, sulfate, chloride, and perchlorate. Most
prominent of the insoluble thorium salts are
hydroxide, oxide, fluonde, oxalate, phosphate,
peroxide, and hydnde. Uranium salts that are soluble
in water include bromide, chloride, carbide, sulfate,

Table 10. State of the Art of Chemical Extraction Technologies

and hexafluoride. The key insoluble uranium salts are
oxide, tetrafluoride, and tribromide.

The extraction of radium from soil is dependent on
the liquid to solid ratio and optimum time for leaching.
Reference materials in this area [5-7] indicate that a
15-minute leaching time removes the optimum
amount of radium; the incremental amount extracted
declines after that time to almost no extraction after 2
hours.

Generally, the extraction of radium with deionized
water removes less than 10 percent of the cation
from the samples studied. As little as 0.1 percent [8]
has been extracted, but as much as 40 percent has
been removed [6] under exceptionally high liquid to
solid ratios (10,000:1). In one study [9] water
removed 75 percent of the RaSO4 from very fine (-
150 mesh) slime solids. The removal of thorium with
water was reported to be 3 percent in a study of
uranium mill talings (4.5 percent radium and 22
percent uranium were removed), but the water was
probably acidic as a result of H2S0O4 1n the mill pond
from the uranium leaching process [12]. Soil samples
from the sites of former radium extraction companies
in Denver, Colorado and East Orange, New Jersey
that were extracted with water released only 0.1 to
2.3 percent of the radium present and less than 1.5
percent uranium [8].

A detailed mvestigation of corresponding experiments
carried out in Japan, West Germany, and the U.S.
has led to the development of specific plant concepts
for extracting uranium from sea water {10,11,13].

The typical cost of extracting uranium from sea water
is around $300/Ib. However, enormous cost
differentials, ranging from $11 to $1,400/lb, have
been reported {13].

5.3.1.2 Potential Applicable Situations

This method of extraction has not been demonstrated
in the field for cleaning soil or mill tailings. Laboratory
testing 1s needed to identify an applicable situation.
Since many of the soil cleaning techmques use water
as part of their process, this method can be used as

Field
Demonstration Radiologically
Bench  Pilot with Contaminated
Laboratory Scale Plant Radioactive Site
Technology Testing  Testing Testing Matenal Remediation Remarks
Chemucal Extraction
- With water X X
- With inorganic salts
- With mineral acid X X X Used in extraction of radium, thonum and
uranium from ores

- With complexing agents X X b Used in extraction of uranium from ores
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pretreatment. Presence of sulfate in the soil will
decrease the amount of radium that can be extracted.

5.3.1.3 Advantages and Disadvantages

Advantages - The main advantages of using water
are that it is very inexpensive, completely nontoxic,
uses ambient temperatures, and utilizes simple
extraction vessels. The technique can be used to
dissolve some radionuclide salts. It can be used as a
pretreatment technique to reduce interference at
subsequent extractions.

Disadvantages - This method requires a large
quantity of water. The process is relatively ineffective
for removing radioactivity from soils; less than 10%
removal for radium and virtually none for thorium has
been demonstrated.

5.3.1.4 Information Needs
Extraction with water requires the following
information:

- Physical, chemical, and mineralogical

charactenstics of the soil.

- Radionuciide concentration for each particle
size fraction.

- Amount of water available.

- Water analysis for total suspended solids, pH,
hardness, background radiation, etc.

5.3.2 Extraction of Radionuclide from Soil and
Tailing with Inorganic Salts
5.3.2.1 Description and Development Status

Radionuchde contaminants can be extracted by
thoroughly mixing soil and mill taihngs in a solution
containing norganic salt. The slurry s filtered,
separating the extractant from the solid. The
radionuclide contaminant is separated from the
extractant by ion exchange, coprecipitation, or
membrane filtration [4]. No field demonstration of soil
cleaning using this process has yet been attempted,;
all the research work so far consists of laboratory
experiments.

A review of the Iterature indicates a broad range of
results with the use of salt solutions to remove radium
and thorum from mill talings and soills. In many
cases the effectiveness of a given sait appears to be
related to several obvious vanables, such as the
nature of the tallings or soil (geochemistry,
radionuclide concentration, method of extraction,
particle size distribution, and chemical composition),
the concentration of the salt solution, temperature,
pH, solid to liquid ratio, time, and temperature [3-
7,9,12,14-16].

An increasing ratio of salt solution to solid, as with
water, plays a positive role in the effectiveness of the
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salt solution in removing radionuclides from ore
tailings and soils [3,5,9]. Multistage extraction
increases the effectiveness of the radium extraction
essentially by increasing the ratio of solution to solid
[4,5,15]. One study [12] reported as little as 0.4
percent of radium removed from radium mill tailings
with 0.1 M sodium chlonde (NaCl). On the other
hand, another study {4] reported 94 percent removal
with a 3 M NaCl solution at room temperature in a
three-stage process using 20 Iters of solution per
kilogram of tailings, and 90 percent with 1 M NaCl. In
another study 50 percent of the radium was removed
in a single-stage extraction with a 3 M NaCl solution
{5]. Using 3 M potassium chioride (KCI), 91 percent
of the radium-226 was removed in a two-stage
leaching process at room temperature [16].

The extraction of thorium by sait solutions has
received less attention than the extraction of radium.
One study [12] reported that, while 13 percent of the
radium was removed from uranium mill tallings with a
0.1 M NaCl solution, only 0.02 percent of the thorium
was removed. In another experiment, no thorium was
removed by a 3 M NaCl solution, while 62 percent of
the radium was extracted. However, a study of
various inorganic phosphates [17] indicates that 60-
80 percent of both radium and thorium can be
removed by sodium hexametaphosphate {(NaPQ3)g)
from a fine particle fraction (-200 mesh) of uranium
tailings that were produced by leaching with HoSQO4.
The study also indicated that salt interferes with the
removal of uranium during the HsSQ4 extraction
process. Other phosphate salts (orthophosphate,
pyrophosphate, tripolyphosphate) were not effective in
extracting thornium from the tailings.

The ability of the salt to extract radium or thorium 1s
primarily reflected in the solubiity of the compound or
complex that it forms with radium and thorium. The
presence of sulfate in soil greatly affects the ability of
the norganic salts to extract radium, since the radium
sulfate that 1s formed i1s the least soluble radium
compound encountered in mill tailings. Hydroxide 1s
the analagous anion in thorium chemustry since
thorium hydroxide 1s the least soluble thorium
compound encountered. It is reported in one study of
uranium mill tailings [3] that the radium-leaching
power of several anions decreases as follows: ClI° >
NO3 > HCO3 > HO4 > PO43. It was also
found that washing to remove soluble sulfates before
radium leaching helps dissolve the radium.

The effectiveness of aluminum salts in dissolving
radium and thorum 1s minimal, probably as a result of
the hydrolysis of the cation, producing a gelatinous
precipitate that retains radium by adsorption. This 1s
particularly important since many soils and tailings
contain aluminum and similar cations. The barium
cation also was found to be less effective than
sodium in solubilizing radium, supporting the
hypothesis that an insoluble barium radium sulfate



(Ba(Ra)SQOy4) salt is a major form of radium in most
mill tailings. [5]

The barium cation would be expected to be effective
in releasing radium bound by adsorption on particles
containing metal hydroxides, silicas, and clays but
ineffective in solubilizing the Ba(Ra)S0a4.

The effectiveness of cations of various salts in
releasing radium decreases in the following order [3]:
Cs™>Ca*?> Mn*2> NHg™ > K* > Na* > L+,

5.3.2.2 Potential Applicable Situations

Inorganic salt extraction has not undergone field
demonstration for cleaning radiologically contaminated
sites. Laboratory or pilot plant testing will be needed
to identify applicable situations. The presence of
sulfates in the soil will greatly affect radium removal,
as sulfates will form radium sulfate, the least soluble
radium compound. The presence of hydroxide in soils
and tailing will similarty affect thorium removal. The
use of salts interferes with the removal of uranium by
sulfuric acid. This process should not be used as
pretreatment to an acid extraction process.

5.3.2.3 Advantages and Disadvantages

Advantages — A high percentage of radium and
thonum may be removed. Processes may operate at
ambient temperatures. Most salts are relatively
innocuous. Simple extraction vessels are required.
Recycling of salts may be possible.

Disadvantages - Large amounts of salts may be
required with large solution-to-sohd ratios. Some
salts, such as chlonde, may be environmentally
undesirable.

53.24

For extraction by salt solution, the following
information 1s required.

Information Needs

- Physical, chemical, and mneralogical
characteristics of the soil.

- Amount of water available.

- Water analysis for total suspended solids, pH,
hardness.

- Background radiation, etc.

5.3.3 Extraction of Radionuclide from Soil and
Tailings with Mineral Acids
5.3.3.1 Description and Development Status

Historically, radium has been extracted from carnotite
ores with mineral acids — HoSOy4, hydrochloric acid
(HC, or nitric acid (HNO3) [18,18]). Under favorable
conditions, up to 97 percent of the radium was
removed. Thorium ores are extracted industrially with
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(among other reagents) fuming H2>S04 or HNQO3 [20].
Uranium is also extracted from mineral ores by acid
leaching {21].

Sulfuric acid, rather than hydrochloric or mitric acid, s
commonly utihzed for leaching in uranmium extraction
due to 1ts less corrosive nature and lower costs.

In all these processes the ores are ground to 28
mesh and mixed with water to form a slurry. The
slurry 1s pumped into a leach circuit, maintaining a
pulp consistency of 50 percent solids. The solids are
separated from the leach liquid by physical methods.
The radionuclides are removed from the leach
solution by ion exchange, solvent extraction, or
precipitation [21].

It appears from a survey of recent reports on the
extraction of radium and thonum that these metals
are readily extracted by several mineral acids from
soils and soil components [3,5,7,22], ores. and ore
tailings [8,9,14,15,23-28]. Although fuming H2SO4 1s
used In industrial processes for the removal of
thornum from ores as soluble thorium sulfate
Th(S04)2) [20}, one would not expect the acid to be
useful for the extraction of radium, considering the
insolubility of radium sulfate (RaSQ4). However,
RaS04 1s somewhat soluble in concentrated H>SO4
[29], and several studies have indicated that the hot
acid will remove between 70-80 percent of the
radium and 80-90 percent of the thorium from
uranium mill taihngs [24,28]. A recent study [25]
demonstrated that between 14-40 percent radium
can be removed from uranium ores by dilute HoSO4
in a countercurrent process at 72°C, in the presence
of oxidizing agents; approximately 86 percent of the
thorrum was removed.

Nitric acid has proved to be very efficient in the
extraction of radium and thonum [9,26,30]. Generally,
the best results with ores and ore talings have been
achieved with approximately 3 M HNO3 solution at
temperatures between 70° and 80°C for about 5
hours in two- or three-stage processes with
hquid-to-sohd ratios of 2:1 to 4:1. For example, 97
percent radium and 99 percent thorium were removed
from uranium ore or ore tailings (HoSQ4 or carbonate
leached) with 3 M HNOg3 at 70°C in a two-stage
process, with a reaction time of 5 hours [26]. Over 99
percent of the uramum was also removed from the
ores. The resulting Ra-226 level was as low as 17
pCi/g, and the thorum level was 7 pCi/g [26]; the
taillings before mtric acid extraction contained 716
pCi/g Ra-226 and 88 pCi/g Th-230, respectively.

Similar results were achieved using HNOg3 with ores,
slimes, solids, and sand tailings [9], with 89 percent
removal of radium wn a one-stage process with 6
percent solid loading. A six-stage, batch
crosscurrent process [31] removed 98 percent of the
radium from ores and tailngs with a final Ra-226



level of 10 pCi/g. Remarkably similar results have
been obtained with HC! solutions [9,8,23,25]. Like
HNO3 extractions, the best results occur with 1.5 to 3
M HCI at about 70°- 85°C with multiple extractions.
Ninety-three percent of radium (< 28 pCi/g) and 86
percent of thorium removal was achieved in a four-
stage, countercurrent process in the presence of
other oxidants [25].

More than 95 percent of the radium was removed
with 3 M HCI at 85°C in one hour with a liquid-solid
ratio of 4:1 [9] and 92 percent radium-226 was
removed with 1.5 M HCI at 60°C in a three-stage
leaching process with a 4:1 solid to liquid ratio [23].
Depending on the size of the soil particles and the
nature of the soil, 27% to 100% of Ra-226
extraction has been demonstrated in the laboratory
from soil contaminated with radium mill tailings using
0.1 M HCI.

Combining dilute acids with inorgamic salts has
produced leaching solutions that achieve results
similar to those of the more-concentrated acid
solutions [9,14,15,27]. Mixed NaCl and HCI solutions
were used to extract radium from mill tailings [9,14].
In a three-stage process (30 minute stage) 94
percent of radium was removed with 0.3 M NaCl in
0.1 M HCI at 25°C [14]. Calcium chloride (CaCly) in
HCI has produced very good results even at room
temperature. Removal of 96 percent of the uranium,
97 percent of the radium, and 75 percent of the
thorium with 0.045 M CaClo in 0.125 M HCI at room
temperature in a two-stage leaching process has
been reported [27]. A 91 percent removal of Ra-226
and 79 percent removal of Th-230 were obtaned
from tailings with 1 M CaCla in 0.1 M HCI at 21°C
and a 2:1 liguid-to-solid ratio with 30 minutes
contact time.

An acidic environment would be expected to have a
positive influence on the release of cations such as
radium and thorium from soils and tailings that have
the potential to bind metal ions. This 1s especially
important in determining the extracting power of
various acid solutions on ores and tailings, since most
of these materials contain soll particles with a large
amount of amorphous silica (up to 90 percent) and
hydrated metal oxides such as aluminum and iron
oxides.

Adsorption on surfaces of amorphous silica or
hydrated metal oxides Is strongly affected by the
acidity of the environment [2,3]. The surface charge
of silica is positive at pH <1, i1s zero between pH 1
and 3, and becomes progressively more negative
above pH 3 [2].

Hydrated metal oxides that have aged will not readily
dissolve in acid solutions, but an increase in acid
concentration will diminish the number of oxide sites
available for binding [3], thus enhancing the
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dissolution of radium and thornium. Natural organic
acids, such as humic and fulvic acids found in solls,
tend to decrease their binding capacity thus
increasing the dissolution of radium and thorium.
Increased concentrations of HNO3 and HCI also will
promote the dissolution of Ba(Ra)S0O4. With
increased concentration, the salt dissolves Iin water
with the formation of barium hydroxide (Ba(OH)o), a
shightly soluble base, and the more soluble radium
hydroxide (Ra(OH)2), which are converted by the
acids to more soluble salts, barrum chloride (BaClo)
or barium nitrate (Ba(NO3)2) and radium chloride
(RaClo) or radium nitrate (Ra(NOg3)2) [25].

5.3.3.2 Potential Applicable Situations

Mineral acid extraction techniques are being
developed and have been used to extract radium,
thorium, and uranium from mineral ores. Improvement
to these acid extraction processes has been
demonstrated in the laboratory. These demonstrations
show that the acid extraction processes can remove
most of the metals, both radioactive and
nonradicactive, and therefore may be applicable for
cleaning radiologically contaminated sites.

5.3.3.3 Advantages and Disadvantages

Advantages — An advantage of extraction with acids is
that a high percentage of radium and thorium removal
IS possible. Uramum and other metals would also be
removed. These processes require relatively small
iquid-to-solid ratios  compared to extraction with
water or inorganic salts, thus requiring less pumping
power and smaller holding and reaction vessels.
Costs can be reduced if the acids are recycled.

Disadvantages — The main disadvantage of this
process would likely be the increased operating and
capital costs due to expensive reagents, higher
operating temperatures, and the stainless steel
reaction vessels and pipes needed because of the
corrosiveness of acid. A multistage process s
needed, which adds to the costs. A major
disadvantage of these techniques s that the anions,
such as NOj3™ or Cl, are environmentally
undesirable. The resulting chemically leached matenial
may create a waste stream that 1s more harmful than
the original tailing mixture.

53.3.4

The analyses and requirements listed below are
required in implementing treatment procedures.

Information Needs

- Physical, chemical, and mineralogical
characteristics of the soul.

- Radionuclide concentration in each particle
size fraction.

- Amount of water available.



Water analysis for total suspended solids, pH,
hardness, background radiation, etc.

5.3.4 Extraction of Radionuclides from Soil
and Tailings with Complexing Agents
5.3.4.1 Description and Development Status

This process differs from acid extraction in that
complexing agents like EDTA (ethylenediamine-
tetraacetic acid) are used instead of mineral acids.

Radium forms stable complexes with many organic
ligands (a molecule or anmon that can bind to a metal
ion to form a complex). For that reason, several
complexing agents have been investigated as
potential candidates for extraction of radium from
uranium mill tailings [3,9,3-34] and, in one case,
from soils [35]. Thorium 1s not likely to be removed
by complexation.

Several successful radium extraction tests with
complexing agents have been reported. Up to 92
percent (to 40 pCi/g) of radium content was removed
from mill tailings using 0.15 M Nag EDTA at 60°C, pH
10, and a liquid-to-sohd ratio of about 7/1 In a
three-stage process [23]. After collecting the Ra as
Ba(Ra)S04, the EDTA was recovered for reuse by
lowering the pH. Another study [33] removed 80-85
percent of the Ra with a 0.04 M EDTA solution at pH
10, 23°C, and a liquid-to-sold ratio of 2:1. A pre-
wash with water (25 l:kkg) removed calcium sulfate
(CaS0y4), which tends to interfere with the extraction.
Using 6.65% sodium diethylenetnaminepentaacetic
acid complex (Nag DTPA), another study ([34]
reported removing up to 85 percent of the radium.
The crosscurrent or countercurrent process used in
this study obtained maximum yields after 2 hours at
20°-25°C with a hquid-to-sold ratio of about 9:1.

A recent study [32] described a reducing-
complexing treatment for the leaching of radium from
uranium milt talings. A reducing agent, sodium
hydrosulfite (NapS»04), is added in order to reduce
Fe*3 and similar cations. Using 0.04 M Nap EDTA,
0.04 M Na»S204 and 1 M KCI (to mask the
adsorption sites on silica) for 1 hour at pH 10 with a
hquid-to-solid ratio of 10:1, 87 percent of the
radium was removed, leaving 44 pCi/g in the residue.

Adopting a procedure of keeping the hquid-to-solid
ratio nitially high and slowly adding the taillings to the
leach solution had a major effect on radium
extraction, reducing the residue from 44 to 31 pCi/g
radium. A comparison with several other complexing
agents using 0.1 M solutions of the agents under the
same conditions was made: Citrate removed 67
percent to 120 pCi/g, and nitrilotriacetic acid (NTA)
removed 85 percent to 48 pCi/g. Note that these
solutions are 2.5 times more concentrated than the
Naos EDTA solution (0.04 M). This study also reported
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the recovery of 92 percent of the Nap EDTA by
bringing the leach solution to pH 1.8.

Most of the studies of radium extraction with
complexing agents have been with EDTA. Radium
extraction during leaching is improved by keeping the
radium concentration low in the solution, particularly
in order to shift the equilibrium representing the
dissolution of Ba(Ra)SO4 [3].

One would expect thorium extraction to be assisted
by complexing with EDTA or another suitable
complexing agent. Leaching of radium with EDTA s
generally performed at pH 8 and 10. Unfortunately,
above pH 3 thorium forms a very insoluble hydroxide
whose formation competes with the formation of the
thorium EDTA complex. Thus, at a pH where the
formation of an EDTA complex with thorium would be
favored, the thorium cation 1s not avalable for
complexation.

Other cations found In sols and tailings, such as
Fe*? and Ti*% behave n a similar fashion and
compete with Ra*? dissolution by forming insoluble
hydroxides that adsorb the cation. Studies [3] have
determined that the resuit of these competing
equilibria will prevent the dissolution of radium with
EDTA. But with the appropriate reducing agent,
Fe*3, Ti*% and simiar cations will be reduced to
lower oxidation states that tend to form more soluble
hydroxides.

The radium EDTA complex formation will then
compete favorably with hydroxide formation, causing
the hydroxides to be solubtized, releasing radium
adsorbed on these matenals [2,3]. Thorium cations
are not reduced to lower oxidation states,
subsequently forming more soluble hydroxides.
Therefore, radium extracttion would be assisted by
prior extraction of thorium.

5.3.4.2 Potential Applicable Situations

This method of extraction has not been field
demonstrated for radiologically contaminated soils and
tailings. Laboratory experiments show that radium
forms stable complexes with EDTA, suggesting its
potential for application in cleaning radium from soils
and talings with low concentrations of thonum. Soils
and tailings with high concentrations of thornum may
require prior extraction of thorium before using this
technique to extract radium.

5.3.4.3 Advantages and Disadvantages

Advantages - One of the main advantages of
extraction of radionuclides with a complexing agent
would be the expected high percentage of radium
removal. Low reagent concentrations are required,
and the reagent can be recycled, thus reducing
operating costs. The process works at ambient



temperatures, and many of the reagents are
innocuous. Therefore, expensive materials such as
stainless steel for vessels and piping would not be
needed.

Disadvantages — Complexing reagents are very
expensive. This process would not remove thorium,
therefore, other processes might be required to
remove thorium prior to the removal of radium by
complexing agents. A multiple-stage process is
probably required, adding to the capital and operating
cost.

5.3.4.4 Information Needs

The following information is required prior to
extraction with complexing agents.

- Physical, chemical, and mineralogical
characteristics of the sail.

- Radionuclide concentration in each particle
size fraction.

- Amount of water available.

- Water analysts for total suspended solids, pH,
hardness, total dissolved solids, background
radiation, etc.

5.35 Technologies for Separating

Radionuclides from Extractant

The previous section discussed the leaching and
extraction technologies that produce a pregnant liquor
containing the radionuclides.

Radium and thorium extracted from soils and mill
tailings will be in solution with many other molecular
and ionic compounds. Some of the i1ons may be
simple, while others will be complex, depending upon
the nature of the sample to be extracted and the
feaching solution(s). Other molecular substances and
material will probably be present as colloids. Still
other fractions will be in suspension and will separate
upon settling or filtening.

The support technologies utilized in treating the
extractant to remove the radionuchdes for disposal
are:

- precipitation and coprecipitation
- solvent extraction

- ion exchange

- membrane filtration

The first three technologies are chemical methods
and are discussed in this chapter. The last,
membrane filtration, is a physical separation method
and 1s discussed in Chapter 6.
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5.3.5.1

Precipitation and Coprecipitation — By addition of
chemicals the radionuclides can be precipitated.
Several stages of precipitation at controlled pH are
used. The pH is readjusted in the precipitation tank
near the end of the circuit. The slurry from the
precipitation tank 1s dewatered in thickeners and
followed by filtration (see Chapter 6 for description of
dewatering technologies). The fiiter cake, containing
the concentrated radionuchde, is then ready for
disposal. Precipitation, however, produces products
with impurities. This may not be a problem on
cleaning soils and tallings. However, in extraction of
uranium from ore, solvent extraction or ion exchange
is used before precipitation to obtain a purer product.

Description and Development Status

Radium forms a very insoluble salt with sulfuric acid.
Sulfuric acid 1s commonly used to form a precipitate
of RaSQ4, but sodium sulfate (NasS0g4) 1s also used
[29]. Thorium may be precipitated as a highly
insoluble, gelatinous hydroxide with alkali or
ammonium hydroxide [1]. Thorum is also precipitated
by sodium oxalate/oxalic acid solutions at a pH of 1.2
from acid solutions [36]. The concentration of radium
and thorium cations in the extractant from soil and
mill tailings may be low enough that a direct
precipitation process would not be appropriate to the
collection of these radionuclides. Radium and thorium
may be coprecipitated by the addition of a simple
precipitating agent such as HoSO4.

Small quantities of radium cations can be
coprecipitated from solution with many different
carrier compounds [29,37].

The use of the classical radium carrier, BaSQy4, to
precipitate radium from leach solutions has been
reported by several investigators [4,23,31,32,38,39].
A review [36] of other natural organic carriers (such
as tannin and gelatin) reported that these carrers
removed S0 to 100 percent of the radium n
coprecipitation processes. In a study [4] it was found
that BaSO4 1s shghtly soluble in a HNO3 leach
sotution (0.07 g/l in 3 M HNO3); however, 95 to 100
percent of radium may be coprecipitated from nitric
acid leach solutions using very dilute (<10 mM)
BaCls solutions in the presence of sulfate ions [4,31].
The use of a silica-bed filter to remove Ba(Ra)SO4
has also been suggested for the removal of radium
from uranium mill tallings [32].

Thornum coprecipitates with a wide varety of insoluble
hydroxides such as iron, zirconium, and lanthanum as
well as zirconium iodate or phosphate from acid
solutions [20]. Calcium fluoride and calcium oxalate
are also used as coprecipitants [38]. One study [40]
reported that 60 to 100 percent of the thorium
coprecipitates with BaS0Og4 solution; lower
concentrations of thorium (<0.09 mM) removed the
largest amount of the cation. Another study [39] used



an oxalate to remove thorium from a 3.6 M HNOg3
leach solution. The oxalate is very insoluble in HNQOg;
no radium was carried by the coprecipttate. Using 20
percent NaOH, more than 96 percent of the thorium
was coprecipitated in the presence of Fe at a pH of
4.2 as ferric hydroxide (Fe(OH)3) [38].

Uranium is precipitated from solution by addition of
sodium hydroxide, gaseous ammonia, hydrogen
peroxide, or magnesia. Precipitation using sodium
hydroxide, sulfuric acid, and gaseous ammonia
produces purer uranium with [rittle sodium.

For a plant processing 10,000 tons of uranium ore per
month, the typical capial and operating cost of
precipitation circuits are estimated to be $750,000
and $0.50 per ton of ore processed, respectively.
[41,42,47]. These costs are in 1985 dollars. These
costs are for uranium ore processing and are not
intended to be applicable to any particular site.

Solvent Extraction - Solvent extraction 1s an efficient
method for separating uranium on a commercial scale
[42]. There are no commercial solvent extraction
processes to extract radium or thorium. The solvent
extraction, as applied to uranium extraction plants,
consists of a two-step process. In the first step,
termed "extraction," the dissolved uranium is
transferred from the feed solution (or aqueous phase)
into the organic or solvent phase. The second step,
called "stripping," recovers the purified and
concentrated uranium product into a second aqueous
phase after which the barren organic is recycled back
to the extraction step. The aqueous and organic
solutions flow continuously and countercurrently to
each other through the required number of contacting
stages in the extraction and stripping portions of the
circuit. The uranium is recovered from the second
aqueous solution by precipitation.

The extraction of metal from the aqueous solution and
its eventual transfer to another agueous solution (the
strip liquid) involves the use of various reagents
(extractants, diuents, and modifiers) and requires a
suitable vessel to bring about intimate contacts
between the different liquids. The extractants are the
reagents in the solvent that extract the metal ions.
Extractants that are used in recovery of uranium from
acid leach solutions are alkylphosphoric acid, amines,
tri-n-butyl phosphate (TBP) and trioctyl phosphine
oxide (TOPO).

The diluents comprise the bulk of solvent and are
inert ingredients whose principal function is to act as
carrier for the relatively small amount of extractant.
Kerosene is the most commonly used diluent,
although other organics such as fuel oil, toluene, and
paraffins are also used. The most commonly used
modifiers for increasing the solubility of the extracted
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species are long chain alcohols such as isodecanol
[41,42].

Radium compounds have very low solubihities m
organic solvents [43]. In most extraction procedures
for separating radium from other elements, those
other elements are usually extracted into the organic
phase [29]. For example, the use of 2-thenoyl-
trifluoroacetone (TTA) or tnbutylphosphate (TBP) has
been successful in the separation of radium from
other elements. However, a mixture of TTA and TBP
in carbon tetrachlonde (CCl4) has been used to
extract radium for quantitative analysis [29]. Radium
tetraphenylborate has been removed by nitrobenzene
from an alkaline solution, and solutions of 8-
hydroguinoiine (HOQ) and some of its derivatives will
also remove radium from an alkaline solution
[(43,44,45]. This extraction charactenstic may be
significant in the separation of radium from thorium in
leach solutions. There is no reported use of these
sclvent systems for the removal of radium from soils,
ores, or mill tallings.

Organic solvents are used extensively for the
extraction of thorium from ore and mill tailings leach
solutions {31,36,38,39] and for the extraction of the
cations In analytical procedures [20,43,29]. Generally,
these procedures take advantage of the solubility of
inorganic complexes such as thorium chiorides,
thorium nitrates, or thorium sulfates in organic
solvents. Thorium sulfates are formed during leaching
of the ore with HpSO4 and thorium nitrates, and
thorium chlorides are produced by the HNO3 or HCI
dissolution, respectively, of precipitated thorium
hydroxide. The most common organic solvent used in
these extractions is TBP. For example, a 30 percent
TBP in kerosene was used in the extraction of
thorium from the HaSO4 [38] liquor. In another study
[39] 30 percent TBP in normal-hexane was used.
Still another study [31] used 30 percent TBP In
normal- dodecane for HNOgj3 solutions of thorium
from leach solutions. A review of the extraction of
thonum [36] listed over two dozen organic solvent
systems involving TBP, other organophosphates, and
various amines, which are applied to remove thorium
and actinides from leaching acids such as H»SOy,
HC!, and HBr.

Primary amines and straight-chain secondary
amines have also been used to extract tharium in the
processes for the recovery of uranium and thorium
from ores. After the extraction of uranium with
triisooctylamine, thorium 1s removed with 5 percent
sec-dodecyl or 5 percent di{tridecyl)amine in
kerosene.

For processing of uranium ore at a rate of 10,000
tons of ore per month, the typical capital and
operating costs for a solvent extraction circuit were
estimated as one million dollars and $1.00/ton of ore
processed, respectively [42,47]). These costs are in



1985 dollars. These costs are based on uranium ore
processing and are not intended to be applicable to
any particular site.

lon Exchange - lLeaching used in extraction of
uranium and other minerals is a nonselective process
resulting in the dissolution of elements in addition to
the desired constituents. lon exchange is one process
used for concentrating the desired constituents from
the leached solutions. The resin ion exchange
technique involves the interchange of ions between
the agueous solution and a solid resin. This provides
for a highly selective and quantitative method for
recovery of uranium and radium. The process of
removing dissolved ions from solution by an 1on
exchange resin i1s usually termed adsorption in the
uranium industry [4,21,42,46,47].

There are several resins available for extraction of
both radium and uranium. For uranium extraction by
ion exchangers, strong and intermediate base anionic
resins are loaded from either sulfuric acid or a
carbonate leach feed solution. The loaded resin is
stripped with a chioride, nitrate, bicarbonate, or an
ammonium sulfate-sulfuric acid solution to remove
the captured uranium. These resins are semirigid gels
prepared as spherical beads. Radium can be
extracted by using synthetic zeolites.

The total amount of uranium that may be adsorbed is
a function of the quantity of anionic complex in
solution. Two to five pounds of U3Og can be captured
for each cubic foot of resin. Higher capacity is not
possible because of competition for ion sites in the
resin by other anions present.

The other anions present in the acid solution that
compete with uranium for resin sites include HSO4",
S047%, and various impurities that dissolve along with
the uranium during leaching. The extent to which one
of these anions adsorbs on the resin is influenced by
its concentration in solution relative to other ions, pH,
and by the relative affinity of the resin for the anion.

Removal of the uranium from the saturated resin is
termed elution. It is customary to refer to the eluting
solution as the eluant and to the final effluent as the
eluate. Chloride elution 1s best accomplished in acid
circuits with concentrations of from 0.5 to 1.5 M CI".
Nitrate elution can also be used at a 1 M NOjy°
content.

The ion exchange process is, in most plants, a
semicontinuous series of operations integrating the
adsorption and elution steps with various stages of
washing, resin regeneration, etc.

There are three types of ion exchange systems: fixed
bed, moving bed, and resin-in-puip.
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For a fixed bed ion exchange system, cylindrical
pressure vessels with dished ends are usually
constructed of steel and lined with rubber for
corrosion resistance. The resin bed rests upon a bed
of crushed and sized rock, which is in turn supported
either by a flat rubber-covered steel false bottom or
the dished bottom of the column.

For a moving bed ion exchange system, the resin is
transferred to separate columns for adsorption,
backwashing, and elution. This procedure has been
performed in six Canadian plants, one U.S.
processing plant, and two U.S. mine water recovery
plants. The major plant installations utilize ten
columns per set, with two groups of three on
adsorption, one group of three on elution, and one
special column for transfer and backwashing. This
arrangement eliminates the danger of mixing leached
solution and eluate solution due to improper
operation.

The moving bed processing cycle does not vary
significantly from that in the fixed bed plants, except
that either two or three columns are continuously on
adsorption without interruption, and elution is
conducted with three columns in series.

For a basket resin-in-pulp ion exchange system,
the resin is contained in cube-shaped baskets
formed of stainless steel and covered with either
stainless steel or plastic screen cloth.

The baskets are moved up and down at a rate of
between six and twelve strokes per minute in
rectangular shaped tanks containing flowing slurry or
eluting solution. The basket movement consolidates
the resin bed during an up stroke, thereby squeezing
out residual solution, and expands the bed for free
solution access during the down stroke. From six to
eight stages are empioyed in adsorption and from
seven to fourteen in elution, with more stages
required when sulfuric acid is used for elution.

Some of the new developments in ion exchange
equipment are:

- Porter and Stanton contactor. Resin passes
downward and solution flows upward.

- Higgins contactor. A single column divided
into two sections by rotating valves.

- Jigged bed ion exchange. Uses jigged action
in the resin to cause more dense uranium
loaded resin. Department of Defense is
investigating the use of the equipment to
clean a missile site in New Jersey.

- Winchester Fixed Bed. Pulp flow is introduced
through an oscillating distributor.



- Bureau of Mines ion exchange. Divides the
adsorption column into compartments
separated by orifice plates.

Based on an ion exchange system with a capacity of
200 tons per day, the typical capital cost estimates
range between $300,000 and $1,000,000. The
operating cost estimates for that tonnage capacity
range between $1 and $3 per ton of soil processed.
[42,47] These costs are for processing of uranium
ore and are not applicable to any particular site.

5.3.5.2 Potential Applicable Situations

Precipitation and Coprecipitation — Precipitation and
coprecipitation have been used in some extraction
schemes to separate uranium from the leach liquor.
All currently operated uranium extraction plants, with
the exception of a few using a carbonate leaching
circuit, employ precipitation to recover the uranium
from the solvent extraction stripping liquor or from the
ion exchange eluate. Precipitation could be used
directly to extract the radionuclide from the water and
inorganic salt extraction pregnant liquor.

Solvent Extraction - Solvent extraction 1s the
preferred technology for extracting uranum from acid
leach liquor circuits. However, it has not proved
feasible to apply solvent extraction to carbonate leach
liquors or to slurries containing appreciable amounts
of solids [42].

lon Exchange - The use of ion exchange has been
documented in a number of applications. These
include:

- Decontamination of uranium mill processing
water and water pumped from the mine. ion
exchange also has been used to remove
radium from uranium mill taillings [47].

- The Mining Science Laboratory in Canada
has demonstrated 1on exchange extraction as
a means of cleaning the leach liquor from
tailings for uranium, thorium, and radium [48].

- Extraction of uranium in several plants in the
U. S. [42].

- An alkaline leaching process in which ion
exchange is used to extract the impurities and
produce a high grade liquor for precipitation
and recovery of uranium {21}.

5.3.5.3 Advantages and Disadvantages

Advantages - Precipitation and coprecipitation are
used extensively in uranium recovery operations.
They can be operated in both batch and continuous
operation mode, and involve low capital cost.

Since solvent extraction technology involves only
hquid-liquid contacts, it is readily adaptable to other
systems and can be performed as a continuous
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operation. Solvent extraction is also readily adaptable
to efficient and economical automatic continuous
operation. Other advantages of solvent extraction are
better selectivity and greater versatility than ion
exchange.

fon exchange is an excellent and economic method
for removing very fine radioactive contaminants from
hquids. In the absence of ion exchange egquipment,
more expensive ultrafiltration or solvent extraction
techniques are used. lon exchange is less sensitive to
the volume or grade of liquor than the solvent
extraction techniques. lon exchange has been
extensively used in cleaning radioactive contaminants
from nuclear power plant water streams, providing a
valuable database for the development of ion
exchange equipment to clean contaminated soils.

Disadvantages - Precipitation and coprecipitation
involve a difficult, cumbersome, and costly operation
requinng complex chemical separation. Close control
of operating conditions is required. The pH must be
monitored and controlled to have better product
recovery. The precipitation procedure is not adaptable
to automatic control, and most plants currently
operate on manual.

The main disadvantage of solvent extraction is that
the feed solution must be essentially free of solids. It
has not proved economically feasible to apply solvent
extraction to carbonate leach liquors. Emulsion
formation in solvent circuits causes trouble. The small
loss of solvent to talings is not only costly, but may
be a source of stream pollution. Solvent reagents are
also very costly. The solvent extraction process is
more sensitive to the volume and grade of liquor than
the ion exchange process. Molybdenum 1s strongly
extracted by amines and bulds up in the amine,
acting as poison.

In using ion exchange, impurittes in the liquor can
overload the 1on exchange resins. Trace metals such
as molybdenum, vanadium, radium, and sulfate in the
leached hquor can poison the resin, reducing its life.

5.3.5.4

The analyses listed below must be considered in
preparing to implement precipitation, solvent
extraction, and i1on exchange procedures.

Information Needs

- Chemical composition and trace 1on analysis
of the leach liquor.

- Solid content and pH of the liquor.

- Trace element content

5.4 Typical Costs of Chemical Extraction
Technologies

it is estimated that the typical cost for chemical
extraction would range from $50-150 per ton of so,



assuming that the waste is in a form suitable for the
use of these technologies. Transportation and
disposal costs for the concentrated and "ciean"
fractions are not included in the above figure.
Because of lack of process data, the costs of some
of the chemical extraction technologies are based on
profitable ore processing techniques and not on the
costs of removing enough radioactivity from the
contaminated material to render it “clean." As such,
these costs could be much higher. Since more
detailed process information i1s lacking, these figures
represent an educated guess. These costs are not
intended to be applicable to any particular site.
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Chapter 6
Physical Separation Processes

6.1 Purpose

Radioactive contaminants in soils and in uranium mill
tailings may be associated with fine soil particles [1-
3]. Separation of the fine soil particles should
concentrate the radioactive contaminants in fine soll
fractions, and thus reduce the volume of soll for
disposal, permitting more manageable soil disposal.

The physical separation techniques that can be
utilized to separate out or concentrate radioactive
contaminants within soils are discussed In this
chapter. These separation techniques are also utilized
in the pre- or post-treatment phases of chemical
extraction treatment schemes. Physical separation
techriques are mechanical methods for separating
mixtures of solids to obtain a concentrated form of
the desired constituents. Chemical agents are added
In some cases to enhance the separation process.
Methods for separation by mechanical rather than by
chemical means are usually low in cost and trouble-
free. There are a variety of physical separation
techniques, each with a particle size range; they are
shown in Table 11 along with the physical attributes
that govern the separation processes [4-6]. In any
given process a combination of these physical
separation techniques is employed to achieve the
required concentration of the desired constituents.

6.2 State of the Art

Most of the radium in uranium miil tailings occurs in
very fine particles, or slimes. Borrowman and Brooks
used physical separation technigues to separate
talings intc sand (coarse particle) and slime [1]
Physical separation of the tallings, which contained
radium levels of 500 and 450 pCrg, resulted in
coarse particle fractions with 50 and 140 pCig
radium, respectively.

Garnett et al. scrubbed plutonium-contaminated soll
with wash solution and then used physical separation
techniques to separate the clean sand [2]. Results
from a few of the tests showed that coarse particle
fractions of the soll can be cleaned to contamination
levels of <1, 12, and 86 pCi/g for solls contaminated
with 45, 284, and 7515 pCi/g of plutonium,
respectively.
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Treatment of Elliot Lake uranium mill tailings in
Canada showed that much of the radium, thorium,
and uranium can be removed using physical
separation techniques [3]. The laboratory test at
CANMET and bench-scale testing at the Denison
Mill employing physical separation techniques
reduced the radium contamination levels in tailings
from 290 and 266 pCi'g to 57 and 45 pCi/g,
respectively.

Based on a literature review, the following physical
separation technologies show potential for cleaning
sails contaminated with radioactivity:

- screening, both dry and wet
- classification

- flotation

- gravity concentration

Sedimentation and filtration supplement these
techniques.

All the above physical separation processes are used
extensively in uranium extraction. Screening, gravity
concentration, and flotation comprise part of the
physical separation methods used in preparing the
uranium ore for extraction. The prepared ore 1s then
normally acid-leached, and the particles are
separated using classification and ion exchange.
References 7-10 discuss the physical separation
techniques used In many uranium processing
operations. Shown in Figure 13 1s a process used to
clean plutonium-contaminated soll using physical
separation techniques. In this process a variety of
technologies, including screening, classification,
sedimentation, and filtration are employed to separate
the soil into different size fractions and to separate
out the water. Other processes used to decon-
taminate soil probably would include some
combination of these.

The state of the art physical separation technologies
are shown in Table 12. As can be seen from this
table, although these technologies have been field
demonstrated for radioactive matenal extraction from
ores, they have not been used in remediating any
radiologically contaminated sites. Pilot plant testing



Table 11.

Physical Separation Technology and Particle Size

Physical Attributes

Size

Ultrafil

Microfiltration

Classification
L 1

Screening

L ]
Filtration
]

creen Staining

Density Alone

hCyclones/Cones/Drums-
Bartles- {

Moziey

fSiime Tables'Tables

,

Permeability

Size Liguid Cyclones
and 1
Density Sedimentation

Centrifugation
mltracentrn‘uganon
Magnetic

Mag Separation

Dry
-_Ma_gnetlc Separation —Dry

Efectrostatic

Electrical
Conductivity

-‘Separatlon-

Surface
Activity

Froth Flotation

Foam & Bubble Fractionation

Diffusivity Membrane "echnology-

lonic Charge

lon Exchange

Angstroms 1 10 102 10°
Microns 107 1072 1072 107;
Millimeters 1077 107® 107° 10

«— lonic Range —
Range

would be needed to determine their capability for
radiologically contaminated site cleanup.

Selection of the physical separation technology for
soil cleaning 1s dependent on the properties of the
contaminated soll and concentration of radionuchdes
in each particle size fraction.

There are several other separation techniques used in
the mining industry, which will be described briefly but
not in detall because of their limited applicabilty for
removing radioactive contaminants from soills and
tailings. These techniques include:

- heavy media separation
- magnetic separation
- electrostatic separation

Heavy media separation techniques use heavy liquids
of suitable density to separate light and heavy

-« Macromolecular
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10¢ 10° 10° 107 10® 10°
! 10 10° 10° 10° 10°
10°° 1072 107 1 10 100°
|
' Micron Fine |
l Particle ’ Particle |=— Coarse Paruicle Range ——»1
Range Range
particles [6,11,12]. Heavy media separation s

possible if the contaminant is in loosely aggregated
coarse particles. lf the contaminant s finely
disseminated throughout the soil, then this technique
will not work. Also, the heavy liquids used give off
toxic fumes.

Magnetic separation [6,11-13] and electrostatic
separation [6,11,12,14] exploit the difference In
magnetic and conductive properties between the
radioactive contaminants and the soil to effect the
separation. As with heavy media separation, if the
contaminant 1s finely disseminated throughout the
soil, these separation techniques are not likely to
work.

6.3 Technologies of Potential Interest

This chapter discusses the physical separation
technologies mentioned above. With the exception of



Figure 13.
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Pilot-scale equipment test for soil decontamination. {Reprinted from [2].)
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dry screening, ail technologies--screening,
classification, flotation, and gravity concentration--
use substantial quantittes of water as part of the
process. The final concentrate must be separated
from the water before disposal. The separated water
is normally purified and recycled, thereby reducing
the water usage. The solid/liquid separation
techniques, sedimentation and filtration, are also
discussed in this chapter.

In general, one has to be concerned with dust control
for dry physical separation processes and the
treatability of liquid wastes which are generated in wet
physical separation processes. These are important
issues that need to be addressed carefully before
technology selection.

Backwash
Stream

Table 12. State of the Art of Physical Separation Technologies

!
l Contaminated
| Soil
N4
Ship for
Disposal

6.3.1 Screening

6.3.1.1

Screening s the mechanical separation of particles
on the basis of size. Such separations are achieved
using a uniformly perforated surface. Particles larger
than the screen openings are retained on the surface,
while smaller particles pass through. Matenal retained
on the surface is the oversize or plus (+) material;
that passing through is the undersize or minus (-)
material; and material passing one surface but
retained on a subsequent surface is intermediate
material. Perfect separation is seldom achieved.
There are always some undersize particles left in the
oversize fraction. Nevertheless, an almost complete
separation can be achieved with the use of a slow
feed and a consequently long screening period [6-
8,11,15-17].

Description and Development Status

Fieid
Demonstration Radiologically
Bench  Pilot with Contaminated
Laboratory Scale Plant Radioactive Site
Technology Testing Testing Testing Matenal Remediation Remarks
Physical
Separation
- Screening X Used in extraction of radium, thorium, and uranium from ores
- Classifica- Used in extraction of radium, thonum, and uranium from ores
tion
-~ Gravity X X Used in extraction of radium, thorium, and uranium from ores
concentra-
tion
- Fiotation X X X Used in extraction of radium, thorium, and uranium from ores
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Screening 1s normally imited to matenals larger than
250 microns, with finer sizing obtained by
classification. In addition to size, there are many
factors affacting the passage of the particle through
the screen, including screening efficiency, particle
shape, angle of approach, and particle orientation to
the screen. The closer to the perpendicular the angle
of approach, the higher the chance of passage.
Taggart gives some probabilities of passage related to
the particle size [8].

The amount of moisture in the feed also affects
screening efficiency, as does the presence of clays
and other sticky materials. Damp feeds screen very
poorly as they tend to agglomerate and blind (plug)
the screen apertures. Screening must always be
performed on either dry or wet matenal, but never on
damp matenal. For best screening efficiency, wet
screening is always superior: Finer sizes can be
processed, adhering fines are washed off by large
particles, and the screen is cleaned by the flow of
pulp. There 1s no dust problem. There 1s. however,
the increased cost of dewatering and drying, and for
this reason dry screening s preferred.

Particle size separation achievable by the basic
screen types Is llustrated in Figure 14. A common
problem with screens is the blinding of the screen
apertures with particles that are just shightly oversize.
The problem increases as aperture size decreases,
and it can result in a significant reduction in capacity.
Blinding can often be minimized by correct screen
motion or by a suitable surface material.

Problems caused by small amounts of moisture can
be alleviated by using electrically heated screen
cloths. Although this increases the capital cost of the
screen, operating costs may decrease because of
fonger surface hife. Another approach i1s to use a gas
flame underneath and parallel to the screen surface.
With screens having apertures between 0.5 and 5.0
mm, ball decks are sometimes employed for cases of
severe blinding.

Screening equipment can be classified as either
stationary or dynamic. Figure 15 shows the various
screen types, and Table 13 describes them.

6.3.1.2 Potential Applicable Situations

Table 14 describes the typical situations in which the
basic screen types are used. Grizzly screens are
normally used for separating large pieces like stones.
The size of particles screened on grizzly screens can
range from 20 mm to 300 mm. In most applications a
grizzly 1s used to separate large particles, followed by
other screens for finer separation. Sieve bends can
be used for separation as low as 50 microns, since
these devices give sharper separation than can be
achieved by wet classifiers.
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6.3.1.3 Advantages and Disadvantages

Advantages and disadvantages of the various screen
types are included in Table 14.

Advantages — Screens are an inexpensive method for
separating coarse and fine particles.

Disadvantages - Screens are subject to plugging,
thus decreasing their efficiency. Fine screens are
very fragile and clog easily with retained particles.
High throughput reduces particle dwell time on the
screen and generally produces a thick bed of
materials through which fines must travel to reach the
screen surface. This results In decreased efficiency.
Screens are noisy, and dry screening requires dust
control. To control dust emissions, dust covers are
used. Most manufacturers can supply fully enclosed
screening, which can be connected to a dust
extraction system.

6.3.1.4

The information listed below must be gathered and
considered in selection of the screens and
implementation of a screening process.

Information Needs

- Particle size distribution of the feed.

- Radionuclide distnibution with particle size.
- Moisture content.

- Mineralogical composition.

- Dust control requirement.

- Throughput required.

6.3.2 Classification

6.3.2.1

Classification is the separation of particles according
to their settling rate in a fluid. Water is the fluid most
commoniy used in mineral processing
(2,3,6,8,10,11,13,14,17-18].

Description and Development Status

Classifiers typically produce two streams-one
containing the faster settling particles called sands
{underflow or oversize) and another contamning slow-
settling particles called slimes or overflow.

Classifier types fall into three basic categories: (1)
nonmechanical, (2) mechanical, and (3) hydraulic.
Functionally, mechamical and nonmechanical
classifiers are sirnilar and differ only in the means of
sand removal. In hydraulic types the character of
separation is different because of the hindered
setthng induced by the hydraulic water.

Table 15 illustrates different classifier configurations.
Mechanical classifiers are designated by M-S,
nonmechanical classifiers by N-S, and hydraulic
classifiers by M-F or N-F. All hydraulic classifiers
are of the fluidized-bed type; some of them use



Figure 14.
of John Wiley & Sons, Inc.)

Sieve Bends

Typical separation sizes of the basic screen types. (Reprinted from [6]. Copyright © 1982. Reprinted by permission
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(Mechanical Vibration)
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{Mech )

High Speed Inclined

(Electromagnetic Vibration)

Casting

Rod Deck Rod Grizzly

Rotary Sifters

Probability

Shaking

Revolving Centrifugal

Trommel

10 um 100 um 1 mm

10 mm 100 mm

Aperture Size

mechanical means to remove sand. These are
dentified as M-F in Table 13. The table lists ranges
of suitable operating conditions for each classifier.

Hydraulic Classifier - With the hydraulic classifier,
water or arr 1s Iintroduced so that its direction of flow
opposes that of the setting particles. The simplest
form of a hydraulic separator i1s the settling-cone.
Solid/liquid flows into the settling-cone like a flud
being poured into a funnel. The heavy. sohd-laden
flow exits the bottom, and the liquid flows radially over
the lip of the cone.

The more complex hydraulic classifiers are the Jet
Sizer by Dorr-Oliver and the SuperSorter by Deister
Concentrator Co. These multicompartment,
multiproduct classifiers operate on the basis of
hindered setting. Each compartment 1s served with
low-pressure hydraulic water. The amount of
hydraulic water 1s controlled so that in each
succeeding compartment the coarsest particles are
maintained in hindered-settling condition, and the
finer fractions pass along.
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D-O Siphon Sizer is a single-compartment type
budt by Dorr-Oliver. Sands are discharged by
siphons extending to the bottom of the hindered-
settling zone. A hydrostatically actuated valve controls
the siphon flow. Discharge for an intermediate fraction
from the upper column can be obtained by additional
siphons. Hydraulic water consumption 1s considerably
lower than required for multicompartment sizers.

Mechanical Classifiers — In mechanical classifiers, the
slow-settling particles are carned away in a hquid
overflow, and the particles with a higher settling
velocity are deposited on the bottom of the equipment
and dragged upwards against the flow of liquid by
some mechanical means. The stize and qualty of
separation depends on feed rate, speed of removal,
degree of agitation, and height of the overflow werr.
Mechanical classifiers are widely used in closed-
crreuit grinding operations and in the classification of
products from ore-washing plants. Various
mechantcal classifiers are described below.

The rake classifier utlizes rakes which dip into the
settled material and move it up the incline for a short
distance. The rakes are then withdrawn and returned



Figure 15.
of John Wiley & Sons, Inc.)

The basic screen types and their classifications. {Reprinted from [6]. Copyright © 1982. Reprinted by permission
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to the starting point, where the cycle i1s repeated; the
settled material is thus slowly moved up the incline to
the discharge.

Spiral classifiers use a continuously revolving spiral to
move the sands up the slope. They can be operated
at steeper slopes than the rake classifier, which
results In dner product. Also, there is less agitation in
the pool, which 1s important in separations of very fine
matenal.

A sedimenting centrifuge consists of a bowl nto
which a suspension i1s fed and rotated at high speed.
The liquid 1s removed through a skimming tube or
over a weir while the solids that remain in the bowl
are removed erther intermittently or continuously.
Centnfugal sedimentation 1s based on a density
difference between solids and liquids; the particles
are subjected to centnfugal forces which make them
move radially through the liquid either outwards or
inwards, depending on whether they are heavier or
ighter than the liquid.

There are a variety of bowl designs and discharge
mechanisms available for industrial centrifuges.

Drag classifiers are single endless beit or chain
suspensions with cross flights running m an inclined
trough. They have long been used for draining and
classifying. They may be any of a vanety of shapes
and sizes.

The countercurrent classifier 1s an inclined, slowly
rotating cylindrical drum; continuous spiral flights
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attached to the interior of the drum form helical
troughs. The direction of rotation is such that material
in the troughs moves toward the higher end. Wash
water introduced at the upper end drains from the
lifting flights above the normal water level and
progresses countercurrent to the matenal toward the
overflow.

The countercurrent classifier 1s normally used for
sand-slime separations, washing, and for closed
construction restricting escape of heat and chemical
fumes.

The air classifier, similar to the hydrocyclone (to be
discussed in the next chapter on nonmechanical
classifiers) uses air to produce coarse and fine
fractions. The air classifier 1s used where solids must
be kept dry, for example, in cement grinding.

Nonmechanical Classifiers Nonmechanical
classifiers rely on gravitational or centrifugal force to
separate the coarse particles. The hydrocyclone,
setting cone, and elutriator are three types that are
commonly used.

A hydrocyclone 1s a widely used, small, inexpensive
device that gives relatively efficient separation of fine
particles in dilute suspension. The hydrocyclone 1s a
continuous-operating classifying device, which
utilizes centrifugal force to accelerate the settling rate
of particles. It is one of the most important devices
used in the minerals industry; there are over 50
hydrocyclone manufacturers in the world.



Table 13.The Major Types of Screens. (Reprinted from [6]. Copyright © 1982. Reprinted by permission of John Wiley & Sons,

Inc.)
Distinguishing Speed Advantages and
Charactenstics Classifications Description Motion Amphtude Applications Disadvantages
Heavy bars running In
flow direction, sloped to
E Conventional allow gravity transport
g > Bars may spread along Stationary surface | b
zZd Heavy duty length to minimise (Vibrating grizzhes also Simple. robust
O | surface of biinding avalable bar vibrating Scalping before crushers Probabiity form blinding
: g fixed bars screens) resistant
P
w Probability Bars divergent in
vertical plane
> Essentially a stationary Conveying action allows
)
2N Surface of screen surface but non Coar:e se;;avatw?s before near horizontal operation
gE rotating rolls uniform shape of rolls crushing Frmanly a n low head room
<] conveys materal conveyor situations
» Relatively high
o Separations In range efficiency and capacity
2 S'(artlohr;ary I;)av?llellb'ars 2 mm to 45 um or those Sharpness of cut less
& | Strry feed, Straight or ?I '9 s arr;g es to stl:ery too coarse for than true screen
fixed bar curved surface ‘ow h‘“' a'f:‘ :::: Stationary hydrocyclone, or where Separation shightly
g surface s 'T'g ) :V d ‘p density effects make affected by mineral
E '5‘86';8 or curved to classifier unsustable density Excessive
@ Dewatering dewatering can be a
problem
Slightly inchned Wet or dry separations Simpls, useful for
Trommel Below critical speed 15 20 scrubbing or rough size
cyhlndrical screen May ic t ball mill) tom 60 to 10 mmf dry separations High ar
»n have concentric surfaces p smaller if wet P gh we
b4 low surface utilisation
w
&
% Velmé:allv'moumed Operdatezlab(:]ve crmcal| Wet or dry separations
Screen surface Centnifugal cyhndrical screen spee so has vertica 60 8O 12 mm to 400 um High wear
@ | rotating around centrifuges particles action of 800 1000 rpm Dewatering
Z | cyhinder axis through screen cycles min
2 .
g
g Particles drop through Radiating bars rotate Re:z:‘tlfvely high capacity
Probabiiit surface formed by bars  about vertical axis Developed for separating g' \ne sep\‘ara:ons "
obabrity radiating out like spokes Speed of rotation coal <6 mm ”(; slleteaﬁigg ange
on a wheel determines cut size and controfted by varying
speed
Mechanical vibrations
give circular motion at Wide applications,
Inclined Inchned rectangular center elsewhere it GOrO 7"(300 generally down to 200 um :'e’lact;v"ely :'ngdh 1t
(Subclassified screening surface which depends on vibrator P in muneral industry  but b t‘ (':a Car:n ::Eaa(I:I ¥
by vibrator allows material to flow Electro Low down to 38 um in \ ud zaleLEI rally
myechamsms) with aid of vibrations magnetic vibrators may <25 mm chemical industry using Zn(z;oeqm ow
gve linear vibration the high speeds -
2 at center
vy
z High d o a T
igh spee
5] Honizontal rectangular
@ ?e‘:;:éd screening surface Linear Imohon, with 60'0 3000 Similar to other
(o] nmanly to " tal Linear vibration must vertlcda IC;""DDSE"' ta pm Similar to nchned vibrating screens but
Z ﬁ" particles orizontal have hornzontal component E'OV' € 'Il' an ¢ Lo screens can also be used where
S £ surfac to convey matenal along orizontal component for ‘2 w head room 1s restricted
b3 [} ace screen conveying 5 mm
a
s e
Generally superior to
Sernes of relatively conventional vibrating
small inclined screen screen High capacity
Probability surfaces separates by Similar to inchned and efficiency for given
statistics rather than screens space, low norse, low
physical constraint power Low efficiency
at low loading
Low headroom and power
gg Slow hnear Usually slightly inchned Linear m|:)non, . ; 30 800 Down to 12 m;n for coal reqxélr;amems May bed
£ 4| moron May have several surfaces  €ssentially in plane o rpm preparation and non used for conveying an
< x| essentially in n series with different screen particles tend metalhc minerals sizing Accurate for
IO to remain in contact 25-1000 Higher speeds may size large sizes High
# 3| plane of screen apertures
K with screen surface mm down to 250 um maintenance cost, low
capacity
Rectangular screen Circular rn('mon 'S
Reciprocating surface with shght (~50)  applied at feed end and
wn inchne produces reciprocating
5 motion at discharge end
g 500 600  Generaily used for finer
@ | Crcular motion Circular motion over rpm separations (12 mm to Suitable for finer
applied to Gyr wweular screen sur! 45 um, wet or dry) In separations, but with
> yrating Cuicular screen surface most of the screen
« | screen surface surface Low non-metatlurgical low capacity
ﬁ <25 mm  mdustres
2 Screen moves with
Gyrating Circular screen surface cwcular motion but

also has oscillating
vertical component
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Table 14.Types of Screening Operations and Equipment. (Reprinted from [6]. Copyright © 1982. Reprinted by permission of

John Wiley & Sons, Inc.)
Operation and Description

Type of Screen

Scalping: Strctly, the removal of a small amount of oversize from a  Coarse. grizzly.
Intermediate and fine: same as used for separations

feed that 1s predominately fines Typically the removal of oversize
from a feed with, approximately, a maximum of 5% oversize, and a
minimum of 50% halfsize.

Separation, Coarse Making a size separation at 4 75 mm and
larger

Separation, Intermediate: Making a size separation smaller than
4 75 mm and larger than 425 micron

Separation, Fine Making a size separation smaller than 425 micron.

Vibrating screens, horizontal or inclined.

Vibrating screens, high-speed, sifter, and centnfugal screens Static
sieves

High-Speed, sifter, and centrifugal screens. Static sieves

Dewatering Removal of free water from a solids-water mixture.
Generally imited to 4 75 mm and larger.

Horizontal vibrating, inclined (about 10°), and centrifugal screens
Static sieves.

Trash Removal. Removal of extraneous matter from a processed
matenal Essentally a form of scalping operation Screen type will
depend on size range of processed matenal

Vibrating screens; horizontal or inchned. Sifter and centnfugal
screens. Static sieves.

Other Applications: Desliming, conveying, media recovery,
concentration

Vibrating screens, honzontal or inclined. Oscillating and centrifugal
screens. Static sieves.

A typical hydrocyclone (Figure 16) consists of a
conical vessel open at its apex, where underflow
discharge occurs, joined to a cylindrnical section,
which has a tangential feed inlet. The top of the
cylindrical section is closed, with a plate through
which passes an axially mounted overflow pipe. The
pipe is extended into the body of the cyclone by a
short, removable section known as the vortex finder,
which prevents feed from flowing directly into the
overflow.

Because of a tangential inlet, the slurry entering the
cone rotates at high velocity, causing heavier
particles to move to the wall of the cyclone and
discharge through the apex opening. The smaller or
hghter particles move toward the vortex in the center,
discharging through the overflow.

The settling cone 1s the simplest form of classifier.
There are many different designs of cone. The
machine essentially consists of a suspended circular
tank, the base of which 1s In the shape of a truncated
cone closed by a valve. Feed is introduced at the top.
The sand settles in the cone, while the water and
shimes overflow into a circular peripheral launder. As
the sand accumulates in the cone, the weight of the
whole machine increases. This opens the discharge
valve. When the sand I1s discharged, the machine
hghtens, automatically closing the valve.

Elutnation is a process of sizing particles by means
of an upward current of fluid, usually water or arr. The
process is the reverse of gravity sedimentation.
Those particles having a terminal velocity less than
that of the velocity of the fluid will overflow, while
those particles having a terminal velocity greater than
the fluid velocity will sink to the underflow.
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6.3.2.2 Potential Applicable Situations

Classifiers can be considered for use in soil-washing
schemes. A typical equipment arrangement 1s shown
in block diagram form in Figure 13. In this figure a
number of classifiers are used.

The front end uses a scrubber, which 1s a drum
washer. A spiral classifier could also be used for this
purpose. A hydrocyclone is used at an intermediate
location Iin the scheme to separate the coarser
fraction from the finer fraction. A centrifuge is used to
remove the fines from the finer fraction. Each device
s used to handle a particular size fraction in the
process.

Other classifiers discussed in this subchapter can
also be used; the application is determined by soi
size fraction and solid concentration.

6.3.2.3 Advantages and Disadvantages

Advantages - The prnincipal advantages of these
classifiers are thewr high continuous processing
capabllity and their extensive industnal processing
track record. The mining mdustry relies on them as
prime maovers in ore refining and processing. Low
cost per quantity of matenial being processed and
equipment reliabiity are the major reasons for
selecting the equipment.

Disadvantages — A drawback to classification is that
soll with a lot of clay and sandy soil with humus
materials are very difficult to process. In general,
sandy soils low in clay and humus constituents with a
high specific gravity are successfully processed with
the classifiers.



Table 15.The Major Types ot Classifiers. (Reprinted from [6]. Copyright ©. Reprinted by permission of John Wiley & Sons, Inc.)

SIZE {m) LIMITING

VOL % SOLIDS

FEED SUITABILITY
CLASSIFIER {Type®) DESCRIPTION D:Aalr:!;?ev [Masx‘sznad RATE bv:‘::l’:;w PﬂVv\(’E)R AND
Max Length Size) (t/hr} Sands APPLICATIONS
Sloping Tank Classifier (M-8) Used for closed circurt gninding,
(spal rake, drag) Classification occurs near 031070 1 mm Not | hing and d ing, deslimung,
[ deep end of sloping, to 5 ot cntical 04 particularly where clean dry sands
13 elongated pool Spwal 24 are important (Drag classifier
O 6' rake or drag (spiral) 45 um 8‘500 21t 20 '100 sands not so clean) In closed
* ®  mechanism hfts sands from (25 mm} 45 t0 65 1 circuit gnnding discharge
pool 14 m to mechamsm {spirals especially) may
grve enough hft to eliminate pump
Log Washer M §)
08t 26
Essentially a spiral 40 75 Used for rough separations such as
0. o1 classttier with paddles 06to11 © o removing trash clay from sand
- g replacing the spiral 450 60 Also to remove or break down
! 461t 11 (100 , agglomerates
o mm
Bow! Classifie (M S)
er Extension of sloping tank Not critical Bowl Used for closed circurt gnnding
classifiers with settling 075
05160 150 um (particutarly regrind circuits}
occuring 1n large circular A h
10 5 041w 8 where clean sands are necessary
pool which has rotating 121015 4% .um to 75 Larger pool aliows finer
mechanmism to scrape sands Rake ger p
225 50 to 60 separations Bowl Desiltor has
inwards (outwards in Bowl! 075
12 (12 mm) {15 t0 25 m iarger poals {and capacities)
Desiltor} to discharge rake Bow! Desiltor) to Relatively ex ve
or 50"8' 20 etatively pens
Hydrauhic Bowl Classifier (M F)
yera w ! f Basicatly a hydrauhic bow! \é'b? Gives very clean sands and has
Is) ctassifier Vibrating 121037 1 mm Not crnitical refatively low hydraulic water
plate replaces rotatin to 5 to requirements {0 5 t t sand) One
- 9 75
mechamsm in pool 12t043 100 um 10 2t015 Rak of the most etficient single stage
Hydraulic water passes 225 g .,e ctasstfiers available for closed
through perforations in 12 {12 mm) 50 to 65 crcuit gninding and washing
plate and fludises sands ;05 Relatively expensive
Cylindrical Tank Classifier (M §)
Stmple but gives retatively
Effectively an overloaded - 150 4m Not entical 45 nefficient separation Used for
thickener Rotating rake a5 to 5 4108 0 primary dewatering where the
feeds sands 1o central 30 45um o 0410 ‘01 separations involve large feed
underfiow (6 mm) 625 16 to 25 1 volumes and sand drainage ts not
- m critical
4 Os
Hydraube Cyhndrical Tank (M F)
Classiher
0. 1 Hydraulic form of over - 14 mm Not critical Two product device giving very
- n loaded thickener Siphen to 1 075 clean sands Requires relatively
i Sizer (N F) uses siphon to 101040 45 um to 041015 to iittle hydrauhc water (2 t't sands)
discharge sands (nstead of 150 1 Used for washing desliming and
rotanng rake - 125 mm} 2010 35 closed circuit grmding
1o,
Cone Classifier (N S)
o. I
v Low cost (simple enough to be made
* [ Sumilar 10 cybndrical tank - 600 »m ) Not ennical locally) and simplicity can
classifier except tank (s Justify relatively inefficient
corical to eliminate need 061037 a5 um 1‘6’0 5to 30 None separation Used for desliming
tor rake and primary dewatenng Sohds
- (6 mm) 351060 build up can be a problem
4 O
Hydraulic Cone Classtfier (M F}
o1
e
- 400 .m Not cnitical
! l 0., Open cylindnical upper to 10 3 Used primanly in closed circurt
section with conical lower 06 I 100 2 15 d | £
ton contaming stowly to Lem to to to grinding 1o reclassify
sec 120 75  hydrocyclone underflow
rotating mechanism _ (6 mm} 30 1o 50
HW
+ O
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Table 15.(Continued)

SIZE (m}

VoL

% SOLIDS

UMITING
FEED SUITABILITY
CLASSIFIER (Type*) DESCRIPTION Width Size Rate Feed POWER AND
Oiameter (Max Feed Oveiflow (kW} PPLICATIONS
Max Length Size) {t/hr) Sands APPLIC N
Hydrocyclone (N S)
! 35
= {Pumped) pressure feed - 300 um 4 to 35 to Small cheap device widely used
generates centrifugal to to 400 for closed circuit gnnding Gives
action to give high 0011012 S um 20 21015 KN/m? relatively etficient separations
separating forces, and mioun pressure of tine particles in dilute
discharge - {1400 um t0 30 t0 50 head suspensions
45 um)
A Separator (N S)
Similar shape to hydro _
- cyclone, but higher 2 mm Used where solids must be kept dry,
"01 ncluded angle Internai 0575 o 10 4 such as cement gnnding Air
- wnpellor induces recycle 38 um 2100 to classifiers may be integrated into
= within classifier . 500 grinding mll structure
I
4 Ou.
Solid Bow! Centrifuge {M S)
' | Power generates high _
settling forces Slusry 74 um 004 21025
to 1M Relatively expensive but high
" centrifuged against 0314 1 1 04 to 20 t acity 1 1)
— rotating bow! and removed um 25 ° capi v lor a given floor space
U by slower rotating helical 18 6 mimin 10 used for finer separations
I| screw conveyor within bowl {6 mm) 51050
O, Yo.
- Similar applications to log
Essentially a rotating drum f 1 washer but lighter action
mounted on siight incline 15t035 76’0 to Tumbhing 185% critical speed)
55 provides attrstion to remove clay
3t 10 (450 mm} from sand Also removes trash
-
Counter Current Classifier (M-F) One form based on scrubber
another on spiral -
HW classifier They have wash Not critical
water added to flow 05t 33 2 mm 3 02 Very clean sands product, but
0, essentially honzontallty in {spiral type) to to 21015 to relatively low capacity for a
- opposite direction to sands 40 .m 600 19 given size
which are conveyed and 12 50 to 65
resuspended by some form ot (spiral type)
spiral
Elutnator (N F)
1o Bastcally a tube with
- [
G hydraulic water fed near - 24 mm 15 to 356 Simple and relatively etficient
I bottom to produce hindered
= " to 4 075 separation Normally a two product
setthng Sands withdrawn 1
through valve at base 2043 100 um to 04t5 for device but may be operated in
Column may be filted with s 120 2013 valves ’senes to give a range of size
HW network to even out flow - mm} to 35 ractions
4 O
Pocket Classifier INF)
- e oo 051060 24 mm 1510 35 Efficient separations but requires
O. Pantimes of hydvaie 9 to 4 3 t hydraulic water/t sand Used
water in each producing a - 100 um to 04tob to produce exceptionally clean
Y range of product sizes 9 120 sands fractroned into narrow stze
12 (10 mm} 20 to 35 ranges
IR R
O,

*M Mechamcal transport of sands to discharge
N Non mechanical {gravity or pressure) discharge of sand.
$ Sedimentation classifier
F Fludised bed classifier
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Hydrocyclone. (Reprinted from [6]. Copyright T
1985. Reprinted by permission of Pergamon

Press, Ltd.}

Overflow

S—— .|
» @ ‘____‘4, Vortex Finder
i

Figure 16.

Feed
Entrance ]
i Apex Valve
|
Underfiow
Discharge
6.3.2.4 Information Needs

The charactenization listed below must be considered
in selecting a classifier type and implementing a
classification process.

- Particle size distribution of the feed.

- Radionuclide distribution with particle size.

- Specific gravity and chemical analysis of the
sall.

- Mineralogical composition.

- Characteristics of the soi

- sand, humus, clay, or silt.

- Composition of the organics in each soil

fraction.
- Moisture content.
- pH.
6.3.3 Flotation
6.3.3.1 Description and Development Status

Froth flotation is used extensively in mineral
processing to concentrate constituents such as
uranium from ores. Great strides have been made
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both in the chemical aspects of flotation and n
equipment development. Today flotation is used for
almost all sulfide materals and i1s widely used for
nonsulfide metallic minerals, industrial minerals, and
coal. Flotation is the most economical method for
separating particles in the size range of 0.1-0.01
mm.

Metallic ores are normally ground finer than 48 to 65
mesh for treatment in froth flotation, whereas coal
and certain nonmetallic ores are generally treated by
grinding to finer than the 10 to 28 mesh range. As a
rule, coarser feed cannot be suitably mixed and
suspended by a flotation machine. Fineness of grind
is determined by the particle size at which the desired
minerals are liberated from gangue (waste) particles.
In flotation machines, the ore is suspended in water
by means of mechanical or ar agiation at a pulp
density generally from 15 to 35 percent solids. The
surfaces of suspended particles are treated with
chemicals called promoters or collectors which render
those particles air-avid and water-repellent.
Through the use of modifying agents, undesired
minerals are depressed or rendered non-floatable.
With vigorous agitation and aeration in the presence
of a frother-a chemical added to create bubbles-a
layer of froth or foam forms at the top of the flotation
machine. The air-avid minerals become attached to
air bubbies and rise to the surface where they collect
in the froth and are skimmed off [2,3,6,10,
11,13,14,17,20,21].

Flotation of sulfide compounds is well established.
Sulfides are separated using alkyl xanthates or
dithiophosphates. Oxide mineral forms can be floated
from acid or basic solutions.

The pH level is established for each mineral oxide
type. Oxides are separated with surfactants. Silicates
and aluminosilicates accept ionic surfactants in the
same way as oxides. Salt-type minerals respond to
anionic surfactants.

Promoters or collectors are added with the ore to
enhance flotation of the particles. The collector also
serves as a water-repellent, which reduces the
moisture content of the froth. Typical collectors for
flotation of metallic sulfides and native metals are
alkyl xanthates and dithiophosphates. These ionized
collectors are adsorbed on a sulfide mineral surface,
with bonding through the sulfur atoms.

In flotation, collectors of fluorspar, phosphate rock,
iron ore, and other nonmetallics are likely to be crude
or refined fatty acids and their soaps, petroleum
sulfonates, and sulfonated fatty acids. Cationic
collectors such as fatty amines and amine salts are
widely used for flotation of quartz, potash, and silicate
minerals.



Commonly used frothers are pine oil, cresylic acid,
polypropylene glycol ether, and 5- to 8-carbon
aliphatic aicohols such as methylisobutylcarbinol and
methyl amyl alcohol. Quantities of frothers required
are usually 0.01 to 0.2 ib/ton.

Depressants assist in selectivity (sharpness of
separation) or to stop unwanted minerals from
floating. A typical depressant is sodium or calcium
cyanide to depress pyrite (FeSp).

Alkalinity regulators such as lime, caustic soda, soda
ash, and sulfuric acid are used to control or adjust
pH, a very cntical factor in many flotation separations.

The choice of reagent is based on past experience
and tnal and error, guided by a sketchy knowledge of
surface chemistry. Over the past 40 years a good
deal of research has gone into this problem, but a
great deal more I1s needed.

Limited information is available in the literature on
flotation cells. Some fundamental research into the
physics of particle capture by bubbles is being
pursued in several Eastern European countries,
presumably in the conviction that a better
understanding of flotation kinetics will lead to practical
improvements in this technique [12].

Mechanical flotation devices are the most commonly
used. Often one type of machine will be used for
roughing and another for cleaning. These machines
provide mechanical agitation and aeration by means
of a rotating impeller on an upright shaft.

In addition, some cells utiize air from a blower to
help aerate the pulp. In recent years, there have been
dramatic increases in the size of indwvidual flotation
cells.

In a cell-type mechanical flotation machine, froth
product discharge is obtained by overflow with or
without the use of mechanical paddles.

In pneumatic flotation machines of both cell and tank
types, mixing of air and pulp occurs in injection
nozzles. In the flotation column, countercurrent flow is
established in the lower section of the column.
Although extensively tested, pneumatic flotation
columns are not common in industry.

Dissolved-arr flotation involves the dissoluton of ar
(or other gas) into the liquid while under pressure,
followed by precipitation. Electrofiotation is another
method to create ultrafine gas bubbles, but this
technique uses electrolysis.

6.3.3.2 Potential Applicable Situations

Flotation cells can be considered for use in mill
talings to reduce the level of radioactivity. The
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Palabora Mining Company in South Africa treats
complex ore using flotation and physical separation
techniques to recover copper, magnetite, uranium,
and zirconium [22].

Canadians have used fiotation cells to extract radium
from uranium mill tailings (3] and uranium from Elliot
Lake ore [8]. Research conducted at the U.S. Bureau
of Mines shows that 95% of uranmium can be
extracted from sandstone ores containing 0.25%
uranium oxide by means of flotation [8].

Of all the ores treated by flotation in the U.S., 66%
were sulfides, 7% metal oxides and carbonates, 24%
nonmetallic minerals, and 3% coal [11]. Although
increasingly used for nonmetallic and oxidized
minerals, flotation is primarily used to extract sulfides
of copper, lead, and zinc from complex ore deposits.

6.3.3.3 Advantages and Disadvantages

Advantages - If the particle fraction containing the
contaminants can be collected by the froth, then
flotation is a very effective tool. High separation rates
for fine particles can be achieved.

Disadvantages - If no suitable additive (promoter or
collector) can be found, then flotation will not be
effective. New additives may have to be developed to
permit successful flotation separation for radiologically
contaminated materials.

Flotation 1s a complex process, depending for
effective separation on particle size, rate of feed,
control of chemical additives, and handling of the
refined product. The process is also expensive.
Flotation uses small, compact equipment of lower
capital cost but with higher operating costs than for
gravity separation equipment.

6.3.3.4

The characteristics listed below must be considered
in preparing to implement a flotation procedure.

Information Needs

- Particle size and shape distribution of the

feed.

- Radionuclide distribution with particle size

- Characteristics of the soll - clay, humus,
sand, or silt.

- Specific gravity and chemical analysis of the
soil.

- Mineralogical analysis.

- Concentration ratio of solids to hquid forming
the suspension.

The nature of pretreatment.



6.34 Gravity Separation

6.3.4.1 Description and Development Status

Gravity methods of separation are used to treat a
great variety of materials. With the advent of the
froth-flotation process, which allows the selective
treatment of low-grade complex ores, use of gravity
separation declined. However, in recent years, many
companies have been using gravity separation
methods due to increasing costs of flotation reagents,
the relative simplicity of gravity processes, and the
fact that they produce comparatively littlie
environmental pollution. One of the world’s largest
uranium processing plants, Palabora Mining Company
in South Africa, recovers both uranium and
baddeleyite using gravity separation techniques [22].
Modern gravity techniques have proved to be efficient
for the concentration of minerals having particle sizes
in the 50-100 micron range [6,8-12,14,17].

Gravity separation techniques exploit differences in
material densities to bring about separation.
Theretare, separation is influenced by particle size,
density, shape, and weight.

All gravity separation devices keep particles slightly
apart so that they are able to move relative to each
other and thus separate into layers of dense and light
minerals. Gravity separators or concentrators are
classified by the means used to achieve this
interparticle spacing. The type represented by jigs
applies an essentially vertical oscillating motion to the
solids-fluid stream. The shaking concentrators or
shaking tables form the second group. These apply a
horizontal shaking motion to the solids-fluid stream
by vibrating the surface. Included in this type are the
shaking table, the Bartles-Mozley concentrator, and
the traditional miner’s pan. Gravity flow concentrators
such as sluices and troughs form the third type, In
which interparticle space is maintained by the slurry
flowing down an inclined surface. Jigs and gravity
flow concentrators, which are mainly used in coal,
beach sand, and iron ore processing, will not be
discussed here. However, shaking concentrators
(called tables) used in sol decontamination processes
[23] will be addressed in this chapter.

The shaking table is the most versatile of all gravity
devices that in one pass can produce a high-grade
concentrate over a wide range of particle sizes. The
shaking table is a relatively old device that has slowly
evolved. Generally, shaking tables treat materials finer
than jigs are able to handle, but this 1s achieved at
the expense of capacity; single deck tables have
relatively low capacity for their cost and space
requirements.

Shaking tables are very versatile units, and are used
for a wide range of functions: from roughing to
cleaning; from the treatment of sands to slimes; from
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the separation of two heavy minerals to coal
preparation.

A typical table is illustrated in Figure 17. Feed enters
through a distribution box along part of the upper
edge. The wash water and shaking action spread the
feed out over the table. Product discharge occurs
along the opposite edge and the end. The essentially
rectangular table has an adjustable slope of about
0°-6° from the feed edge down to the discharge
edge. The surface is a suitably smooth material (e.g.
rubber or fiberglass) and has an arrangement of
riffles, which decrease in height along their length
toward the discharge end. Different duties may
require a different deck size or riffle pattern, and a
range of decks are offered by most manufacturers.

Figure 17. Schematic of a shaking table, showing the
distribution of products. (Reprinted from [6].
Copyright © 1982. Reprinted by permission of
John Wiley & Sons, Inc.)
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Modifications on the basic shaking table design
include the Bartles-Mozley separator, the Holman
slime table, and the Bartles crossbelt concentrator.

6.3.4.2 Potential Applicable Situations

In the soil decontamination processes mstalled at
Heijmans Miieutechniek and HWZ Bodemsanering,
both in Holland, tables are used in separating fine
particles from extracting agents {23}. Concentration
by gravity method 1s limited to those soils in which
the contaminants are relatively coarse and capable of
resisting breakage and sliming or are associated with
other minerals that may themselves be separated by
gravity differential. The concentrate thus obtained can
be processed further by extraction. COG Mineral
Corporation Mill in Utah uses a gravity separator as
part of the uranium extraction process [14].



6.3.4.3 Advantages and Disadvantages

Advantages - Grawity separation is highly efficient
and is a proven process for a wide range of
applications. It gives a high-grade concentrate over
a wide range of particle sizes and functions well with
most soil types.

Disadvantages - A drawback 1s its low handling
capacity: high throughput requires multiple decks.
Gravity separation requires clean water, so that if
water 1s recycled care must be taken to ensure there
1s no slime buildup.

6.3.4.4

The prerequisite information listed below must be
considered in preparing to implement gravity
separation procedures.

information Needs

- Throughputs.

- Feed preparation (natural, sized, classified
hydraulically, etc.).

- Feed density.

- Characteristics of the soil-sand, clay, humus,

or silt.
- Particle size and shape distribution of the
feed.
- Specific gravity and chemical analysis of the
soil.
6.3.5 Support Technologies for Treatment of
Liquid Recycle
Most mineral-separation processes require

substantial quantities of water; the final concentrate
has to be separated from a pulp in which the
water/solids ratio may be high. Partial dewatering is
performed at various stages in the treatment, so as to
prepare the feed for subsequent processes. The
separated water is purified and normally recycled.
Dewatering 1s basically a sohd-liquid separation
technique and can broadly be classified into two
types:

- sedimentation
- filtration

Dewatering 1s normally needed in any chemical and/or
physical separation process and is a combination of
several methods. The bulk of the water is first
removed by sedimentation, which produces a
thickened pulp with 55-60% solid loading. Filtration
increases the solid loading to 80-30%.

With the exception of dry screening, the various
technologies require the feed to be in the form of a
pulp. Each of these technologies tolerate certan
ranges in the water content beyond which they do not
work efficiently. Figure 18 shows the limits of vanation
of the water content in feed pulp that can be tolerated
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by screening, gravity concentration, classification,
sedimentation (thickening), and filtration.

Also shown in Figure 18 are limits of water content for
other mineral processing operations, such as

Figure 18. Limits of water content variation. (Reprinted

from [6]. Copyright © 1982. Reprinted by
permission of John Wiley & Sons, Inc.)
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transportation. Even though these operations may not
apply to a radioactive soil cleaning process, they are
shown for clarity.

6.3.5.1

Sedimentation Technologies -
technology can be classified
sedimentation and centrifugal
{6,8,10,11,13,17,18,24].

Description and Development Status

Sedimentation
into gravity
sedimentation

Gravity sedimentation is the removal of suspended
solid particles from a liguid by settling.

Rapid settling of solid particles in a liquid produces a
clarified hiquid, which can be decanted. A thickened
slurry, which may require further dewatering by
filtration remains. Very fine particles, of only a few
microns diameter, settle extremely slowly by gravity
alone.

Coagulants and flocculants are added, producing
relatively large lumps, called flocs, which settle out
more rapidly. There are several equipment designs
available for sedimentation. These are:

- Deep cone thickeners

- Tank thickener

High capacity thickeners
- Lamella thickeners

The most common type of sedimentation unit is the
cyhindrical continuous tank thickener with mechanical
sludge-raking arms. Feed enters the thickener
through a central feed well, and clarified liquor
overflows around the periphery. Thickened sludge
(the sludge blanket) collects in the conical base and



is raked by the slowly revolving mechanism to a
central discharge point. One of the main
disadvantages of these thickeners is the large floor
area required.

With introduction of flocculant, the settling rates of
suspension could be increased tenfold or more. High
capacity thickeners take advantage of this by
providing mechanical mixing of flocculant and slurry,
and staged additions of flocculant. The high capacity
thickeners are more expensive to operate but provide
better performance and use less space.

The lamella thickener uses a nest of inclined plates,
thus providing a large effective settling area in a
compact space. Flocculants are added to ad the
settling.

Deep cone thickeners are over 4-meter conical
containers equipped with stirrers and overflow and
underflow arrangement. High flocculant dosages are
used to cbtain high solid concentrations.

Selective flocculation is an important technique that
uses a high-molecular-weight polymer, which
selectively adsorbs only one of the constituents of a
mixture. Selective flocculation is followed by removal
of the flocs of one component. Selective flocculation
has been applied to the treatment of clays, iron,
phosphate, and potash ores.

Centrifugal sedimentation I1s appropriate for slurries
with very fine particles, since gravity sedimentation
may be very slow. Due to high centrifugal forces,
separation of particles occurs quickly with high
throughputs. The two types of centrifugal
sedimentation designs are hydrocyclone and solid
bow! centrifuges. Hydrocyclones are described in the
chapter on classifiers.

The solid bowl centrifuge 1s a cylinder into which
slurry is fed and rotated at high speed. The
centrifugal action forces the heavier particles to the
wall of the cylinder, while the liquid forms an inner
layer and is removed. The solids are removed
continuously or intermittently. There are several bowi
designs available.

Newly developed centrifuges can separate particles
as fine as 0.5 micron. Centrifuges have been
engineered that integrate flocculations to ease solid
removal. The newer centrifuges have abrasive-
resistant coatings, require less power to operate, and
are quieter than older versions.

Filtration — Filtration normally follows the thickening
operation [6-8,10, 11,13,14,17-19,24] The filtration
process can be classified into three types:

- Deep bed filtration
- Screening

55

- Cake filtration

Deep bed filtration uses a deep bed of granular
media, usually sand, as a filter. Mainly used in water
and wastewater treatment plants, it 1s inexpensive but
cannot remove fine particles.

Screens are also used as dewatering media; they are
described in the previous chapter.

Cake filtration is the most widely used dewatering
technique in mineral processing. Cake filtration is the
removal of solid particles from a fluid by means of a
porous medium that retains the solids while allowing
the fluid to pass. The porous medium used In
industrial filtration is a relatively coarse material;
therefore, clear filtrate is not obtained until the nitial
layers of cake have formed. Factors affecting the
cake filtration operation are: the filtering surface,
viscosity of the filtrate, resistance of the filter cake
and filter media, and operating pressure or vacuum
required to overcome the resistance.

Flocculants are sometimes added to aid filtration and
prevent fine particles or slimes from blinding the filter
media.

Cake filtration can be operated in two basic modes:
constant pressure or constant rate. Constant pressure
filtration maintains a constant pressure, but flow rates
fall off as solid cake is formed and resistance
increases. Most of the continuous filters operate on
this principle, using vacuum to provide the pressure
difference. Constant rate filtration requires gradually
increasing pressure as the cake builds up and
increases the resistance to flow.

Cake filtration systems utilize either pressure filters or
vacuum filters. Pressure filters are normally operated
In batch processing mode and vacuum filters
generally i continuous mode.

Pressure filters are widely used in the chemical
industries. The driving force for filtration is the fluid
pressure generated by pumping. Since the filters
work mainly in batch processing mode and are
therefore labor intensive. they have seldom been
used in mineral processing. New concepts such as
continuous filter press are not really continuous
operation systems but go through a series of
automated cycles.

Another new development is the belt fiiter press
(Manor tower press). Developed in Europe, it is a
continuous pressure filter used m treatment of paper
mill studge, coal, and flocculated cilay slurries [18].

All vacuum filtration techniques use a porous filter
medium to support the filter deposits, beneath which
pressure is reduced by connection to a vacuum
system. The vacuum filtration can be operated in



batch or continuous mode. Batch vacuum filters are
rarely used in commercial operation.

The most widely used continuous vacuum fiters in
mineral processing are drums, discs, and horizontal
filters. Although different in design, all continuous
vacuum filtration equipment is characterized by a
filtration surface that moves by mechanical or
pneumatic means from a point of slurry depaosition
under vacuum to a point of filter cake removal.

A typical drum filter essentially consists of a
harizontal cylindrical drum that rotates while partially
immersed in an open tank, into which slurry 1s fed
and maintained in suspension by agitators. The drum
shelf itself is covered with a drainage grid and a filter
medium. Vacuum is applied from the interior of the
drum. As the drum revolves, the cake is raised above
the liquid level, and wash water, if required, is
sprayed on the surface.

Various methods are used for discharging the solids
from the drum. The most common form i1s the use of
a reversed blast of air and a scraper to remove the
cake. Another form is the belt discharge, in which the
filter medium leaves the drum and passes over
external rollers before returning to the drum.

Disc filters operate in a similar fashion and consist of
a number of discs partly immersed in a slurry and
mounted along a hollow shaft, through which vacuum
is applied. The disc is ribbed and supports the filter
media.

The horizontal continuous vacuum filters are
characterized by a horizontal filtering surface in the
form of a belt, table, or series of pans in a circular or
linear arrangement. Horizontal belt filters have been
rapidly accepted in the uranium mining industries,
because of their ability to filter heavy dense solids.

One new development in filtration is filter cake
pressing, in which a squeezing action is applied to a
previously formed filter cake to compress the cake
and remove further moisture. Steam-assisted
vacuum filtration is another new techmque to reduce
cake moisture [13].

Electrofiltration is a new technique used for
separation of ultra fine particles (up to 10 microns).
Here the slurry is placed in a direct current electric
field; the negatively charged particles migrate toward
the anode, forming a cake which is further dewatered
by electroosmosis. In the cathode, the slurry is
filtered through a filter cloth by vacuum filtration.

Membrane separation is a new technology that uses a
semipermeable membrane to separate a solid/liquid
system into its components. Physical, chemical, and
electrical means can be applied to enhance the
operation. Membrane separation is expensive and so
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is not used in the mining industry. This technique is
usually used to separate very fine particles (0.1-
0.001 micron) from liquid. A manganese-
impregnated acrylic fiber filter has been used to
remove radium from a 3 M NaCl extractant solution
and shows significant promise [20]. A review [25] of
various membranes for uranium extraction concluded
that there is a particularly promising membrane
process called selective membrane mineral extraction
(SMME). The SMME system has been shown to
remove 98 percent of radium from water containing
1,500 pCi/l of the radionuclide. The membrane
techniques can be used with chemical extraction
technology to extract the radionuclide from the
extractant.

6.3.5.2 Potential Applicable Situations

The selection of the particular technique depends on
the throughput required, the particle size, and the
density of the materials. Cylindrical tanks are normally
used as thickeners but, because of the large area
required and the low efficiency of tanks, centrifuges
or high capacity thickeners are appropriate where
there is a space limitation and high throughputs are
required.

Pressure filters used in the chemical processing
industry are rarely used in mining, as batch
operations are expensive; however, pressure filters
can remove fine particles.

Disc filters, and to a large extent drum filters, are the
mainstay for most dewatering systems because of
their ability to remove fine particles. Centrifugal
filtration or electrofiltration may be used to remove
very fine particles.

6.3.5.3 Advantages and Disadvantages [24]

Advantages - Gravity sedimentation is economical; it
carries low maintenance and operating costs. The
technique has a good long track record and s the
simplest of the sedimentation methods.

Centrifuge sedimentation offers high efficiency, high
throughput, and effective separation of fine particies.

One of the main advantages of the drum filters is the
wide range of design (method of discharge, cloth
design, etc.) and operating variahon (drum speed,
vacuum operation, submergence cycle, etc.) that
permits treatment of a wide range of particles of
diverse nature. Drum filter operations are clean,
continuous, and automatic with minimal operating
labor. Drum filters are also low in maintenance cost.
Drum filters provide for effective washing of filter cloth
and can also handle very thin filter cakes, resulting in
increased filtration and draining rates with drier
products.



One of the main advantages of disc filters is that they
can handle large volumes of relatively free-filtering
solids (typically 40-200 mesh range). It 1s possible to
handle different slurries on one unit simultaneously by
partitioning the filter tank and using one or separate
automatic valves. The disc filter equipment provides
for large filter areas on minimum floor space.

Another advantage of disc filters is the rapid medium
replacement made possible by virtue of their design.
in addition, the capital cost of disc filters per unit area
is generally less than for drum filters.

The main advantage of horizontal filters is that large
tonnage per unit area can be processed with rapid
dewatering . Cakes ranging in thickness from 10 mm
to 200 mm can be formed and washed. Honzontal
filtering provides excellent washing with sharp wash
fiquid and fiitrate separation. In this respect it is better
than the drum filter. Horizontal filter equipment i1s very
flexible in operation. Since in honzontal filtration the
settling of solid assists the filtration, horizontal filters
are ideal to handle quick settling slurries.

Disadvantages — Gravity separation is ineffective for
fine particles. It mnvolves a long setting time and
requires a large floor area, especially when tank
thicknesses are involved. It chemicals are used,
operating costs will increase.

Disadvantages of centnfuge sedimentation include
high capital cost, with a high maintenance cost that 1s
higher than other sedimentation procedures.
Equipment is noisy, and is subject to abrasive wear.
Another disadvantage of centrifuge sedimentation s
its high power requirements.

The main disadvantage of the drum fiiters 1s the high
capital cost. Also, certain types of feed cannot be
handled by drum filters, such as quick settling
slurries. Use of blow-back air and a scraper knife to
discharge the filter cake may produce wetter cakes
and greater filter medium wear.

One of the main disadvantages of disc filters 1s that
they are inflexible in operation. A good washing of the
vertical cake surface is difficult, and because of
limited cake drying time, wetter cakes are formed.
Some designs result in excessive filtrate blow back,
causing the cakes to be moist. Also, the discharge of
thin cakes Is difficult. The disc filter equipment has no
means of separating different filtrates if the unit s
used to fiter more than one slurry simultaneously.
The rate of medium wear wil be high if scraper
discharge is used.
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The main disadvantage of horizontal filters is the
heavy wear and tear of the flexible drainage belts,
which results in loss of vacuum and poor drainage.
The horizontal filter requires a large floor area. In the
case of belt filters, only 45% of the belt area is
effective. Horizontal filters are more expensive than
drum filters, but this disadvantage is offset by the
higher capacity per unit area, since horizontal filters
can handle thicker cakes at higher speeds.

6.3.5.4

The prerequisite information listed below must be
considered in implementing treatment procedures.

Information Needs

- Particle size and shape distribution of the
feed.

- Radionuclide distribution with particle size.

- Specific gravity and chemical analysis of the
soil.

- Characteristics of the soll - sand, humus,
clay, or silt.

- Mineralogical analysis.

- The concentration ratio of solds to liquid
forming the suspension.

- The nature of pretreatment.

6.4 Typical Costs of Physical Separation
Technologies

The cost of the application of any of the physical
separation technologies described in this section will
depend upon several factors. Thus the costs cannot
be reliably estimated for any technology and for any
site at this stage, because most of the required
prerequisite information 1s not available.

Among the cautions must also be included the fact
that many, If not most, of the controlling factors will
be site-specific. The cost for a technology at one
site may be vastly different than for the same
technology applied at another site.

Despite the hmitations and cautions, some typical
cost information is provided in Table 16 for the
technologies described in this chapter. The costs
shown do not include cost of transportation and
disposal of concentrated fractions. The cost of
returning “clean" treated matenal to a site is not
included.

The purpose, capacity, equipment and operating
costs in 1987 dollars, and factors affecting both cost
and capacity are presented for the major types of
physical separation equipment.



Table 16. Typical Costs of Major Physical Separation Equipment

These costs obtaned from vendors are presented to give some typrcal costs. They are not intended to be applicable to any particular site. Cost
of returning “clean” treated material to a site 1s not included.

Equipment Operating
Cost in Cost in
Equipment Purpose Capacity 1987 $ 1987 % Factors Affecting Cost and Capacity
Soll Prep. Package To prepare soil for 50 - 600 TPH 500K - 4 -1/Ton Soll type, site conditions, truck access,
(gnzzly crusher, leaching 2500K dust control
screen, feeder)
Screw Classifier Preliminary separation of 10 - 950 TPH 9K - 167K 3-1/Ton Soil type, avatability of water radicactive
coarse and fines shielding, corrosive resistance
Hydrocyclone Intermediate Classification 50 - 500 GPM 1K - 5K 1 - 0.30/10600 Corrosion and abrasion resistance
of sand and silt Gal
Corrugated Plant Grawvity separation of sit 60 - 1000 4K - 74K 2 - 1/1000 Gal  Corrosion resistance, radioactive
Interceptor and fines GPM shielding, degree of separation
Clanfier Gravity separation of fines 60-6000 GPM 40K - 520K 6 - 1/1000 Gas Same as above
Drum Fiiter Removal of all suspended 0.5 - 90 TPH 50 - 400K 80 - 2/Ton Corrosion resistance, radioactive
sohds shielding, shelter
Centrifuge Removal of unfilterable 10 - 600 GPM 60K - 850K 77 - 7/1000 Corrosion resistance, radioactive
solids Gal shielding, shelter
Flash Dryer To dry settled or filtered 700 - 36K 200K - 120 - 21/1000# Corrosion resistance, radioactive
sohds # water/hr 1800K shielding,multilevel construction,
emissions control
Flotation Unit For the selective 30 - 1000 25K - 160K 15 - 3/1000 Corrosion resistance, radioactive
separation of fines GPM Gal shielding
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Chapter7
Combined Physical Separation and Chemical Extraction Processes

7.1 Purpose and Mode of Operation

Employing physical separation techniques, it may be
possible to decontaminate soil to low radiation levels
by separating the highly contaminated particles on the
basis of particle sizes. While the coarse soil particle
fractions might still contain radiation above acceptable
fevels, removal of radioactive contaminants from them
might allow return of the soil to the place of origin or
pltacement in a nonhazardous waste landfill. While
applying further physical separation techniques would
not lower the radiation levels, chemical separation
technologies applied to the separated coarse particles
might bring the treated soil radiation to acceptable
levels. This chapter discusses the various combined
physical and chemical separation techniques that
might be applied to decontaminate radioactive soils.

7.2 State of the Art

Three physical and chemical separation techniques
will be discussed:

- soil washing and physical separation
- separation and chemical extraction
- separation, washing and extraction

Soil washing and physical separation has been used
in two pilot plant tests to decontaminate plutonium
contaminated soil [1] and to extract radium from
uranium mill tailings [2].

Separation and chemical extraction have been used
extensively in the mining industry, in particular for
extracting uranium. Palabora Mines in South Africa
uses gravity separation techniques followed by
chemical extraction to separate uranium from complex
copper ores [3-6].

Separation, washing and extraction have been used
to decontaminate soils [7-10].

Table 17 shows the state of the art of the combined
physical separation and chemical extraction
technologies. All these technologies are in the pilot
plant testing stage, and none have been field
demonstrated with radioactive material. Major pilot
plant testing and development work are needed prior
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to application of these technologies to radiologically
contaminated site remediation.

7.3 Technologies of Potential Interest

7.3.1 Soil Washing and Physical Separation

7.3.1.1

This process involves washing the soil with chemical
solution, followed by separation of coarse and fine
particles [1]. The type of solution used for washing
will depend on the contaminant’'s chemical and
physical composition.

Description and Development Status

The process water, which may lead to radicactive
buildup in process streams, is treated--preferably
by ion exchange--and the resulting decontaminated
water is recycled.

iIn 1972 the Department of Energy initiated
laboratory-scale studies of techniques for
decontaminating soils [1]. Experiments were
conducted to evaluate a variety of chemical and
physical separation techniques. The techniques
included chemical oxidation, calcination, flotation,
deshming, heavy media separation, magnetic
separation, wet and dry screening, and washing.
Based on laboratory-scale studies, the washing and
physical separation process was selected for pilot
plant investigation. The pilot-plant process flow
sheet 1s shown in Figure 19.

In the pilot-plant testing at Rocky Flats, the
plutonium-contaminated soil was washed in a
rotating drum washer using a pH 11 NaOH solution
as a washing agent. A trommel screen was used to
separate the coarse particles (+5 mesh), and a
vibrating screen was used for further particle
separation ( +35 mesh). This was followed by use of
a hydrocyclone and classification to separate +10
micron particles. Centrifugation and ultrafiltration were
employed to separate the fine contaminants. The
water was sent back for recycle without any
purification.

The results of the pilot-plant testing show this
process could have potential for success, but



Table 17. State of the Art of Combined Physical Separation and Chemical Extraction Technologies

Field
Demonstration Radiologically

Bench Pilot with Contaminated
Laboratory Scale Plant  Radioactive Site
Technology Testing Testing Testing Matenal Remediation Remarks
Combined Physical
separaton and chemical
extraction
- Soll washing and X pd Pilot plant development and testing needed for
physical separation radioactive materials
- Separation and X Varnious portions of the process have been
chemical extraction developed for extraction of uramum from ores.
Pilot plant testing and deveicpment needed for
radioactive materials
- Separation, washing X Significant bench scale and pilot plant testing

and extraction

needed for radicactive matenal

additional pilot development work 1s needed before
scale-up to production level. In pilot-plant test runs,
soills contaminated to 45, 284, 7515, 1305, and 675
pCi/g were cleaned to contamination levels of 1, 12,
86, 340, and 89 pCi/g respectively, using different
processes (Table 18). The coarse particle fraction
ranged from 58% to 87%. The results of pilot-plant
testing showed the fine soil particle fraction containing
the concentrated contaminants to have much higher
levels of radiation than the feed, ranging from 1440
pCi/g to 90,000 pCilg. Feed rates ranged from 45
kg/hr to 120 kg/hr.

Recommendations based on the pilot-plant testing
were that applying multistage washing and rnnsing
instead of single stage would be beneficial.
Hydrocyclones and fitration techniques were
recommended for removal of fine particles.
Centrifuging of flocculated solution was not
recommended, as the centrifuge action tends to
break the flocs.

The Canadians used the froth flotation technique to
separate radium from uranium mine tailings [2].
Results of their laboratory testing and bench-scale

Figure 19.

Table 18. Soil Product Plutonium Level from Pilot Plant

Operation[1]
Runé Feed Product

(pCvq) Coarse Weight Fine Weight
Fraction Fraction Fraction Fraction

(+35 Mesh) % (-35 Mesh) %

1 45 0.5 b 1440

2 284 12 58 1485 42

3 7515 86 78 90,000 22

4 1305  340¢ 87 10,800 13

5 675 89 58  5.850 42

& Each run represents a different process.
Not available.
° Attributed to Inadequate washing and scrubbing

testing at CANMET show that radium in uramum mill
talings can be reduced from 290-230 pCvg to 50-
60 pCi/g by flotation.

However, in the pilot-plant testing at Dennison Mill
using the same process, the decontaminated tailings
showed radium levels of 123-151 pCi/g. This was

Conceptual soill decontamination process flow sheet (Reprinted from [2].)
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attributed to recycling the water. Whereas both the
laboratory and bench-scale testing used fresh city
water with no radium in it, the pilot-plant test water
contained relatively high amounts of dissolved radium,
ranging between 586 and 1179 pCi/g.

7.3.1.2 Potential Applicable Situations

The soil washing and physical separation process can
be considered for use in situations where radioactive
contaminants are closely associated with fine soll
particles. Better success can be obtained with sandy
soils; humus soits will be difficult to clean.

7.3.1.3 Advantages and Disadvantages

Advantages — The process is simple and relatively
inexpensive and should require no major process
development. It has achieved some degree of
separation with clay soil n pilot-plant testing [1].

Disadvantages - The main disadvantage is that this
process may not work for humus soil. Also, pilot-
plant development and testing are needed. The
process may work only for low level radiologically
contaminated soils; this 1s yet to be determined by
pilot-plant testing. The recycled water must be
stripped of radioactive contaminants or the process
will become inefficient.

7.3.1.4

The information listed below must be collected and
considered before implementing soil scrubbing and
physical separation procedures.

Information Needs

- Nature of the soil: sandy, clay, humus.

- Nature of the particle: size, shape, specific
gravity, mineralogical and chemical properties,
etc.

- Radionuclide distribution with particle size.

- Nature of the contaminant-chemical
physical properties.

and

7.3.2 Separation and Chemical Extraction

7.3.2.1

The soil would first be separated to fine and coarse
particle fractions. The coarse particle fraction would
be acid leached, the radioactive contaminants
strpped by solvent extraction and separated by
precipitation and/or 1on exchange. The extractant
would be cleaned and recycled. The fine particle
fraction would be combined with extracted
contaminants and sent to a secure disposal site. The
clean coarse fraction would require appropriate
disposal.

Description and Development Status

Processes using solvent extraction, ion exchange,
and acid leaching, etc., have been used in extraction
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of uranium from ores and radium from uranium mill
tailings [6,11-13]. In mining, since the objective is to
extract maximum quantities of the desired
constituents (uranium and radium) from the ores and
tailings, the leaching is applied to the feed as a
whole, without separating into fine and coarse
fractions. Although the process can be applied to the
unseparated soil, this may not bring contaminant
concentrations to the acceptable levels. Since the
weight fraction of the coarse soill particle portion
ranges from 60-80% [1], and since its contaminant
radiation levels will be lower to start with, cleaning the
coarse fraction could possibly clean a large
percentage of the soil to acceptable standards.

There are several variations on the above process.
Two-stage acid leaching instead of solvent
extraction is one vanation [14]. Another is to use ion
exchange instead of solvent extraction, a technigue
used in several uramum extraction processes [6]. A
third variation 1s to use a solvent to extract uranium
and a salt solution to extract radium from acid leach
residues [12].

The Canadians [14] have used leaching solution to
extract thorwum, radium, and uranium from uranium
ore. Two-stage hydrochloric acid leaching was
employed, which resulted in mill tailings with radium
levels of 15 to 20 pCi/g.

In Europe, several solvent extraction techniques have
been used to clean soll contaminated with cyanides,
heavy metals, and organics [7]. In these processes, it
is the fine fraction that recewves the benefit of soi
cleaning methods, since the contaminants are mainly
associated with the fine particles. The estimated
typical cost to clean soil in Europe is around $100/ton
[7]. This is exclusive of excavation and transportation
costs, overheads, profits, and cost for safety
measures [10].

Details of different chemical extraction techniques are
discussed in Chapter 5 of this report. Physical
separation techniques that can be used are discussed
in Chapter 6.

7.3.2.2 Potential Applicable Situations

Separation and chemical extraction can be
considered for use in sandy, clay, and humus soils.
This type of process has been used, with hmited
success, to extract radium from uranium mill tailings
in pilot plant testing. A large concentration of sulfide
in the soil will have a marked effect on the radium
extraction [12].

7.3.2.3 Advantages and Disadvantages

Advantages - An advantage of this process over
other methods discussed in this chapter i1s that sods
containing higher levels of radioactivity can be



treated. Also, various facets of the process have been
developed for extracting uranium, and laboratory work
is underway in Canada for extracting radium from
uranium mill talings. However, the development of
various facets of a process does not mean the entire
process will work.

Disadvantages - The main disadvantages of this
process are that it is expensive and has high
chemical usage. The chemical required will depend
on the sol analysis. A problem may anse with high
sulfur content in the soil interfering with radium
extraction. Also, the process needs major
development work prior to application in extracting
radium from soil. In addition, the use of chemicals
raises concerns of plant safety and environmental
pollution. This approach may not be successful in
extracting radium, thorium, and uranium in a single
process.

7.3.2.4 Information Needs

The information listed below must be considered in
implementing treatment procedures.

- Nature of the soil: sandy, clay, humus, silt.

- Physical and chemical properties of the soil.

- Nature of the particle: size, shape, specific
gravity, mineralogical properties.

- Radionuclide distribution with particle size.

- Nature of the contaminant: chemical,
physical, and mineralogical properties.

- Concentration ratio of solild to liquid forming
the slurry.

- The nature of pretreatment.

7.3.3 Separation, Washing and Extraction

7.3.3.1

Following separation, contaminated soils conceivably
can be scrubbed with a variety of washing fluds,
followed by chemical extraction. The nature of the
washing fluids and chemicals would depend on the
contaminants and the characteristics of the soil. It is
most effective to separate the soil into fine and
coarse fractions and use the scrubbing system on the
coarser soil fraction to reduce the throughput and
chemical usage. The treated coarse soil might then
be returned to the site. The finer soil fractions and
contaminants could be sent to disposal. Depending
on the soil grain size distribution, reduction in disposal
volume of 60-80% may be possible.

Description and Development Status

The agents that can be applied to soil washing are:

- Surfactants that improve the solubility of the
contaminants and the tendency for fine
particles to separate from larger ones.

- Chelating additives used to chemically react
with metals.

- Acid or alkaline solutions to mobilize and/or to
improve solubility of the contaminant.

Washing solutions are basic aqueous solutions
(caustic, lime, slaked lime, or industrial alkali-based
washing compounds); acidic agueous solutions
(sulfuric, hydrochloric, nitric, citrus, phosphoric, or
carbonic acids); or solutions with surfactant or
chelating agents. Hydrogen peroxide, sodium
hypochlorite, and other oxidizing agents may also be
used. A strong basic surfactant solution could be
used for organic extraction, and strong acidic or
chelating agent solutions can be used for metal
extraction. Strong base or acid might be used In
cases of high contaminant concentration, where the
cost of chemicals is affordable and the wastewater
can be treated for safe disposal. Surfactant and
chelating agent soil cleaning are being developed to
reduce chemical and equipment costs, make the soil
reusable, and simplify wastewater treatment. The
surfactant and chelating solutions have a moderate
(almost neutral) pH, making equipment operation
safer.

The EPA Soill Washing System, developed by the
EPA Risk Reduction Engineering Laboratory at
Edison, NJ, uses a scrubber extraction process to
clean soil. Pilot studies were performed to select the
equipment for the EPA soil washer. Three unit
operations were developed and proved by testing:

® Water Knife Concept — A thin, flat, high-speed
water jet breaks up clumps of soil and scrub
contaminants from larger soil particles like stone
and gravel. Testing showed that this concept is
very effective.

® Rotary Drum Screener — A rotary drum was
employed as a pretreatment to mix the soil with
the extractant and separate the soil into two
particle size categories (+2mm and -2mm).

e [Extraction and Separation Concept - A four-
stage counterflow extraction train was designed
and buit to treat the -2mm soil fraction
separated by the drum screener. Each stage
consists of a tank, stirrer, hydrocyclone, and
circulating pump. The pump moves the soil from
one stage to the adjacent stage. The
hydrocyclone discharges the sail slurry in the next
stage and returns the extractant. The extractant
flows by grawity as a tank overflows in a stream
from one tank to another, counter to the direction
of the soil. Fresh extractant is added to the fourth
stage, and spent extractant is removed from the
first stage.

A mobile soil washing pilot-plant was built using the
above features [15]. The pilot-plant scheme (Figure
20) was designed for water extraction of a broad



Figure 20.
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range of hazardous materials from spill- extraction. However, pilot plant testing is needed to

contaminated soils.

The system can (1) treat excavated contaminated
soils, (2) return the treated soil to the site, (3)
separate the extracted hazardous matenals from the
washing fluid for further processing and/or disposal,
and (4) decontaminate process fluids before
recirculation or final disposatl. The washing fluid
(water) may contain additives, such as acids, alkalies,
detergents, and selected organics solvents to
enhance soil decontamination. The nominal
processing rate will be 3.2 cu m (4 cu yd) of
contaminated soil per hour when the soil particles are
primarily less than -2mm in size and up to 14.4 cu
m (18 cu yd) per hour for soil of larger average
particle size.

7.3.3.2 Potential Applicable Situations

The concept can be considered for use with granular
soill. Clay and humus soil may be difficuit to clean
using countercurrent extraction. Pilot-plant testing is
needed to determine the effectiveness of the process.
The EPA Mobile Soil Washer was used to remove
nonradioactive contaminants from soil. With
equipment modifications and additions and significant
bench-scale and pilot-plant testing, the unit can be
considered for use to clean radiologically
contaminated soils.

7.3.3.3 Advantages and Disadvantages

Advantages - It is possible that soils can be cleaned
to acceptable limits. The same countercurrent
decantation technology has been used in uranium
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determine the effectiveness of this process.

Disadvantages ~ The Soil Washing System needs
further development to determine washing fluids that
are effective in removing radioactive contaminants
from soils.

The most suitable type of washing fluid must be
determined using a bench-scale test for each soil. A
process to clean the contaminated washing fluid for
recycle must be established through pilot-plant
testing. The process may not work for clay or humus
soils. Significant bench-scale and pilot-plant testing
is needed.

7.3.34

The soil and contaminant characteristics listed below
must be considered in implementing treatment
procedures.

Information Needs

- Nature of the soil: sandy, clay, humus.

- Nature of the particle: size, shape, specific
gravity, mineralogical and chemical properties,
etc.

- Radionuclide distribution with particle size.

- Nature of the contaminant: chemical and
physical properties.

7.4 Typical Costs of Separation and
Extraction Technologies

It must be noted that most of the cost controlling
factors for cleaning soil using the separation and
extraction technology will be site specific. In addition,
the combined technology has not been demonstrated
to clean radiologically contaminated sites. Since the



detailed process information is lacking, the cost for
this technology cannot be reliably estimated.

However, the estimated typical cost for cleaning
nonradioactive contaminated solid using separation
and extraction technology ranges from $45 -
$100/ton (1985 3$) [7], exclusive of excavation,
transportation, and disposal costs for all fractions.
These costs are not intended to be applicable to any
particular site. Costs of returning “clean" treated
material to a site are not included.
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Chapter 8
General Issues at Radiologically Contaminated Superfund Sites

8.1 Introduction

This chapter discusses some of the issues likely to
be associated with remediating Superfund sites that
contain radioactive materials. The discussion is not,
by any means, comprehensive. These issues include:

- disposal siting;

- handling of concentrated residuals;
- site information needs;

- mixed wastes;

- public reaction and acceptance; and
- costs.

8.2 Disposal Siting

Every site remediation involving radioactive materials
must include a final, environmentally safe disposal
site for the radioactive materials. The total activity of
the radionuclides will not be lessened by any
remediation process, although the matrix in which
they are included may be reduced in volume by some
of the technologies discussed.

Site selection for disposing of radioactive matenals is
already a sensitive issue. As noted in the discussion
of land encapsulation in Chapter 2, states are
beginning to restrict the use of land within therr
borders for the disposal of commercial low-level
waste from other states.

Any disposal site for radioactive waste must be
selected or constructed such that it contains the
radionuclides as long as their concentrations are
unacceptable for release to the environment.

There are several guidance documents available from
EPA that provide information that should be
considered in selecting the location of a disposal site
[1-4].

8.3 Handling of Concentrated Residuals

Chemical extraction and physical separation
techniques applied to soil to remove radionuclides are
intended to clean the soil and reduce the volume of
contaminated materials. If that is done, there will be
fractions in which the radionuclides will be much
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more concentrated--1.e., the radioactivity per unit
volume will be much higher. Handling and disposal of
the concentrated materials will require precautions
appropriate to the activity level. DOT and NRC
regulations for containment and storage of radioactive
materials provide guidance for this situation.

Final disposal may be even more difficult after volume
reduction than it would be if the matenal were to be
excavated, transported, and disposed of without
treatment for volume reduction. In addition the
“clean” fractions may contain traces of toxic
chemicals used in the treatment process, along with
some traces of the radioactive contaminants.
Therefore, these fractions also may require
environmentally safe disposal.

Any attempt to put "cleaner” soil off site 1s likely to
meet with the same resistance as locating a disposal
site for all the matenal in the first place. The goal
would be to have a portion clean enough to be
replaced at the site.

8.4 Site Information Needs

For many sites, available information s limited
regarding the detalled physical, chemical, and
mineralogical charactenistics of the matrix maternals
associated with the radioactive contaminants. In some
cases. even the nature of the radionuclides present
does not appear to be known with certainty. More
detalled information is essential if use of chemical
extraction and/or physical separation techniques 1s
considered.

8.5 Mixed Wastes

Sites that contain radioactive waste matenals may
also contain other types of hazardous waste. Some of
the Superfund sites contain various types of
hazardous wastes and the radiwactive portion may
pose a relatively minor threat by companson. The
presence of other hazardous materiais may
complicate dealing with the radioactive portion of the
waste and vice-versa. This 15 an issue that is likely
to arise at many Superfund sites and would impact
the possible utility of some of the remediation
technologies. The disposition of waste containing both



radiological and chemical constituents ("mixed
wastes") poses unique problems that will have to be
addressed early in the technology screening process.

8.6 Public Reaction and Acceptance

Public concerns with respect to Superfund sites may
be magnified where radioactive wastes exist.
Concerns can be expected regarding the
contaminated site, moving the maternal (if necessary),
any processing or treatment location, and final
containment.

8.7 Costs

All methods with the exception of in situ techniques
will involve excavation costs for the materials.
Application of some of the technologies may result in
a reduced volume of radiolcgically contaminated
materials to be sent to a secure disposal suitable for
such materials. The cost of such disposal would
include transportation and land encapsuiation. The
“cleaner” fractions remaining after a treatment
process is completed must be analyzed for residual
contamination and evaluated for replacement at the
pomnt of ongin or at a suitable alternative site. There 1s
a cost associated with this placement.

Costs associated with a treatment technology can be
divided into development and implementation costs.
Development costs include several stages of
laboratory tests, studies and process designs leading
to pilot-scale testing, and final design. Additional
development costs involve fabrication, shakedown,
and final testing of a full-scale system under
controlled and field conditions. These costs could
range from under $1 million for a small system
applicable to one specific type of problem to many
millions for a larger system with numerous
subsystems, and applicable to numerous types of
problems.

Implementation costs when a treatment option s
chosen for a given site include mobilization and
demabilization, and operating costs. The mobilization
costs include all costs associated with performing
site-specific laboratory and/or pilot-scale testing;
selecting an operating site; preparing any permit
application materials or other administrative
documentation necessary for operations; interface
with local, state, and federal officials for such permits;
transportation, setup, and shakedown of the treatment
system on the site (including any site modifications
such as installation of water supply wells, power, road
access, operating areas, buildings, and other such
logistical site features); performing site-specific
testing to determine if the full-scale system performs
according to the laboratory and pilot-scale
predictions; and any other pre-operating types of
costs. Mobilization costs may range from a few tens
of thousands of dollars for a simple, small site to
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multiple millions at a site with a large, complex
instaliaton where complicated permitting issues have
been involved.

After operations are complete, demobilization costs
incurred nclude those assoclated with
decontarmination of the entire system and surrounding
operating site, disassembly and transport of the
system, final determination and documentation that
the treatment site has met the ARARs and has been
brought to a state protective of human health and the
environment, preparation of operations documenta-
gon, and any other site-specific costs associated
with the post-operation period. These costs can
range from a few tens of thousands of doilars to a
milllon dollars or more, depending upon the
complexity of the installation and the degree of
contamination.

QOperating costs include all those labor and material
costs needed to operate the treatment system at the
site, sometimes on a 24 hour-per-day basis; to
provide for site secunty and personnel safety; to
maintain record-keeping including permit-related or
mandatory adminustrative documentation for all site
actions; and to maintain the system in good operating
order. The costs per ton or per cubic yard must
include all applicable operating costs. These
operating costs per cubic yard are dependent upon
the capacity of the treatment system and the
percentage of the time that the system is operating as
opposed to being in a maintenance mode.

Operating costs depend fargely upon the cost of labor
at the site. Special protective clothing and special
handhing of the contaminated maternals (particularly
the concentrated maternals) could raise labor costs
well above those that might be expected for a
comparable crew size working at a nonradioactive
Superfund site. Some costs may be reduced due to
efficiencies in personnel monitoring and
decontamination of workers and equipment compared
to some of the lengthy procedures required for
hazardous chemicals, since radiation is relatively easy
to measure, especially compared to many chemicals.

Overall, the operating cost, if it 1s assumed to be
similar to on-site ncineration operations would
probably range from several hundred dollars per cubic
yard for a large, high-capacity system with a high
percentage of operating time, to several thousand
dollars per cubic yard for smaller capacity systems
having numerous maintenance problems and a large
crew.,

The costs must include disposal costs for
concentrated material and will be highly dependent on
how far treatment must be taken to allow unrestricted
disposal of the "cleaner” portion.



The costs of treatment for individual sites and groups
of similar sites can be examined in further detail to
determine the likely costs of such treatment and how
those costs compare with the costs of transportation
off site and land encapsulation.
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Chapter 9
Criteria for Further Studies

9.1 Introduction

Any choice of remediation technologies for radicactive
wastes at Superfund sites would have to be site-
specific. Since none of the chemical extraction and
physical separation technologies has been used in a
site remediation situation, their application must be
approached cautiously. The same holds true for
solidification or stabilization processes. Essentially,
only land encapsulation has been used to remediate
similar sites; ocean disposal has been used for low
level radioactive wastes [1-3].

9.2 Alternative Assessment Studies

A complete site characterization would include
mineral analysis, particle size distribution, radionuclide
contaminant distribution on various size fractions, soil
texture and permeability, moisture content, etc. A list
of some important site and waste characteristics that
may affect the applicability and effectiveness of
various technologies is presented in Table 19 [4].

Since further developments and studies on alternative
technologies for each Superfund site may be very
expensive, it is important to study the patterns in
waste charactenstics at various sites and develop
waste groups with similar major characteristics.
Alternative assessment studies can be used to help
select the alternative technologies to treat each waste
group. Thus, a preliminary screening of technologies
can be accomplished based primarily on the waste
characteristics.

Based on these alternative assessment studies, one
or more technologies, individually or in combination,
can be selected for further investigation.

Physical separation and combined physical separation
and chemical extraction techmiques will not apply i
radionuclides are uniformly distributed through all the
soll size fractions. This, however, is unlikely. The
highest concentration of radioactive matenals appears
to be contained n very fine particles [5,6].

Chemical extraction technologies may be applicable
to tailings and contaminated soils but may not be
apphcable to building debris and contaminated
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Table 19. Site and Waste Characteristics that Impact
Remediation Technologies

Site Characteristics
Site Volume

Site Area

Site Configuration
Disposal Methods

Chmate
Precipitation
Temperature
Evaporation

Soil Texture and Permeability

Soill Moisture

Slope

Drainage

Vegetation

Waste Characteristics
Quantity

Chemical Composition
Mineral Composition
Acute Toxicity
Persistence
Biodegradabiity

Total Radwactivity

Radioisotopes and Concentration

Ignitability

Reactivity/Corrosiveness
Treatabiiity
Thermal Properties

Depth of Bedrock

Depth to Aguiciudes
Degree of Contamination
Cleanup Requirements
Direction and Rate of Ground-
water Flow

Receptors

Drninking Water Wells
Surface Waters
Ecological Areas
Existing Land Use
Depths of Ground Water
or Plume

Infectiousness

Solubility

Volatility

Density

Partition Coefficient

Safe Levels in the Environment
Compatibility with Other
Chemicals

Particle Size Distribution
Radioactivity Distribution with
Particle Size

Source. [4]

equipment. Chemical extraction techniques may not
clean soil and tailings that contain a large guantity of
refractory minerals [7-9].

Discussed in this chapter are the various studies
needed to evaluate the technologies for their
applicability to site remediation.

9.3 Treatability Studies

When one or more remediation concepts are selected
that appear applicable, plans may be made for
bench-scale laboratory studies. Success there could
lead to pHot-scale testing and eventually to full-



scale demonstration of site cleanup. This step-wise
procedure can permit stopping or redirecting
development of a remediation technology that
appears unfruitful. Carefully developed work plans
and quality assurance plans must precede each step.

More detailed information about the selected
technologies would be developed at the bench-scale
stage. Examples of bench-scale studies required
include:

- For solidification or stabilization-selection and
performance evaluation of solidifying agents
compatible with the chemical composition of
the specific waste group.

- For flotation~development of surfactants that
enhance the removal of the contaminant in
specific mineral form while suppressing the
other minerals in the specific waste group.

- For chemical extraction with inorganic salts -
identification of specific inorganic salts and
determination of relevant process parameters
to effectively extract the radionuchde
contaminant from the specific waste group.

Based on the information developed in these studies,
detailed remediation processes can be selected that
may involve multiple technologies. Selection of any
process must include consideration of whether
appropriate disposal methods are available for both
the concentrated fractions and the “clean" fractions.
Preliminary cost information relative to each of these
processes would be developed along with
performance expectations. The criteria used to
evaluate these processes so that some processes
could be selected for further development could
include:

- Amount of expected waste volume reduction;

- Radioactivity of the expected “clean”
fractions;

- Applicability to other waste groups;

- Technological uncertainty;

- Potential risks to remediation personnel;

- Potential to construct mobile or transportable
units;

- QGeneration of any toxic by-products or
effluents;

- Potential to coremediate other hazardous
chemicals in the specific waste group;

- Total cost of remediation; and

- Disposal site availability.

9.4 Pilot-Plant Studies

After all the criteria listed above are weighed
appropriately, it is expected that no more than one or
two processes may qualify for pilot-scale testing for
a specific waste group.
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The pilot testing would be used to develop better
information on the performance of the process,
assessment of technical problems, and costs. Testing
must be carried out over a significant duration to
obtain reliabie data.

For field demonstration and full-scale site
remediation, the cnteria applied earlier could be used
to select a remediation process.

9.5 References

1. U.S. Environmental Protection Agency. Technical
Resource Documents on Hazardous Waste Land
Disposal. SW860 and SWB870 Series. Office of
Solid Waste, Washington DC. 1979-1987.

2. U.S. Environmental Protection Agency. Minimum
Technology Guidance on Double Liner Systems.
Draft. Office of Solid Waste. May 1985.

3. Council on Environmental Quality. Qcean
Dumping - A National Policy. A Report to the
President. U.S. Government Printing Office. 1970.

4. U.S. Environmental Protection Agency. Guidance
on the Preparation of Feasibility Studies.
Municipal Environmental Research Laboratory,
Cincinnatt Ohio Office of Emergency and
Remedial Response, Washington, D.C. 1983.

5. Olsson, R.K. Geological Analysis of and Source
of the Radium Contamination at the Montclair,
West Orange, and Glen Ridge Radium
Contaminated Sites. Department of Geological
Sciences, Rutgers University, New Brunswick,
New Jersey, 1986.

6. Borrowman, S.R., and P.T. Brooks. Radium
Removal from Uranium Ores and Mill Tailings.
U.S. Bureau of Mines Report 8099, 1975.

7. Ryan, R.K., and D.M. Levins.
Radium from Uranium Tailings.
October, 1980, pp. 126-133.

Extraction of
CIM Bulletin,

8. Yagnik, S.K., M.H.I. Hurst, and S. Seely. An
Investigation of Radium Extraction from Uranium
Mill Taillings. Hydrometallurgy, 7:61-75, 1981.

9. Ryon, AD., F.J. Hurst, and F.G. Seely. Nitric
Acid Leaching of Radium and Other Significant
Radionuclides from Uramum Ores and Tailings.
ORNL/TM-5944, Oak Ridge National
Laboratories, Oak Ridge, Tennessee, 1977.



Chapter 10

Conclusions

This report provides a technical review of the
technologies that may be useful in removing
radionuclides from radiologically contaminated
Superfund sites. As a result of this review, the
following conclusions have emerged:

10.1 Technological Approaches

Alteration or remedation of the radioactive
decay process, thus changing the
fundamental hazard, 1s not possible.

Remediation, to date, has only involved
removing contaminated material and
containing it in above-ground land
encapsulation, drums, or temporary storage
sites. This approach has substantial technical
backup.

Alternative treatment technologies that may
warrant further study include solidification,
vitrification, chemical extraction, physical
separation, and combinations of physical
separation and chemical extraction. Even f
these treatment technologies were effective,
some form of final disposal would always be
needed.

Various remediation technologies may have
potential to reduce the volume of the
contaminated waste with an associated
increase in concentration of the radioactive
material.

Remediation technologies generaily result in
the disturbance of contaminated matenal. The
additional risk to human health and the
environment must be weighed against leaving
the contaminated maternais on-site in a
contained state, if that is an option.

Physical separation and/or chemical extraction
technologies can potentially concentrate the
contamination, thereby reducing the volume
and weight of the waste material for final
disposal.
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Remediation may include soil ventilation and
shielding around homes to protect people
from radon and gamma radiation exposure.

Ocean disposal could potentially be a
technically viable method.

10.2 Disposal

All nonresidual waste must be disposed at a
final site that 1s designed to meet securnty and
longevity criteria appropriate for the
concentration of radioactivity that 1s present.

Capping could be a more suitable method
than areal removal of radon for controlling
radon emisstons from large sources.

10.3 On-Site Treatment

Sohdification and witrification technologies do
not reduce the amount of the contaminated
material. However, they may immobilize the
contamination in the waste material thereby
increasing the effectiveness and safety of the
conventional remediation (e.g., land
encapsulation). Solidification may actually
increase the volume by the addition of the
solidifying materials.

10.4 Chemical Extraction Technology

Several chemical extraction technologies
have been studied in the laboratory by
various investigators. These include the use
of salt solutions, mineral acids, and various
complexing agents to extract the radioactive
contaminants frem the soil. Several of these
experiments had relatively high extraction
efficlencies. For example, up to 97 percent
radium and 99 percent thorium were removed
using nitric acid and up to 92 percent of
radium was removed from uranium mill
tailings using EDTA.



Chemical extraction technologies potentially
applicable for treating radioactive wastes at
Superfund sites are being researched and
investigated. Significant development work at
bench and pilot scale would be required
before these technologies could be utilized at
full scale.

10.5 Physical Separation and Reduction

Physical separation technologies can only be
useful for those waste materials in which the
radioactive contamination resides in a certain
particle size fraction. This information about
the waste materials at the 20 Superfund sites
is not presently available in sufficient detail.
Extensive soll charactenzation s required at
these Superfund sites to better establish the
applicability of the physical separation
technologies.

The physical separation technologies are at a
mature stage of development. A significant
selection and variety of hardware are
avallable in the uranium mining industry. if
detailed soil characteristics at the
radiologically contaminated Superfund sites
are developed, 1t could be possible to design
specific systems for further bench-scale and
pilot-scale testing and evaluation.

10.6 Combined Physical Separation and

Chemical Extraction

At a specific site, using a combination of
physical separation and chemical extraction
technologies is likely to be more effective
than using either type of technology
separately.

10.7 General Issues

it is important to note that in some cases
there may be two categones of residual
contamination: process wastes and soils
contaminated with isolated radionuclides or
groups of radionuclides. While removal of the
radioactive fractions of soils contaminated
only with single radionuclides such as
uranium or plutonium might result in “clean"
fractions acceptable for unrestricted disposal,
removal of the radioactivity from a soil also
contaminated with process wastes may not.
In the second case the nonradioactive
fractions of the residues could result in an
unacceptable product. Therefore, before
considering any separation technique, it is
necessary that acceptable limits for both the
radiological contaminants and the non-
radiological contaminants be defined. In some
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cases, multiple treatments or combined
technologies could be required to achieve
environmental goals.

Every site remediation involving radioactive
materials must involve a final, environmentally
safe disposal site for the radioactive
materials.

Even if it proves feasible at a particular site to
lower the concentration of radionuclides in the
soll by physical separation and/or chemical
extraction to some acceptable level, the
"clean" fractions are likely to contain traces
of radionuclides. Therefore, adequate
attention must be given to whether the
“clean" fractions may be returned to the
origmnal site or an unrestricted location or
must be sent to a disposal site.

When developing technologies for cleanup at
a site, 1t 1s essential that a step-wise
procedure be used. This should begin with
assessment studies and bench-scale
testing, followed by pilot-scale testing. Only
if these are successful should full-scale
demonstrations be attempted. Carefully
developed work plans and quaiity assurance
plans should precede each step.

10.8 Site Characteristics

Twenty Superfund sites have radiologically
contaminated soil spread over 9500 acres. Of
these sites, five are DOE sites (3 FUSRAP
and 2 SFMP). [Data presented here are
accurate as of December 1987.]

Any choice of remediation technologies for
radioactive waste at Superfund sites would
have to be site specific. Extensive site soll
characterization studies, such as complete
mineral analysis, particle size distribution,
radionuclide-contaminated distribution, soll
texture, and permeability, would be required
prior to development and application of most
of the technologies, land encapsulation being
an exception.



Appendix A
Applicable Laws, Regulations, and Guidance

This appendix briefly presents some of the laws,
regulations, and guidance that are part of the
framework within which technologies may be selected
for remediation of Superfund sites. This report does
not attempt nor 1s it intended to provide a complete or
detailed analysis of how various laws, regulations, and
guidance apply in general or at a specific Superfund
site, nor is it intended to set or interpret policy for the
selection or use of technologies to clean up any
Superfund or other hazardous waste site.

Superfund sites are remediated under the provisions
of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) as
amended by the Superfund Amendments and
Reauthorization Act of 1986 (SARA). Several sections
of CERCLA and SARA are pertinent to the intent of
this document.

EPA undertakes remedial investigation and feasibility
studies (RI/FS) at National Priorties List (NPL) sites
where there is a release of a hazardous substance or
pollutant or contaminant, or threat of release, to
identify those releases and their nature, along with
planning and investigations necessary to direct
response actions. Radiologically contaminated sites
have qualified for the NPL.

Section 311 of CERCLA, commonly referred to as the
Superfund Innovative Technology Evaluation (SITE)
program, provides for demonstrations of alternative
technologies in the cleanup of sites on the NPL.
Radiologically contaminated sites and treatment
technologies, such as those described in this
document, may qualify for demonstration under this
program. The SITE program generally requires that a
technology developer bear the cost of demonstrating
his technology, while EPA bears the cost of its
evaluation. Proof of concept laboratory results must
be supplied by the technology developer before EPA
can consider funding a demanstration under this
program.

SARA Section 118(m) (not an amendment to
CERCLA) states that it is the sense of Congress that
fully demonstrated remediation methods, such as
off-site transport and disposal, are not necessarily
required at sites on the NPL because of the presence
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of radon. This section states that innovative or
alternative methods that protect human health in a
more cost effective manner may be used.

SARA Section 121 (Cleanup Standards) states a
strong statutory preference for remedies that are
highly reliable and provide long-term protection. In
addition to the requirement for remedies to be both
protective of human health and the environment and
cost-effective, additional remedy selection
considerations in 121(b) include:

® A preference for remedial actions that employ
treatment that permanently and significantly
reduces the volume, toxicity, or mobility of
hazardous substances, pollutants, and
contaminants as 1ts principal element.

e Offsite transport and disposal without treatment 1s
the least favored alternative where practicable
treatment technologies are available.

® The need to assess the use of permanent
solutions and alternative treatment technologies
or resource recovery technologies and use them
to the maximum extent practicable.

Section 121(d)}(2)(A) of SARA incorporates into law
the CERCLA Compliance Policy, which specifies that
Superfund remedial actions meet any Federal
Standard requirements, critenia. or imitations that are
legally applicable or relevant and appropriate
requirements (ARARs) under any Federal or state
environmental law.

CERCLA Section 104(a)(3) hmits Federal response
authority for releases of naturally occurring
substances in locations where they are naturally
found. However, this section does not apply for many
of the radiclogically contaminated Superfund sites.

The Low-Level Radioactive Waste Policy
Amendments Act of 1985 (LLRWPAA) requires states
and compacts to develop siting plans for low-level
radicactive waste (LLW) disposal facilities by January
1, 1988. These disposal facilities may receive
commercial mixed low-leve! radioactive and
hazardous waste (Mixed LLW), which is regulated by



the U.S. Nuclear Regulatory Commission (NRC)
under the Atomic Energy Act (AEA) as amended, and
by the EPA under the Resource Conservation and
Recovery Act of 1976 (RCRA), as amended. NRC
has promulgated LLW regulations and EPA has
issued guidance that pertains to the siting
requirements for disposal facilities for Mixed LLW.

Section 5(e)(1)(B) of the LLRWPAA requires states
and compacts to develop siting plans for LLW
disposal facilites by January 1, 1988. In addition to
other information, these siting plans must identify, to
the extent practicabie. the process for (1) screening
for broad siting areas, (2) identifying and evaluating
specific candidate sites, and (3) characterizing the
preferred site(s). it 1s anticipated that this process will
be based primarily on the site suitability requirements
that apply to LLW disposal. If facilities also receive
Mixed LLW, their siting requirements will reflect
additional requirements that apply to disposal of
hazardous waste as defined by RCRA.

Combined NRC-EPA Siting Guidelines for Disposal
of Commercial Mixed Low-lLevel Radioactive and
Hazardous Waste (see Addendum) provide guidance
to facilitate development of siting plans for disposal
facilities that may receive Mixed LLW.

Joint NRC-EPA Guidance as a Conceptual Design
Approach for Commercial Mixed Low-Level
Radioactive and Hazardous Waste Disposal Facihties
(see Addendum) presents a conceptual design
approach that meets the regulatory requirements of
both agencies for the safe disposal of Mixed LLW,
Other designs, or variations on the proposed design
concept, may also be acceptable under the
requirements of both agencies and will be reviewed
on a case-by-case basis as received.

Standards developed under Section 275 of the
Atomic Energy Act and Section 206 of the Uranium
Mill Tailings Radiation Control Act of 1978 may be
applicable or relevant and approprniate on a site
specific basis to the cleanup of radiologically
contaminated Superfund sites. In January 1983, the
EPA promulgated 40 CFR 192, Health and
Environmental Protection Standards for Uranium and
Thorum Mill Tailings under authority of these Acts.
The pertinent standards are contained in 40 CFR
192.12, 192.32, and 192.41, and deal with the
acceptable levels of radioactivity in residual maternais
and radiation emission levels from them, and with
disposal requirements. The disposal requirements
include a design life of at least 200 years and
preferably 1,000 years where reasonably achievable.

The Department of Energy (Office of Nuclear Energy)
operates four remedial action projects for
radiologically contaminated sites that parallel EPA’s
Superfund program. Remedial actions have been
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completed or are in advanced stages at some of
these sites. These DOE projects are as follows:

1. Formerly Utilized Sites Remedial Action Project
(FUSRAP) under authority of the Department of
Energy Organization Act of 1977.

2. The Uranium Mill Tailings Remedial Action Project
(UMTRAP) under authonty of Public Law 95-
604, the Uranium Mill Taihngs Control Act of
1978.

3. The Grand Junction Remedial Action Project
(GJRAP) under Public Law 92-314 (1972)
amended by Public Law 95-236 (1978).

4. The Surplus Facilities Management Program
(SFMP) under authority of the Department of
Energy Organization Act of 1977.

These projects are described in Appendix B.

In addition, DOE’s Office of Defense Waste and
Transportation Management (DWTM) is responsible
for safely managing defense waste as generated,
transporting it, and storing 1t, and 15 also responsible
for developing and implementing the technology
needed for long-term management and eventual
disposal of the waste.

One of the options for radioactive waste disposal is
ocean disposal. Ocean disposal I1s controlled by
regulations under the Marne Protection, Research,
and Sanctuaries Act of 1972, as amended. The
regulations are contamned in 40 CFR Parts 220
through 229 and are currently being revised. Perhaps
the most pertinent are found in 40 CFR 227, Criteria
for the Evaluation of Permit Applications for Ocean
Dumping of Matenals. A unique provision of the Act Is
that a permut may not be issued by EPA for ocean
disposal of radioactive matenals without the approval
of both Houses of Congress. The Act prohibits ocean
disposal of high level wastes; only low ievel wastes
are ehgible to be considered for a permut.

Although thus document has been specifically directed
at the remediation of Superfund sites, it may have
apphcability to permitted sites that require corrective
actions under RCRA as amended by the Hazardous
and Sold Waste Amendments of 1984 (HSWA). A
RCRA site can be placed on the CERCLA NPL if the
operator 1s bankrupt, unwilling to carry out corrective
action, or has lost his authorization to operate (see
Preamble to 40 CFR Part 300, June 10, 19886).



Addendum 1 - Combined NRC-EPA
Siting Guidelines for Disposal of
Commercial Mixed Low-Level
Radioactive and Hazardous Wastes

Introduction

The Low-Level Radioactive Waste Policy
Amendments Act of 1985 (LLRWPAA) requires states
and compacts to develop siting plans for low-level
radioactive waste (LLW) disposal facilittes by January
1, 1988. These disposal facilities may receive
commercial mixed low-level radioactive and
hazardous waste (Mixed LLW), which is regulated by
the U. S. Nuclear Regulatory Commission (NRC) the
Atomic Energy Act (AEA), as amended, and by the U.
S. Environmental Protection Agency (EPA) under the
Resource Conservation and Recovery Act (RCRA),
as amended. Mixed LLW is defined as waste that
satisfies the defimtion of LLW in the LLRWPAA and
contains hazardous waste that either 1s listed in
Subpart D of 40 CFR Part 261 or causes the LLW to
exhibit any of the hazardous waste characterstics
identified in Subpart C of 40 CFR Part 261. To assist
in applying that defimtion, NRC and EPA recently
developed joint guidance entitted "Guidance on the
Definttion and Identification of Commercial Mixed
Low-Level Radioactive and Hazardous Waste and
Answers to Anticipated Questions” (Jan. 8, 1987).
NRC has promuigated LLW regulations and EPA has
promulgated hazardous waste regulations that pertan
to the siing requirements for disposal facilities for
Mixed LLW. Because of uncertainty about the precise
content of EPA’s future location standards, states and
compacts may have questions regarding the site
selection process. This document provides combined
NRC-EPA siting guidelines, to be used before EPA’s
new location standards are promulgated, to facilitate
development of siting plans for disposal facilities that
may receive Mixed LLW.

Section 5(e)(1)(B) of the LLRWPAA requires states
and compacts to develop siting plans for LLW
disposal facilities by January 1, 1988. In addition to
other information, these siting plans must identify, to
the extent practicable the process for (1) screening
for broad siting areas, (2) identifying and evaluating
specific candidate sites, and (3) charactenzing the
preferred site(s). It is anticipated that this process will
be based primarily on the site suitability requirements
that apply to LLW disposal. If facilites also recewe
Mixed LLW, their siting requirements will reflect
additonal requirements that apply to disposal of
hazardous waste as defined by RCRA.

In 1982, NRC promulgated regulations which contain
miimum - site  suitability requirements for LLW land
disposal facilities in 10 CFR 61.50. EPA has also
promulgated minimum location standards for
hazardous waste treatment, storage and disposal
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faciities in 40 CFR 264.18. Considerations affecting
siting are also found in 40 CFR 270.3, 270.14(b) and
{c). Although both NRC and EPA have incorporated
siting requirements in existing regulations for LLW
and hazardous waste disposal, respectively, the 1984
Hazardous and Sohd Waste Amendments (HSWA) to
RCRA require EPA to publish guidance identifying
areas of vulnerable hydrogeology. In July 1986, EPA
published this guidance in "Critena for Identifying
Areas of Vulnerable Hydrogeology under the
Resource Conservation and Recovery Act -
Statutory Interpretative Guidance, July 1986, Interm
Final (PB-86-224953)." The 1984 HSWA also
requires (in Section 3004(0)(7)) that EPA specify
criteria for the acceptable location of new and existing
hazardous waste treatment, storage, and disposal
faciities. EPA antcipates proposing these location
standards in September 1987 and promulgating them
in final form by September 1988.

EPA’s scheduled date for promulgating its final
location standards 1s nine months after the LLRWPAA
January 1, 1988, milestone for non-sited states and
compacts to develop siting plans. Therefore, states
and compacts may require some assistance In their
efforts to develop siting plans for LLW disposal
faciliies that may receive Mixed LLW. The two
agencies are issuing these combined guidelines to
promote the development of siting plans by states
and compacts. Both NRC and EPA consider that the
absence of EPA’'s final comprehensive location
standards for hazardous waste disposal facilities 1s an
adequate basis for states and compacts to delay
development of siting plans for LLW disposal.

States and compacts should proceed at this time to
develop siting plans in accordance with the existing
NRC and EPA requirements. The following combined
NRC-EPA gudelines are provided for use by the
states and compacts, and are based on existing NRC
regulations in 10 CFR Part 61 and EPA regulations in
4 CFR Parts 264 and 270. As EPA continues its
development of location standards, both agencies will
strive to keep states and compacts informed about
the status of the developing siting requirements.

Combined NRC-EPA Siting Guidelines

Site suitability requirements for land disposal of LLW
are provided in 10 CRF Section 61.50. These
requirements constitute miimum technical require-
ments for geologic, hydrologic, and demographic
charactenstics of LLW disposal sites. Several of
these requirements identify favorable site
characteristic for near-surface disposal facilities for
LLW. The majority of the site suitability requirements,
however, identify potentially adverse site
characteristics that must not be present at LLW
disposal sites. The site suitability requirements in 10
CFR Part 61 are intended to function collectively with
the requirements for facility design and operation, site



closure, waste classification and segregation, waste
form and packaging, and institutional controls to
assure isolation of LLW for the duration of the
radiological hazard. The NRC Technical Position
entitled "Site Suitability, Selection, and
Charactenzation" (NUREG-0902) provides detailed
guidance on implementing the site suitability
requirements in 10 CFR Part 61.

EPA has also promulgated certain mimmum location
standards for hazardous waste treatment, storage,
and disposal facilities. These standards are provided
in 40 CFR Section 264.18. As previously noted, the
hazardous waste regulations also include other
location considerations as well as applicable
provisions of other Federal statutes. For example,
Subpart F of 40 CFR Part 264 requires establishment
of ground-water monitoring programs capable of
detecting contamination from land disposal units.
While not a siting cniterion per se this requirement
can preclude siting in locations that cannot be
adequately monitored or charactenized. A further
description of location-related standards and
applicable provisions of other Federal statutes can be
found in the "Permit Writers" Guidance Manual for
Hazardous Waste Land Storage and Disposal
Facilities: Phase | Cnteria for Location Acceptability
and Existing Applicable Regulations" (Final Draft -
February 1985). This guidance manual describes five
criteria for determining location acceptability; abiity to
characterize, exclusion of high hazard and unstable
terrain, ability to monitor, exclusion of protected lands,
and identification of areas of vulnerable hydrogeology.
The first four of these criteria have a basis in the
regulations and are fully described in the manual. The
fifth criterion, vulnerable hydrogeology, is defined in
the RCRA interpretive guidance manual mentioned
above (Criteria for Identifying Areas of Vulnerable
Hydrogeology under the Resource Conservation and
Recovery Act-Statutory Interpretive Guidance, July
1986, Interim Final (PB-86-224353)).

However, since HSWA also added other requirements
in addition to location standards to prevent or mitigate
ground-water contamination, EPA recognizes that
vuinerable hydrogeology must be considered in
conjunction with design and operating practices.
Vulnerability should not be the sole determining fact
in RCRA siting decisions. Rather, this crniterion
provides a trigger for more detailed evaluation of sites
that are identified as having potentially vulnerable
hydrogeology. The extent of necessary site review
and evaluation is related directly to the extent to
which a location "fails” or "passes" the vulnerabihty
criterion. Sites that are determined to be extremely
vulnerable will require much closer examination than
sites that are deemed non-vulnerable. The results of
this more detailed review may then provide a basis
for eventual permit conditions or modifications in
design or operating practices.
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By combining the above technical requirements,
standards, and guidance of both agencies, NRC and
EPA have formulated the eleven guidelines listed
below. The use of terms in the guidelines is
consistent with their regulatory definiton in 10 CFR
Part 61 and 40 CFR Parts 260 and 264. The
combined set of location guidelines is intended by the
agencies to apply only as guidance to states and
compacts developing siting plans for LLW disposal
facihties that may receive Mixed LLW. These
combined guidelines are not intended to displace
existing standards and guidance. In addition, the
independent guidance of both agencies should be
considered In any application of the combined siting
guidelines.

The combined siting guidelines for a commercial
Mixed LLW disposal facility are as follows:

I. Pnmary emphasis in disposal site suitability should
be given to 1solation of wastes and to disposal site
features that ensure that the long-term performance
objectives of 10 CFR Part 61, Subpart C are met.

2. The disposal site shall be capable of being
charactenzed, modeled, analyzed, and monitored. At
a minimum, site characternization must be able to (a)
delineate ground-water flow paths, (b) estimate
ground-water flow velocities, and (c) determine
geotechnical properties sufficiently to support facility
design. At a minimum for site ground-water
monitoring disposal site operators must be able to (a)
assess the rate and direction of ground-water flow in
the uppermost aquifer, (b) determine background
ground-water quality, and (c) promptly detect
ground-water contamination.

3. The disposal site must be generally well-drained
(with respect to surface water) and free of areas of
flooding or frequent ponding.

4. The disposal site shall not be in the 100-year
floodplain.

5. The site must be located so that upstream
drainage areas are minimized to decrease the amount
of runoff that could erode or nundate waste disposal
unus.

6. Disposal sites may not be located on lands
specified in 10 CFR Section 61.50(a)(5), ncluding
wetlands (Clean Water Act) and coastal high hazard
areas (Coastal Zone Management Act). Location of
facilities on the following lands must be consistent
with requirements of applicable Federal statutes:
archeological and historic places (National Histonc
Places Act); endangered or threatened tiabiiats
(Endangered Species Act); national parks,
monuments, and scenic rivers (Wild and Scen.c
Rivers Act); wilderness areas (Wilderness Protection



Act); and wildlife refuges (National Wildlife Refuge
System Administration Act).

7. The disposal site should provide a stable
foundation for engineered containment structures.

8. Disposal sites must not be located in areas where:

(a) tectonic processes such as faulting, folding,
seismic activity, or vulcanism may occur with such
frequency and extent to affect significantly the ability
of the disposal facility to satisfy the performance
objectives specified n Subpart C of 10 CFR Part 61,
or may preclude defensible modeling and prediction
of long-term impacts; in particular, sites must be
located more than 200 feet from a fault that has been
active during the Holocene Epoch;

(b) surface geologic processes such as mass
wasting, erosion, slumping, landshding, or weathering
occur with such frequency and extent to affect
significantly the ability of the disposal facility to meet
the performance objectives in Subpart C of 10 CFR
Part 61, or may preclude defensible modeling and
prediction of long-term impacts;

{c) natural resources exist that, if exploited, would
result in failure to meet the performance objectives in
Subpart C of 10 CFR Part 61;
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(d) projected population growth and future
developments within the region or state where the
facility is to be located are likely to affect the ability of
the disposal facility to meet the performance
objectives in Subpart C of 10 CFR Part 61; and

{e) nearby facilities or activittes could adversely
impact the disposal facility’s ability to satisfy the
performance objectives in Subpart C of 10 CFR Part
61 or could significantly mask an environmental
monitoring program.

9. The hydrogeologic unit beneath the site shall not
discharge ground water to the land surface within the
disposal site boundaries.

10. The water table must be sufficiently below the
disposal facility to prevent ground-water intrusion
into the waste, with the exception outlined under 10
CFR Section 61.50(a)(7).

11.In general. areas with highly vulnerable
hydrogeology deserve special attention in the siting
process. Hydrogeology 1s considered vulnerable when
ground-water travel time along any 100-foot flow
path from the edge of the engineered containment
structure 1s less than approximately 100 years
(Criteria for ldentifying Areas of Vulnerable
Hydrogeology Under RCRA-Statutory Interpretive
Guidance, July 1986, Interrm Final (PB-86-
224953)). Disposal sites located in areas of
vulnerable hydrogeology may require extensive, site-
specific investigations which could lead to and
provide bases for restrictions or modifications to
design or operating practices. However, a finding that
a site 1s located in an area of vulnerable hydrogeology
alone, based on the EPA criteria, 1s not considered
sufficient to prohibit siting under RCRA.



Addendum 11 Joint NRC-EPA
Guidance on a Conceptual Design
Approach for Commercial Mixed Low-
Level Radioactive and Hazardous Waste
Disposal Facilities

Introduction

The Low-Level Radioactive Waste Policy
Amendments Act of 1985 (LLRWPAA) requires that
the three operating low-level radioactive waste
(LLW) disposal facilities remain available through
1992. By that time, all states and compact regions
are required to assume complete responsibility for
LLW disposal. Both existing and new disposal
faciities may receive commercial mixed low-level
radioactive and hazardous waste {Mixed LLW), which
is regulated by the U.S. Nuclear Regulatory
Commission (NRC) under the Atomic Energy Act
(AEA), and by the U.S. Environmental Protection
Agency (EPA) under the Resource Conservation and
Recovery Act (RCRA). Mixed LLW 1s defined as
waste that satisfies the defintion of LLW in the
LLRWPAA and contains hazardous waste that either
(1) is listed as a hazardous waste in Subpart D of 40
CFR Part 261 or (2) causes the LLW to exhibit any of
the hazardous waste charactenistics identified n
Subpart C of 40 CFR Part 261. To assist in applying
this definition, NRC and EPA issued jont guidance
entitled "Guidance on the Definition and Identification
of Commercial Mixed Low-Level Radicactive Waste
and Answers to Anticipated Questions™ on January 8,
1987.

This jointly developed NRC-EPA guidance document
presents a conceptual design approach that meets
the regulatory requirements of both agencies for the
safe disposal of Mixed LLW. Other designs, or
variation of the proposed design concept may also be
acceptable under the requirements of both agencies
and will be reviewed on a case-by-case basis as
received.

EPA regulations 1n 40 CFR Part 264, Standards for
Owners and Operators of Hazardous Waste
Treatment, Storage, and Disposal Facllities, dentify
the design and operating requirements for owners
and operators that dispose of hazardous waste in
landfills [264.300 to 264.317]. These regulations
involve requirements for the installation of two or
more liners and a leachate collection and removal
system (LCRS) above and between the liners to
promote human health and the environment.
Exceptions to the double liner and leachate collection
system requirements are allowed, if alternative design
and operating practices, together with location
characteristics, are demonstrated to EPA Regional
Administrator to be equally effective in preventing the
migration of any hazardous constituent into the
ground water or surface water.
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NRC regulations in 10 CFR Part 61, Licensing
Requirements for Land Disposal Radicactive Waste,
ndicate that long-term stability of the waste and the
disposal site require mimimization of access of water
to the waste [61.7(b)(2)] and that the disposal site
must be designed to minimize, to the extent
practicable, the contact of water with waste during
storage, the contact of standing water with waste
during disposal, and the contact of percolating
standing water with wastes after disposal
[61.51(a)(6)]. The primary objective of the above
NRC regulations 1s to preclude the possibility of the
development of a “"bath-tub“ effect in which the
waste could become immersed in liqud (e.g.. from
infiltration of surface water runoff) within a disposal
unit below grade with a low-permeability bottom
surface.

The guidance on a conceptual design approach that
1s offered in the subsequent paragraphs is intended to
present basic design concepts that are acceptable in
addressing the regulations of both the NRC and EPA
with respect to requirements for hners, leachate
collection systems and efforts to mimimize the contact
of ligud with the waste. It should be recognized that
the guidance is being provided at the conceptual level
and that the design and details that are
complementary to specific site conditions need to be
engineered by potential waste facility owners and
operators. The application of the gudance in this
document will not affect the requirements for
licensees of waste disposal facilities to comply with all
applicable NRC and EPA regulations.

Conceptual Design

Sketches and a bnef discussion of the design
considerations for an above grade disposal unit are
provided. This design concept has been developed
pnmarily to demonstrate the integration of EPA’s
regulatory requirements for two or more liners and a
leachate collection system above and between liners
and the regulations of the NRC that require the
contact of water with the waste be munmimized. In
addition, the design concept fulfills the need under
both agencies’ regulations to assure long-term
stabdity and mimimize active maintenance after site
closure.

In this approach, the Mixed LLW would be placed
above the ornginal ground surface in a tumulus that
would be blended into the disposal site topography.
Schematic details of some of the principal design
features of an above grade Mixed LLW disposal unit
are provided in the sketches accompanying this
gurdance document. Figure A1 depicts the three
dimensional overall view of a concept Mixed LLW
disposal unit; Figure A2 provides detaills of the
perimeter berm, liners, and leachate collection
system; Figure A3 presents a cross-sectional view



of the covered portion of the disposal umit: and Figure
A4 describes the final cover system.

In the overall view of the Mixed LLW disposal facility,
the double liners leachate collection and removal

system are installed before the emplacement of the
Mixed LLW; and the cover system is added at
leachate

closure. The leak detection tank and

Figure A1. Mixed waste disposal facility.

. = Figure 2

collection tank are encircled by a berm that controls
surface water runoff from precipitation that would fall
directly on the waste facility site. The drainage pipes
in the upper primary collection system would collect
any leachate that could possibly develop above the
top flexible membrane hner and below the emplaced
waste. Any leachate collected would drain through
pipes to the pnimary leachate collection tank where
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" Collection & Removal System
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Coliection Pipes

Leak Detection Tank

Figure A2.

Double liner and leachate collection system.
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*The compacted clay layer 1s to be a minimum
3 feet In thickness and have a hydrauhc
conductivity less than 1 x 107" ¢cm/sec
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the leachate would be tested and treated, If required.
Any leachate collected by the lower leachate
collection and removal system would drain to the leak
detection tank. The development of significant
amounts of leachate from the solidified waste after
closure is not anticipated. This is because the closure
requirements provide that the cover must be
designed and constructed 1) to provide long-term
minimization of water infiltration into the closed
disposal facility, 2) to function with minimum
maintenance, 3) to promote drainage and minimize
erosion, and 4) to have a permeability less than or
equal to the permeability of any bottom liner system.
It is anticipated that the area shown on Figure A3
between the slope of the final cover and the run-on
control berm, where the tanks are located, would be
regraded and the tanks removed at the end of the
post-closure care period (normally 30 years) when
leachate development and collection is no longer a
problem.

Figure A2 provides the general details required by
EPA regulations for the double liner and leachate
collection and removal system. The penmeter berm
for leachate runoff control would assure that all
leachate is collected below the waste and safely
contained and transported through the drainage layers
and pipes to the tanks located outside the final cover
slope. NRC’s regulation requiring minimizing contact
of the waste with water are fulfilled by requinng the
waste to be placed above the level of the highest
water table fluctuation and above the drainage layers
where ieachate would collect. The bottom elevation of
the solidified Mixed LLW would be required in all

Instances to be at elevations above the top of the
perimeter berm.

In Figures A3 and A4, the design concepts for the
final cover over the sohdified waste zone and the
perimeter berm are presented. The actual zone for
placement of solidified Mixed LLW may consist of
different options, depending on the licensee's
selection. Options that would be acceptable include
use of stable high integrity waste contamers (HICs)
that have the spaces between containers filled with a
cohesionless. low compressible hll material or
placement of the waste in an engmneered structure,
such as a reinforced concrete vauit. A cover system
over the waste that would be acceptable to the EPA
and NRC 1s shown in Figure A4. The cover system
would consist of (1) an outer rock or vegetative layer
to minimize erosion and provide for long-term
stability, (2) a filter and drainage layer that transmits
infiltrating water off of the underiying low permeability
layers, (3) an mpervicus flexible membrane liner
overlying a compacted low permeabiiity clay layer,
and (4) a filter and dramnage layer beneath the
compacted clay layer. If the soldified waste zone
does not consist of an engineered vault structure with
a top roof, an addittonal compacted clay layer should
be placed immediately above the emplaced waste to
direct any water infiltration away from the waste zone.
Mixed LLW that contains Class C waste as
designated by NRC’s regulations would need to
provide sufficient thickness of cover matenals or an
engineered intruder barnier to ensure the required
protection against madvertent intrusion.

Final Cover

Figure A 3. Cross-sectional view A-A
{vertical scale exaggerated).
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Figure A4. Waste cover system

{vertical scale exaggerated).

Slope Designed for
Long-Term Stabiiity

Filter & Drainage
Layer

Rock or Vegetative Cover

Pipes Cutoff at Slope Following
Post-Closure Care Period

Surface Drainage Channel

Primary LCRS Collection Pipe
Leachate Detection Pipe
o LAt sy

Filter & Drainage
Layer _

Y

Solidified Waste
Zone

1"

— Double Liner & Leachate

o« i IIIL

AN //”
.'1. "' " a‘ff

///\\\// ///\\

Vanations on the above descnbed design approach
may include placement of the Mixed LLW in an
engineered reinforced concrete vault, a steel fiber
polymer-impregnated concrete vault, or double-
hined high integrity containers that are hermetically
sealed. If proposed by license applicants, these
variations would be reviewed by both the EPA and
NRC on a case-by-case basis to evaluate therr
acceptability and conformance with established
federal regulations.

For questions related to NRC regulations and design
requirements, contact:

Dr. Sher Bahadur, Project Manager

Dwision of Low-Level Waste Management and
Decommissioning

Mail Stop 623-SS

U.S. Nuclear Regulatory Commission

Washington, DC 20555
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Facility specific questions, permituing requirements,
variances and other related concerns should be
addressed to either the EPA regional office or state
agency authorized to administer the mixed waste
program as appropriate. For general questions related
to EPA regulations and design requirements, contact:

Mr. Kenneth Skahn, Senior Engineer
Waste Management Dwision

Mail Stop WH-565E

U.S. Environmental Protection Agency
401 M Street, SW

Washington, DC 20460






Appendix B
Characteristics of Man-Made Radiologically Contaminated Sites

Introduction

The type of remediation that may be reasonably
applied to sites contaminated with radioactive wastes
depends to a great extent upon the physical,
chemical, and mineralogical characteristics of the
matrix (e.g., soil) matenal. Other important factors are
the site location (e.g., proximity to a population
center), the volume to be remediated, the radioactive
elements, the level of radioactivity, and the presence
of other hazardous substances.

This appendix briefly describes the sites on the
Superfund NPL that contain radioactive matenals. In
addition, information is presented on the DOE’s
Formerly Utilized Sites Remedial Action Project
(FUSRAP), its Uranium Mill Tailings Remedial Action
Project (UMTRAP), Grand Junction Remedial Action
Project (GJRAP) and Surplus Facilities Management
Program (SFMP). The sites and remediation
experiences in DOE’s projects are very similar to
those of the Superfund program. In fact a few of the
DOE sites are on the NPL. Site information presented
in this Appendix is accurate as of December 1987.

Radiologically Contaminated Superfund
Sites

The information presented here has been compiled
from the wvarious written status reports and
investigation reports obtained principally from the EPA
Regional personnel who have the responsibility for
the descnbed sites. The descriptions are lmited to
the 20 sites currently listed on or proposed for the
NPL that are known to contain man-made
radicactive waste materials. These sites are listed in
Table B1, which is followed by the site descriptions.

A distinction exists between man-made radioactive
wastes and naturally occurring and accelerator
produced radioactive material (NARM), which has
been technologically concentrated or otherwise
altered in such a way that the potential for human
exposure has been increased. The uranium and
thorium series are hallmarks of naturally occurring
radioactive matenals. The majority of the listed
Superfund sites with radionuclide contamination are
presumed to be contaminated by elements in these
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series. The listed sites may not be the only
Superfund sites that are radiologically contaminated.
In fact, it may be expected that, as other Superfund
sites are more fully characterized, the list will expand.
On the other hand, there are a few Superfund sites
containing radioactivity of natural origin in measurable
amounts from the bedrock in the vicinity.

Two of the 20 sites described are landfills containing
solid waste, hazardous waste, and radioactive waste.
Ten of the sites are primarily talings from ore
processing. Four sites include radiologically
contaminated building materials. At least five of the
sites have been used as sources of fill material on
properties in their vicinities.

Contaminated site areas total more than 9,500 acres
and individually range from about one acre to 6,550
acres. The individual sites range from less than 50
cubic yards to more than 16 million cubic yards. The
largest volume sites (those containing more than one
million cubic yards) are uranium mill tailings sites.
There are five sites in New Jersey, four in Hlinois, four
in Colorado, and two in New Mexico. The remaining
sites are located in Massachusetts, Pennsylvania,
Kentucky, Missouri, and Utah.

1. Radioactive Waste Superfund Site ~
Description

Name and Location:

Shpack/ALl (adjacent landfills), Norton/Attleboro,
Massachusetts

EPA Contact Region I:
Robert Shatten, FTS 835-3679

Status:
NPL Final, Rank 672

Final site response assessment report, 11/21/85,
prepared by NUS Corp. for performance of
remedial activities. Monitoring program included
water samples from 10 observation wells and soil



Table B1. Radioactive Waste Superfund Sites

State/EPA

Site Name City/County Region
1. Shpack/ALl (Adjacent Landfills) Norton/Attleboro MAVI
2. Maywood Chemical Co./Sears Property Maywood/Bergen Co. NJ/H
3. U.S. Radium Corp. Orange, Essex Co. NJ/
4. W.R Grace & Co. (Wayne Plant) Wayne/Passaic Co. NJAI
5. Montclair, West Orange,and Glen Ridge Radium Sites Essex Co. NJAI
6. Lodi Municipal Well Lodi, Bergen Co. NJI
7. Lansdowne Property Lansdowne PAJII
8. Maxey Flats Nuclear Disposal Site Fleming City/Hilisboro KY/IV
9. Waest Chicago Sewage Treatment Plant West Chicago wv
10. Reed-Keppler Park West Chicago iwv
11 Kerr-McGee Off-Site Properties West Chicago 1Y)
12. Kerr-McGee Kress Creek/West Branch of Dupage River West Chicago v
13. The Homestake Mining Co. Uranium Mill Cibola Co. NM/Vi
14. United Nuclear Corp. Church Rock NM/VI
15 Weldon Spring Quarry St Charies City MO/VII
16. Monticello Radioactivity-Contaminated Properties Monticello San Juan, Co. UT/VIIE
17. Denver Radium Superfund Sites Denver CONVIN
18. Lincoln Park Canon City COVIit
19 U.S. DOE Rocky Flats Plant Golden CONVvIH
20. Uravan Uranium Project Montrose City/Uravan corvii

samples analyzed for priority pollutants and gross Approximate Area and Volume:
alpha, beta, and gamma radioactivity.
Shpack about 8 acres; ALl about 23 acres; 100 tons.
No Remedial Investigation/Feasibility Study
(RI/FS) available yet. Environmental Impact:

10,000 residents relying on well water within 1-

Radiation Data: mi radius. 270 residents live within 3-mi radius.

Ra-226, U-238, U-235, U-234 above natural About 35 private wells within 3 mile radius of the
background levels but uneven distribution n site serve approximately 130 people. ORNL 1982
surface and subsurface soil. K-40, Th-228, survey revealed no migration of radionuchdes into
Th-230 present. Rn-222, 240 pCi/l in ground ground water; no hydraulic gradient (vertical or
water. Some measured values in soil: Ra-228, horizontal) in underlying aquifers. Rn-222 at 328
1571 pCilg; U-238, 16,460 pCi/g; U-235, 200 pCi/l n ground water in 1980 study by private
pCi/g; U-234, 4,200 pCy/g. consultant considered suspect. Airborne
radionuclide contamination no apparent threat to

Matrix Characteristics: public. Based on existing data as of 11/85, no

indication of immediate public health threat.
Wetland or swamp area; sand, gravei, silt, and
clay, organic deposits. Nonradioactive Source of Information:
contaminants: 1,2-dichloroethylene, trichloro-

ethylene, tetrachloroethylene, chromium, Final Site Response Assessment Report D583-
cadmium, nickel. 1-5-22, Rewvision 2; prepared by NUS Corp.,
11/21/85.
Source:

Unknown, possibly manufacture of luminescent
dials and former operation of nuclear submarine
contractor.
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2. Radioactive Waste Superfund Site -
Description

Name and Location:

Maywood Chemical Co./Sears Property,
Maywood, Rochelle Park, New Jersey

EPA Contact Region II:
Pasquale Envangelista, FTS 264-2649

Status:
NPL Final, Rank 157.

Site was identified under FUSRAP, and DOE was
designated to perform remedial action related to
radioactive residues. Residential properties In
Maywood, Rochelle Park, and parts of Lodi, NJ
were remediated. Soil from old disposal areas
was removed. Temporary storage facility called
the Maywood Interim Storage Site (MISS)
developed. DOE conducting continuous
monitoring at MISS and detailed characterizations
of properties related to the Maywood site.

Radiation Data:

Elevated gamma radiation; gross alpha in water,
18.4 pCill. Surface soil Th-232, 70 pCi/g; Ra-
226, 10 pCi/g; U-238, 77 pCi/g. Subsurface soil
Th-232, 180 pCwg; Ra-226, 37 pCi/g; U-238,
<232 pCi/g. Stream sediment Th-232, 383 pCi/g;
Ra-226, 9 pCi/g; U-238 <57 pCi/g. Rn-222,
0.8-300 pCift in ground water.

Matrix Characteristics:

Tailings, soil, clay-like tailings; used as fill
material in several residential and commercial
properties; stream sediment; water; air.
Nonradioactive contaminants in soil and tailings:
arsenic, chromiwum, nickel, lead, cadmium,
beryliium, pesticides, methyl chloride, xyiene,
toluene, ethyl benzene, acetone, MEK.

Source:
Maywood Chemical Works; extraction of thorium.

Approximate Area and Volume:

42 acres (entire location), area of contamination
not known; 270,000 cu yd.

Environmental Impact:

36,000 residents within 4-mi radius. Radon gas
found by NRC at leveis higher than background in
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one residence. Elevated gamma radiation levels
on adjacent properties.

Source of Information:

"Characterization Report for Sears Property,
Maywood, New Jersey,” DOE/OR/20722-14Q,
Oak Ridge National Laboratory, May 1987.
"Engineering Evaluation of Disposal Alternatives
for Radioactive Waste from Remedial Actions in
and around Maywood, New Jersey,"
DOE/OR/20722-79, Oak Ridge National
Laboratory, March 1986.

EPA NPL Site Status Sheet

3. Radioactive Waste Superfund Site -
Description

Name and Location:

U.S. Radium Corp., Orange, Essex Co. New
Jersey

EPA Contact Region Ii:
Douglas Johnson, FTS 264-1870

Status:
NPL Final, Rank 423.

Limited site charactenization done at U.S. Radium
and satellite properties by EPA and NJDEP. Final
work plan for RI/FS prepared in July 1987. Field
investigation to begin in Fall 1987.

Radiation Data:

New Jersey Department of Environmental
Protection (NJDEP) has found radon and decay
products in ar in elevated concentrations and
gamma radiation levels around property
significantly above background levels. U-238,
U-234, Th-230 and Ra-226 present in soil
and concrete and Rn-222 n air.

Surface Soil:

Ra-226 3.2-670 pCi/g
U -238 minor

Subsurface Soil (2-4.5 ft):

Ra - 226 20890-3290 pCi/g
U - 238 90-12000 pCi/g



Matrix Characteristics:

Building materials, grounds, soil, surface, and
ground water.

Source:

Former radium ore processing plant, lab and
manufacturing facility, and radium cottage
industry.

Approximate Area and Volume:

One acre; estimated 10,000 cu yd of tailing waste
on-site.

Environmental Impact:

32,000 residents within 1/2-mi radius. NJDEP
has found radon and decay products in ar In
excessive concentrations; gamma radiation levels
around property greater than normal. Satellite
properties where radium dial painting and lab
work done may also be contaminated.

Source of Information:

EPA NPL Site status sheet. EPA Office of
Radiation Programs. "Final Work Plan for
Remedial Investigation and Feasibility Study, U.S.
Radium Corporation-site, City of Orange, Essex
County, New Jersey," Camp Dresser & McKee
Inc., for USEPA Apnl 1987.

4. Radioactive Waste Superfund Site -

Description

Name and Location:

W. R. Grace & Co. (Wayne Plant), Wayne, New
Jersey

EPA Contact Region li:
Carole Peterson, FTS 264-6190

Status:
NPL Final, Rank 214

Site was partially remediated in 1986 by DOE.
Private residences along Sheffield Brook, where
thorium tailings were carried by surface runoff
cleaned in 1986. Excavations continued in
July/August 1987. Completion of excavation is
contingent upon locating a final disposal facility.
Temporary storage of thorium tailings will be at
Wayne Intenm Storage Site (WISS) awaiting a
permanent disposal site in NJ. Most of the off-
site material has been removed.
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Radiation Data:

Total U, 2.7 pCifg; Th-232, 3.78 pCi/g; Ra-2286,
5.1 pCi/g; Ra-228, 6.9 pCi/g; gamma radiation
and Rn-222 in 1985 were less than in 1984
findings, due to remedial activities at the site.

Matrix Characteristics:

Sand and gravel; taillings from processing
monazite ores; tailings buried on-site; surface
and ground water; arr.

Source:

Thorium ore (monazite) extraction plant on-site.

Approximate Area and Volume:
6.5 acres; 120,000 cu yd.

Environmental Impact:

51,000 residents within 3-mi radius. Extensive
soil contamination. The potential for further
contamination by runoff has been abated
somewhat by work done to date at site.

Source of Information:

"Wayne Interim Storage Site Annual Site
Environmental Report Calendar Year 1985,"
DOE/OR/20722-103, Oak Ridge Operations
Office. August 1986.

5. Radioactive Waste Superfund Site -

Description

Name and Location:

Montclair/West Orange Radwum Site and Gien
Ridge Radium Site, Essex County, New Jersey

EPA Contact Region li:
Robert McKnight, FTS 264-1870

Status:
NPL Final, Rank 178

EPA released a draft Remedial Investigation and
Feasibility Study (RI/FS) report 9/85. New Jersey
Department of Environmental Protection (NJDEP)
began remediation of nine residential properties
by excavating contaminated soll 6/85. EPA RI/FS
report considered remedial cleanup and disposal
alternatives. Due to the extent of radium
contamination, EPA has been conducting
additional field studies. As of 3/87, EPA has been
unable to solve the soil disposal problem and is



developing a supplemental RI/FS to focus on
continuing protective action while final remedy is
developed.

Radiation Data:

Rn-222 gas in homes, 0.5-440 pCi/l before
remediation; radium in soil above background in
40% of properties; Ra-226, U-234 present.
Gamma radiation levels as high as 1300 uR/hr.

Subsurface concentration:
Ra 1 - 5386 pCi/g (maximum)
Th 1 - 4620 pCi/g(maximum)
U 1 - 248 pCi/g(maximum)

Matrix Characteristics:

Ash and cinders in discrete pockets; also
apparently mixed with soil (silt, sand, and gravel)
or used alone as fill.

Source:

Alleged to be former radium-processing facility
nearby.

Approximate Area and Volume:

127 acres; 350,000 cu yd total in three separate
areas; over 750 properties involved.

Environmental Impact:

Approximately 750 properties in three areas.
76,000 residents within 3-mi radius. EPA,
Centers for Disease Control (CDC), Agency for
Toxic Substances and Disease Registry (ATSDR)
have determined the long-term impact on health
of residents.

Source of Information:

Superfund Program Fact Sheet 5/86; update
11/86 and 3/87.

"Radon Contamination i Montclair and Glen
Ridge New Jersey Investigation and Emergency
Response," by J.V. Czapor and K. Gigliello, and
J. Eng.

"Feasibility study for Montclair/West Orange, Glen
Ridge, New Jersey Radium Sites”, Draft Final
Report, USEPA, 1985.
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6. Radioactive Waste Superfund Site -

Description

Name and Location:

Lodi Municipal Well, Lodi, Bergen County New
Jersey

EPA Contact Region II:
Richard Wice, FTS 264-1870

Status:
NPL proposed.
Well closed 12/83.

RI/FS Work Plan being prepared. Field activities
scheduled to begin Fall 1987. RI/FS will determine
whether the source of contamination may be
attributed to either a man-made contaminant or
a naturally occurring source.

Radiation Data:

One well out of nine contaminated with gross
alpha radiation from U-238 decay.

Matrix Characteristics:

Ground water; VOCs present in most of nine
wells.

Source:

Possibly nearby thorium-processing facility, or
may be natural source.

Approximate Area and Volume:
One well radiologically contaminated; 2.35 sq mi.

Environmental Impact:

One well closed due to radiological contamination.
Other eight are shut down due to volatile organic
contamination. Lodi using alternate water supply.

Source of Information:
EPA NPL status sheet.

7. Radioactive Waste Superfund Site -

Description

Name and Location:

Lansdowne Property, 105-107 E. Stratford Ave.,
Lansdowne, Pennsylvania



EPA Contact Region il
Vic Janosik, FTS 597-8396

Status:
NPL Final, Rank 703.

Based on a radiological assessment of the
property and a remedial action plan prepared by
Argonne National Laboratory in 1985, EPA has
decided to dismantle the duplex residence and
dispose of contaminated materials at a licensed
burial site (Hanford, WA).

Radiation Data:

Elevated gamma radiation levels. Soil, sewer
lines, building materials contaminated with Ra-
226, Th-230, Ac-227, and Pa-231. Rn at
0.021 - 0.309 working level (WL). Concentration
in soil: Ra-226, 797 pCi/g; TH-230, 30 pCi/g.

Matrix Characteristics:

Soil, concrete, other building materials, sewer line
waste.

Source:

Basement operation for radium purnfication and
packaging by former occupant.

Approximate Area and Volume:

52,000 sq ft of land; 2,000 cu yd contaminated
soil, extending to 8 ft depth.

Environmental Impact:

Severe contamination of building and surrounding
grounds. One family in area. ATSDR issued
(3/85) health advisory warning that radiation levels
in the structure were unsafe.

Source of Information:

Radiological Assessment Report and Remedial
Action Plans for the Lansdowne Property,
prepared by Argonne National Laboratory.

8. Radioactive Waste Superfund Site -
Description

Name and Location:

Maxey Flats Nuclear Disposal Site, Fleming City,
Hillsboro, Kentucky

EPA Contact Region IV:
Harold Taylor, FTS 257-2234

Status:

NPL Final, Rank 612 RI/FS work plan completed
6/30/86 with focus on risk assessment and
evaluation of alternative remediation, based on
containment of waste. Consent order entered into
3/87 by EPA and site steering committee to
perform RI/FS per work plan.

Radiation Data:

Transuranic nuclides in the environment; elevated
concentrations of tntium, cobalt and strontium.
Site contains 2.4 million Ci of radioactivity
including 430 kg of special nuclear material and
64 kg of plutonium. Gamma radiation 10-32
uR/Mhr; 30,000 pCi/cu m activity level.

Matrix Characteristics:

Low-level radioactive waste burial facility;
leachate, soil, ar; flora, fauna. Nonradioactive
contaminants: benzene, naphthalene, d-n-
oxylphthalate, 1,4-dioxane, dichlorodifluoro-
methane, 1,1-dichloroethene, pentanol, ethyl-
enediaminetetracetic acid, 2-methylpropionic
acid,2-methylbutanoic acid, 3-methylbutanoic
acid, valeric acid, isobutyric acid, 2-methyi-
butyric acid, 3-methylbutyric acid, pentanoic
acid, 2-methylpentanoic acid, 3-methyl-
pentanoic acid, Cg-branched acids, phenai,
hexanoic acid, 2-methylhexanoic acid, cresol
(1isomers), 2-ethylhexanoic acid, Cg-branched
acid, benzoic acid, octanoic acid, phenylacetic
acid, phenylpropionic acid, phenylhexanoic acid,
toluic acid, p-dioxane, methyl isobutyl ketone,
toluene, xylene (isomers), cyclohexanol, dibutyl
ketone, fenchone, triethyl phosphate,
naphthalene, tributyl phosphate, a-terpineol.

Source:

Disposal site for various low-level radioactive
waste sources.

Approximate Area and Volume:

280 acres (total site), 25 acres (contaminated),
178,000 cu yd.

Environmental Impact.

One hundred residents live within 1-mi radius.
Leachate escaping through bedrock fractures into
underlying sandstone and trenches. Leachate
from a number of trenches contains soluble
plutonium. Evidence of migration of tritium from



trench water to wells has been established but
not in high enough levels to pose a public health
hazard. Local residents are on public water
supply system, however.

Source of Information:
RI/FS Work Plan (6/86).

9. Radioactive Waste Superfund Site -
Description

Name and Location:

West Chicago Sewage Treatment Plant, West
Chicago, lliinois

EPA Contact Region V:
Nei#l Meldgin, FTS 886-4726

Status:

NPL proposed. The Remedial Investigation Report
has been completed. Samples were analyzed for
metals, radon, thoron and thorium. Values were
presented for As, Ba, Cd, Cr, Fe, Pb, Hg, and Se.

Radiation Data:

The nominal concentration of Th-232 in the soll
was 4900 pCig; Th-232, 0.03 pCi/l; Th-230,
0.4 pCi; and Ra-226, 0.03 pCit were measured
in the ground water, gamma radiation, 2000-
3000 pR/hr.

Matrix Characteristics:
Soil; till; gravel; ground water; monazite ore.

Approximate Area and Volume:

25 acres (includes plant site and Reed-Keppler
Park and not just contaminated area); 40,000 cu
yd.

Source:

The Rare Earths Facility, an ore processing
facility that had been used to process thorium and
rare earth ores containing radioactive thorium,
uranium, and radium.

Environmental Impact:

There are several routes of potential risks to the
environment and public health, including direct
external radiation exposure; inhalation exposure;
and ingestion of contaminated soils, ground
water, and surface water. The contaminated
media at the site are wastes from the Rare Earths

N

Facility. The primary radionuclide present 1s
thorium-232.

Source of Information:

Kerr-McGee
Chicago, {Hlnots,

Remedial Investigation Report,
Radiation-sites, West
September, 1986 CH2M Hill.

10. Radioactive Waste Superfund Site -
Description

Name and Location:
Reed-Keppler Park, West Chicago, llinois

EPA Contact Region V:
Neil Meldgin, FTS 886-4726

Status:

NPL proposed. The Remedial Investigation Report
has been completed. Samples were analyzed for
23 metals, Th-232, U-238, Ra-228, and Ra-
226 in the soll; and gross alpha, Th-232, and
Ra-226 in the ground water. Radiation Data The
concentrations of radioactivity in the ground water
samples were: Th-232, 23 pCi/l and Ra-226,
7.6 pCi/ll. In the soll sample, Th-232 up to
11,000 pCi/g. Gamma exposure levels up to
16,000 puR/r.

Matrix Characteristics:
Till, gravel, ground water, and ar.

Approximate Area and Volume:

It is estimated that 20,000 cu yd of thorium-
contaminated matenal 1s located within the Park in
11,000 sq yd area.

Source:

The Rare Earths Facllity, an ore processing
facility that had been used to process thorium and
rare earth ores contaning radioactive thonum,
uranium, and radium.

Environmental Impact:

There are several routes of potential risks to the
environment and public health including direct
external radiation exposure; inhalation exposure;
and ingestion of contaminated soils, ground
water, and surface water. The contaminated
media at the site are wastes from the Rare Earths
Facility. The primary radionuclide present is
thorium-232.



Source of Information:

Remedial Investigation Report, Kerr-McGee
Radiation-sites, West Chicago, IHinois,
September, 1886 CH2M Hill.

11. Radioactive Waste Superfund Site -
Description

Name and Location:

Kerr-McGee Off-Site Properties,
Chicago, lllinois

West

EPA Contact Region V:
Neil Meldgin, FTS 886-4726

Status:

NPL proposed. The Remedial Investigation Report
has been completed. Mitigation procedures were
carried out at 116 locations.

Radiation Data:

Contamination in excess of 2000-3000 pR/hr
was noted prior to the mitigative measures. Th-
232 up to 16,000 pCi/g in soil was measured.

Matrix Characteristics:
Till, gravel, fiil, talings.

Approximate Area and Volume:

The area consists of 117 residential lots of
various sizes. Approximately 61,000 cu yd.

Source:

The Rare Earths Facility, an ore-processing
facility that had been used to process thonum and
rare earth ores containing radioactive thorium,
uranium, and radium.

Environmental Impact:

There are several routes of potential risks to the
environment and public health including direct
external radiation exposure; inhalation exposure;
and ingestion of contaminated sois, ground
water, and surface water. The contaminated
media at the site consists of wastes from the
Rare Earths Facility. The primary radionuclide
present is thorium-232.
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Source of Information:

Remedial Investigation Report, Kerr-McGee
Radiation-sites, West Chicago, llinois, Septem-
ber, 1986 CH2M Hill.

12. Radioactive Waste Superfund Site -
Description

Name and Location:

Kress Creek and the West Branch of the DuPage
River, West Chicago, {linois

EPA Contact Region V:
Neil Meldgin, FTS 886-4726

Status:

The Nuclear Regulatory Commission (NRC)
issued an order to Kerr-McGee to prepare a
cleanup plan for Kress Creek and affected
portions of the West Branch of the DuPage River.
The NRC’s Atomic Safety Licensing Board upheld
Kerr-McGee’s challenge. The NRC staff has
appealed this decision. Should the appeal fall,
EPA must consider using Superfund to remedy
the creek and river contamination.

Radiation Data:

About 1.5 mi of creek and river are contaminated
In the streams and along the banks. Peak total
thorium concentrations are 555 pCi/g at a depth
of 60 cm (2 ft). Thonum has been identified as
deep as 170 cm (6 ft). Peak gamma levels are
250 pR/hr along the bank.

Matrix Characteristics:
Sediment, soil, taillings.

Approximate Area and Volume:

Undetermined but substantial. Affected area is
about 1.5 miles of creek and river bed and the
adjacent banks.

Source:

The Rare Earths Facility, an ore processing
facility that had been used to process thorium and
rare earth ores containing radioactive thorium,
uranium, and radium.

Environmental Impact:

There are several routes for potential risks to the
environment and public health, including direct
external radiation exposure; inhalation exposure;



and ingestion of contaminated soils, ground
water, and surface water. The contaminated
media at the site consists of wastes from the
Rare Earths Facility. The primary radionuclide
present is Th-232.

Source of Information:

Comprehensive Radiological Survey of Kress
Creek, West Chicago Area, lltinois, February
1984, Oak Ridge Associated Universities.

13. Radioactive Waste Superfund Site -
Description

Name and Location:

The Homestake Mining Co. Uranium Mill, Cibola
County, New Mexico, about 5.5 miles north of
Milan.

EPA Contact Region VI:
Ursula Lennox, FTS 255-6735

Status:

NPL Final, Rank 528. Homestake and EPA signed
an Administrative Order mn June 1987 for
implementation of a workplan for a radon RI/FS
developed by New Mexico’s contractor, Geomet.
A 15 month RI testing program will be started by
Homestake in November 1987. Naturally
occurring dispersed tailings, ground water
contamination, and tailings piles may be
considered as to how they act as sources.

Radiation Data:

Rn-222 in the awr, 0.03 WL; radium in the mill
tailings, 60-100 pCv/g; uranium in the water, 720
ppb. One year monitoring study of indoor and
outdoor radon concentrations. Outdoor radon
concentrations ranged from 0.05 pCi/l
(background) to 2.6 pCi/l.

Matrix Characteristics:
Soil, tailings, ground water, and arr.

Approximate Area and Volume:

245 acres at 6,600 foot elevation; 16,500,000 cu
yd.

Source:
Potential sources are:

Homestake Mining Company uranium mill tailings,
Anaconda mill tailings, Ambrosia Lake mining
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area, and areas of near-surface uranium
mineralization.

Environmental Impact:

About two hundred peopie depend upon the
shallow aquifer as a water supply. An alternate
water supply is in place, and aquifer restoration
by Homestake has been somewhat successful.
Radon levels indoors and outdoors in several
subdivisions near the mill may be above
background.

Source of Information:

Geomet Report Number |E-1739, March 20,
1987. "WORK PLAN FOR HOMESTAKE MINING
COMPANY STUDY AREA NEAR MILAN, NEW
MEXICO," RI/FS for E.I.D., R.P.B., State of New
Mexico.

14. Radioactive Waste Superfund Site -
Description

Name and Location:

United Nuclear Corp., Church Rock, New Mexico.
The site is 15 miles northeast of Gallup, New
Mexico.

EPA Contact Region VI:
Alan Tavenner, FTS 255-6735
Status:

NPL Final, Rank 651 Remedal Investigation
begun January, 1985. United Nuclear s
developing a reclamation plan. The RI/FS 1s
scheduled for completion Spring, 1988

Radiation Data:

Measurements of ground water showed levels as
high as 12.6 pCyl for Ra-226 and Ra-228 and
8.15 pCil for uranium. Th was measured at
40,000 pCift and Ra at 45 pCi/l. Data are shown
for As, Cr, Se, Cd, Pb, N, and SO4.

Radioactive Tailings
Contaminants  Pile (pCvg) Pond (pCifl)
U-238 29 3.9 x 103 pCi
Th-230 290 9.3 x 104 pCi1
Ra-226 290 1.3 x 102 pCi
Rn-222 no data no data



Matrix Characteristics:

Tatlings, ground water. Nonradioactive
contaminants:
Pond (mg/)
arsenic 1.22
barium 0.29
cadmium 0.11
lead 1.56
mercury 0.5 x 10-3
molybdenum 2.30
selenium 0.53
vanadium 46.94
zinc 7.22

Approximate Area and Volume:

The mill tailings pond covers 170 acres and is
15-20 ft thick; 4,700,000 cu yd.

Source:

The source of the radiation is a uranium mill site,
largely from the tailings ponds.

Environmental Impact:

Several people use the shallow alluvial aquifers in
the area. A break in the tailings dam in 1979 sent
93 million gallons of tailings flud into the Rio
Puerco. The upper Gallup aquifer is contaminated
in the vicinity of the tailings pond. The alluvial
aquifer is also contaminated.

Source of Information:

Site Status Summary, May, 1987 and Technical
Memorandum, Phase | Field Study, RI/FS, United
Nuclear, Church Rock, N. Mexico, October 4,
1985, CH2M Hill.

15. Radioactive Waste Superfund Site -
Description

Name and Location:
Weldon Spring Quarry, St. Charles City, Missour
EPA Contact Region VII:
Katie Biggs, FTS 757-2823
Status:
NPL Final. Under an agreement with EPA (4/87),
DOE will clean up quarry and all nearby
contaminated properties and develop an

Environmental Impact Statement incorporating all
the requirements of a RI/FS.
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Radiation Data:

According to results of monitoring by DOE and
the U.S. Geological Survey (USGS), radicactive
materials have been released to surface water,
ground water, and arr. Thorium, uranium, and
radium residues have been placed in quarry.

Matrix Characteristics:

Drums, process equipment, building rubble,
debns, raffinate sludges and soils which range
from gravelly to clay-lke and organically rich.
Soils and sludges are variably contaminated with
TNT, DNT, and other organics.

Source:

Uranium and thorium ore processing. Previously
US Army Ordnance works.

Approximate Area and Volume:

220 acre complex; quarry 1s 9 acres; 780,000 cu
yd radioactive matenal; 51,000 cu yd radioactive
residues were deposited In quarry along with
other wastes.

Environmental impact:

Potential contamination of alluvial aquifer 0.5 mi
from quarry, serving 58,000 people. Uranium and
radium have been detected in off-site monitoring
wells, with radium concentrations exceeding
drinking water standards.

Source of Information:

Status report from EPA Region VI

16. Radioactive Waste Superfund Site -
Description

Name and Location:

Monticello Radioactivity-Contaminated Prop-
erties, Monticelio, Utah (San Juan County)

EPA Contact Region VIli:
Lam Nguyen, FTS 564-1519
Status:

NPL Final, Rank 502. DOE has assumed
responsibility for most of the remedial action. EPA
ts negotiating Memorandum of Agreement (MOA)
with DOE to better define respective roles n
clean-up activites. DOE has authorized clean-
up of 15 properties and is studying several more



for inclusion in program. EPA conducted a
planned removal action of two of the most
contaminated structures in Monticello during
1983-1984.

Radiation Data:

Widely dispersed radioactive tailings; U-238, -
234, -226, Th-230, Rn-222, Ra-226.

Exposure Rates:

Ra-226  1-23,000 pCi/g
U-238 1-24,000 pCi/g
U 18,000 pCi/g

Matrix Characteristics:

Tailings from vanadium and uranium ore
processing; radioactive tailings widely dispersed
throughout town as fill matenal and as aggregate
for mortar and concrete. Vanadium 1-16,532

Source:

Uranium and Vanadium ore processing In
Monticellc plant from 1942 to 1960. Some tailings
may have been brought in from another mill in
Dry Valley.

Approximate Area and Volume:

152 potentally contaminated properties; 182,000
cu yd.

Environmental Impact:

1500 residents within 1/2-mi radius. 152
potentially contaminated properties. Widely
dispersed contamination, apparently mostly in
near-surface solls.

Source of Information:

4/87 Fact Sheet. EPA Office of Radiation

Programs

17. Radioactive Waste Superfund Site -
Description

Name and Location:

Sites,

Denver Radium Superfund Denver,

Colorado
EPA Contact Region Vil

Marilyn Null, FTS 564-1698
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Status:

NPL Final, Rank 269. Feasibility Studies have
been completed for ten fund-tead operable units
and for four fund-lead operable umit ROD’s are
pending. Remedial Design i1s underway at four
operable units. Negotiations with Potentially
Responsible Parties are underway at the
enforcement-lead operable unit.

Radiation Data:

U-234, -2838, Th-230, Ra-226, Rn-222
present. Maximum gamma radiation
concentrations at properties included in the site
ranged from 57 pR/hr to 2,547 pR/hr, maximum
radium concentrations ranged from 79 pCi/g to
5,093 pCi/g, and maximum radon decay progeny
levels of 0.30 WL (grab) have been measured on
the site.

Matrix Characteristics:

Asphait, soll, pond bottom sediment, building
debris and contents, ground water, and airborne
particulates.

Source:

Former Denver National Radium Institute and
other processors involved in radium processing
through World War | and early 1920s, generating
large quantities of radioactive residues.

Approximate Area and Volume:

Approxtmate volume 106,000 cu yd, covering a
total of about 40 acres in 44 locations within a
4-mi radius of downtown Denver.

Environmental Impact:

Potential nsk to human health, including direct
exposure, inhalation of radon, ingestion of
radionuclides and contaminated media.

Source of Information:

Final Feasibility Study, Denver Radium site,
Operable Unit X, 6/87; Final Feasbility Study &
Responsiveness, Denver Radium Site, Operable
Units IVV, Vols. | & Il, 9/86; Remedial Alternative
Selection and Community Relations
Responsiveness Summary, Operable Unit VI,
3/86. Remedial Investigation Report April 1986.



18. Radioactive Waste Superfund Site -
Description

Name and Location:

Lincoln Park, Canon City, Colorado
EPA Contact Region VIIi:

Gene Taylor, FTS 564-1519
Status:

NPL Final, Rank 621. RI/FS submitted to EPA by
the State for review 3/86. Memorandum of
Agreement between State and EPA 4/86, the
State of Colorado has lead responsibility for
negotiations development and implementation of a
remedy.

Radiation Data:

Groundwater quahty studies per 1987 USGS
report included Ra-226 between 0.05 and 1.6
pCi/l, and U-234 and -238 between 0.4 and
5,700 pg/.

Matrix Characteristics:

Contaminated ground water dernved from unlined
tailings ponds. Nonradioactive contaminants:
molybdenum and selenium.

Source:
Uranium mill (Cotter Corporation).
Approximate Area and Volume:
900 acres; 1,900,000 tons.
Environmental Impact:

386 residents within 3-mi radius. Contaminated
ground water in the wvicimty and down gradient.
No permitted dnnking water wells n the area.
Company’s monitoring data indicate a plume of
contaminants, including molybdenum, uranum,
and selenium extending from mill and affecting
private wells that were serving 200 people.

Source of Information:

4/87 Fact Sheet. "Ground-water Flow and
Quality Near Canon City, Colorado." US
Geological Survey, WRI Report 87-4014, 1987.
EPA Office of Radiation Programs.
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19. Radioactive Waste Superfund Site -
Description

Name and Location:
U.S. DOE Rocky Flats Plant, Golden, Colorado

EPA Contact Region VIii:
James Littlejohn, FTS 564-1519

Status:
NPL proposed. Compliance agreement entered
into by DOE, EPA, and Colorado Dept. of Health
7/86, defining respective roles and
responsibilitties. DOE 1s responsible for remedial
actions. RI/FS work plans completed 2/87; results
due 7/87. DOE has done some remedial work
such as capping and removing plutonium-
contaminated soil.

Radiation Data:
Plutonium and tritium releases.

Matrix Characteristics:
Soil and sediment; wastewater impoundments.

Source:

Production of nuclear weapons triggers; plutonium
recovery; americium research.

Approximate Area and Volume:

6,550 acres total area; 91 sites; over 1,000 waste
streams.

Environmental impact:

Plutonum and trnitium have contaminated soils
and sediments in surface water. Ground water
has been contaminated with nitrate.
Approximately 80,000 people live within 3 mi of
the facility.

Source of Information:

4/87 Fact Sheet; 7/85 NPL Fact Sheet.

20. Radioactive Waste Superfund Site -
Description

Name and Location:

Uravan Uranium Project, Montrose City, Uravan,
Colorado



EPA Contact Region VIII:
Holly Fliniau, FTS 564-1519
Status:

NPL Final Rank 275. State of Colorado
negotiating remedy with responsible parties. EPA
and State have entered into MOA 4/86,
designating State to pursue effective remedy. The
State of Colorado has negotiated an agreement
with Responsible Parties, and the agreement has
been approved by U.S. District Court. EPA
submitted comments to State on remedial action
plan 12/86.

Radiation Data:

Radionuclides and Rn-222, U-234, U-238;
Th-230; Ra-226.

Th 16,000 - 165,000 pCul
U 1,500 - 16,000 pCil
Ra 66 - 676 pCi/

Matrix Characteristics:

Ground water and arr, raffinate, tallings, surface
water. Selenium, nickel, ammonia, sulfates.

Source:

Uranium and vanadium recovery piant; milling
operations; little activity at present; owned and
operated by Union Carbide Corporation.

Approximate Area and Volume:

900 acres; 2,000,000 tons removed/10,000,000
tons stabilized.

Environmental Impact:

Town In remote area. 125 residents within 3-mi
radius. All residents moved December 1386; no
permanent residents. Ground water and air
contaminated with process waste, including
uranium. Discharge and disposal of large volume
of process wastes releasing radiation.

Source of Information:

4/87 Fact Sheet

Department of Energy Remediation
Programs

The DOE has four major site remediation projects
involving radioactive materals. They are the Uranium
Mill Talings Remedial Action Project (UMTRAP), the
Formerly Utilized Sites Remedial Action Project

(FUSRAP), the Grand Junction Remedial Action
Project (GJRAP), and the Surplus Facilities
Management Program (SFMP).

Formerly Utilized Sites Remedial Action Project
(FUSRAP)

The U.S. Army Corps of Engineers, Manhattan
Engineer District (MED) and its successor, the U.S.
Atomic Energy Commission (AEC) conducted
programs during the 1940s and 1950s nvolving
research, development, processing, and storage of
radioactive ores and their processing restdues.
Virtually all of this work was performed for the Federal
government by private contractors at sites that were
either federally, privately, or institutionally owned.
Many of these sites and nearby properties were
contaminated with radionuclides at low concentrations
and mostly of natural ongin.

When the contracts for MED/AEC activities were
terminated, the sites were decontaminated according
to then-current heaith and safety criteria and
released for unrestricted use. However, as research
on the effects of low-level radiation progressed,
radiological criteria and guidelines for returning sites
to unrestricted use became more stringent. In 1974,
the AEC initiated a program to identify former
MED/AEC sites and to determune their radiological
status based on a review of historical records. In
1977 the AEC changed to the US DOE which
subsequently mitiated FUSRAP [1,3]. Figure B1
shows the locations of the FUSRAP sites [2].

The most senously contaminated sites, located n
New Jersey and New York, were involved in storing,
sampling, and processing very rich pitchblende ores.
As of June 1987, a total of 29 sites in 12 states were
designated for remedial action [J. Wagnor, DOE,
Personal Communication, July 2, 1987]. Preliminary
estimates are that 29 authorized sites may contain a
total volume of 1.1 million cu yd of low-level
contaminated dirt, sediment, and rubble. Of these,
remediation has been completed to the satisfaction of
the DOE at seven sites {A. Wallo, DOE, Personal
Communication, July 2, 1987]. The disposition of
these seven sites as per DOE is as follows:

- Radiologically contaminated matenals from
Kellex Research (Jersey City, NJ), Bayo
Canyon, and Acid Pueblo Canyon (Los
Alamos, N.M.) were excavated and removed
to an authorized disposal facility.

- Radologically contaminated material from
Middlesex Landfill (Middlesex, NJ) was
excavated and stored at an interim storage
site (above grade with a leachate collection
system).



Figure B1. FUSRAP sites as of 1982. (Reprinted from [2].})

1 Aibany Metallurgical Research
Center, Albany, OR
2 University of California, Berkeley, CA

{Completed) 7 University of Chicago, Chicago, IL 13 W R Grace & Company, Curtis Bay,
3 Acid/Pueblo Canyon, Los Alamos, (Completed) MD
NM (Completed) 8 National Guard Armory, Chicago, IL 14 Middlesex Landfill, Middlesex, NJ
4 Chupadera Mesa, White Sands 9 General Motors, Adnan, Ml Middlesex Sampling Plant,
Missile 10 Niagara Falls Storage Stte, (Vicinity Middiesex, NJ
Range, NM (Completed) Prop ), Lewiston, NY 15 Du Pont & Company, Deepwater, NJ
5 Hazelwood (Latty Avenue), MO 11 Ashland Oil Co #1, Tonawanda, NY 16 Maywood, NJ
St Louis Airport Storage Site, Seaway Industrial Park, Tonawanda, 18 Wayne/Pequannock, NJ
(Vicinity Prop ), St Louts, MO NY 19 Colonie, NY
St Louis Airport Storage Srte, Linde Air Products, Tonawanda, NY 20 Seymour Speciality Wire, Seymour,
St. Louts, MO Ashland O1l Co #2, Tonawanda, NY CT
6 Mallinckrodt, Inc, St. Louis, MO 12 Universal Cyclops, Allquippa, PA 21 Shpack Landfill, Norton, MA
22 Ventron, Beverly, MA
- Radiologically contaminated laboratory Removal and containment of contaminated materials

buildings at the University of California
(Berkeley, CA) and the University of Chicago
(Chicago, IL) were surface cleaned (washed,
scraped, chipped).

- Investigation showed that the seventh site,
Chupadera Mesa (White Sands, NM),
required no cleanup.

The remaining twenty-two sites are undergoing
remediation or are awaiting remediation. Three of the
twenty-two are also Superfund sites:

1. Shpack Landfill, Norton/Attieboro, MA.
2. Maywood Chemical Company, Maywood, NJ.
3. W.R. Grace & Company, Wayne, NJ.

Remediatton at vicinity properties consisted of land
disposal or burial in a land encapsulation approved for
radioactive waste. In some cases site buildings were
decontaminated and returned to use, and in other
cases they were demolished and the rubble stored or
buried.

has been the strategy used thus far at FUSRAP sites.
None of the other techniques described in this report
has been attempted in full-scale remediation.

Uranium Mill Tailings Remedial Action Project
(UMTRAP)

The use of uranium for weapons research and
production resulted in the generation of huge
quantities of uranium milt tailings, the waste material
remaining after uranium is extracted from the uranium
ore. The Atomic Energy Act of 1954 authorized the
AEC to license the receipt or transfer of ores that
contained 0.05% or more of uranium and/or thorium.
However, the AEC exempted any unrefined and
unprocessed ore and processed uranium mill tailings,
which were assumed to contain less than the required
percentage of uranium and thorium. Due to this
exemption, the uranium industry was not required to
isolate or even to retain control of uranium tailings.

Although most of the uranium has been removed
from the tailings, the radium remains and is a source,
through radioactive decay, of radon gas. Also,



radionuclides and other trace elements present in the
tailings can be leached from the pile and contaminate
the ground water [2].

in 1978, Congress passed Public Law 95-604, the
Uranum Mill Tallings Radiation Control Act of 1978,
based on the finding that uranium mill tailings located
at mill sites posed a potential health hazard to the
public. Title | of the Act instructed the DOE to
perform remedial actions at the designated sites,
which contained a total of approximately 25 million cu
yd of tailings. The program to carry out these actions
1s the Uramum Mill Tailings Remedial Action Project
(UMTRAP).

The remediation aiso includes cleanup of those
contaminated properties outside the designated
boundaries of the processing sites that became
contaminated through the use of tallings for fill and/or
construction. Approximately 8000 of these "vicinity"
properties have been identified for surveying to
confirm the presence of tailings and contamination
leveis requinng remedial action [2,4].

Of the 24 UMTRAP sites, one is in Pennsylvania
(Canonsburg) and 23 in the western United States
(Figure B2). The sites range in size from 10 acres to
over 500 acres and include tailings piles, evaporation
ponds, windblown contaminated areas, and former
mill bulldings and associated structures. Depths of
tailings piles range from a few feet to over 275 feet in
Durango, Colorado. Many of the sites have exposed
tailings. Some sites are covered with a foot or so of
soil or sparse vegetation.

Some of the UMTRAP sites, such as Grand Junction
and Rifle, Colorado, are adjacent to river systems.
Many, such as Canonsburg, PA; Gunnison, CO; and
Shiprock, NM, are near small rivers or creeks, and
many sites have shallow water tables [5].

Remedial action began at the first site in 1983, and
cleanup of all sites is scheduled for completion in
1993 [6]. For tailings piles, remediation consists
principally of stabilization through the use of liners
and covers to prevent migration and limit radon
emanation. This approach is consistent with EPA
regulation 40 CFR 192. For vicinity properties,
remediation consists principally of excavation and
disposal of contaminated material to tailings piles,
cleaning of buildings, and, where necessary,
destruction of buildings and remaoval of the rubble.

Grand Junction Remedial Action Project

Between the years 1952 and 1966, several hundred
thousand tons of tailings were removed from the
Climax Uranium Company’s mill tailings pile in Grand
Junction, Colorado and used locally as fill and
construction material. In 1966, when the Colorado
Department of Health and the U.S. Public Health
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Service discovered this fact, the practice was
stopped, and investigations were begun to determine
the potential radiological health effects of tailings use
in residential and commercial or civic construction. In
1972, the U.S. Surgeon General issued guidelines for
determining the need for corrective action at those
locations where increased levels of radiation were
measured as a result of the presence of tailings. The
U.S. Congress passed PL 92-314 in 1972,
authonzing Federal appropriations to assist the State
of Colorado in conducting a remedial action project at
Grand Junction. The objective was to perform
corrective action at sites where radiation exposures
exceeded the Surgeon General’s guidelines. The
project i1s a State-operated activity, with DOE
providing 75 percent of the funding and the State, 25
percent [7].

In order to obtain the benefits of the project, a
property owner had first to apply to the Colorado
Department of Health for a determination of eligibility.
The criteria for eligibiiity (the Surgeon General’'s
guidelines) were based on annual average exposures
to external gamma radiation, or inhalation of airborne
radon daughter products resulting directly from
uranium mill tailings used in the construction of a
bullding. Of these two modes of exposure, the
mnhalation of arborne radon daughters 1s by far the
more important in terms of numbers of locations
exceeding the cniteria and in terms of potential
population exposure [8].

The cleanup project began in 1973. The assessment
project had identified 740 structures that would
require some form of remedial action to meet the
Surgeon General’s guidelines. Schools and the more
highly contaminated dwellings were given first priority.
The project was to have been completed by the end
of fiscal year 1987.

Whenever possible, the contaminated sites have been
cleaned up by excavation and removal of tailings.
Remediation has been confined to the area of the
structure and out to a distance of ten feet surrounding
it. In many cases, the structure has been shored up
and material actually excavated from beneath it. The
origmal tailings site was used to store the tailings
from the cieanups. That site, in turn, will be cleaned
up under UMTRAP [T. Brazley, DOE, Personal
Communication, July 23, 1987].

Where removal of the tailings is not possible, the
structures have been remediated by applying sealants
or increasing ventilation and filtration to reduce radon
gas in the structures to acceptable levels [7].

Starting in about 1975, the Colorado Department of
Health, DOE, and the USEPA conducted a survey of
approximately 40,000 properties. The survey identified
about 6,000 vicinity properties as "core sites," which
were contaminated to some degree. Some of the



Figure B2.

Locations of UMTRAP sites. {(Reprinted from [2].)
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1 Lakeview, OR (Medium Priority)

2 Lowman, ID (Low Prionty)

3 Salt Lake City, UT (High Prionity) 11 Ambrosia Lake, NM (Medium

4 Grand River, UT (Low Priority) Priority) 18 Spook, WY (Low Priority)

5 Grand Junction, CO (High Prionty) 12  Shiprock, NM {High Priority) 19 Bowman, ND (Low Prionty)

6 Natunta, CO (Medium Priority) 13 Durango, CO (High Priority) 20 Belfield, ND (Low Priority)

7 Shickrock, CO (Low Priority) (2 sites) 14 Gunnison, CO (High Priority) 21 Edgemont, SD (High Priority)

8 Mexican Hat, UT (Medium Priority) 15 Rifle, CO (High Priority) (2 sites) (Vicinity Properties Only)

9 Monument, AZ (Low Priority) 16 Maybell, CO (Low Prionty) 22 Falls City, TX (Medium Priority)
10 Tuba City, AZ (Medium Priority) 17 Riverton, WY (High Priority) 23 Canonsburg, PA (High Priority)

properties remediated under the Grand Junction
Remedial Action project are included in UMTRAP,
e.g., where remediation s necessary beyond ten feet
from the structure. The list has been narrowed to
about 3,800 properties requiring remediation. About
2,000 have been recommended by ORNL for
inclusion in the UMTRAP cleanup. This remedial
project has been inthiated.

A second part of the UMTRAP effort is remediation
(which may inciude relocation) of the original tailings
pile from which all of the problem tailings onginated.
The actual fate of the tailings pile has not yet been
decided.

Surplus Facilities Management Program (SFMP)

The overall objective of the SFMP is to provide the
program direction, planning, and resources for the
DOE surplus facilittes to (1) maintain surplus facilities
in a safe condition pending decommssioning, (2)
maximize the options for future use of real property,
and (3) dispose of all radioactive facilities and waste
in accordance with accepted practices. Other
objectives include (1) providing research and
development funding for property and equipment
decommissioning techniques and technology transfer,
and (2) conducting cooperative information

100

exchanges on decommissioning activities with other
countries and international organizations.

The current inventory of surplus facilities in the
program was established by review of facilities in
1977 and by subsequent addition of some facilities
from defunct programs. Thirty-five projects at 17
sites are included in the civilian portion of the SFMP.
The sites were priorttized based on (1) the
assessment of potential for exposure to the public
and workers at the site, (2) contractual commitments,
(3) reducing the cost of continuing surveillance and
maintenance, and (4) making the property available
for alternative or unrestricted use.

Decommissioning has been conducted at the Special
Power Excursion Reactor Test Area in Idaho, at
Argonne National Laboratory-East in llinois, wicinity
properties at Monticello, Utah, and buildings at the
Santa Susana Field Laboratory, in California.
Entombment projects have been completed at the
Bonus Facility in Puerto Rico, the Hallam Facility in
Nebraska, and the Pigqua Facility in Ohio. Major
activites continue at the Idaho National Engineering
Laboratory in Idaho, the Mound Laboratory in Ohio,
Santa Susana in California, Monticello in Utah, and
ANL-East in lilinois [9]. The Shippingport Station
Decommissioning Project will place the station in a



long-term radiologically safe condition by dismantiing
and removing the radioactive portions of the plant.
One of the purposes of the Project is to demonstrate
to the nuclear industry the practical and affordable
dismantlement of a large nuclear power plant. Actual
physical decommissioning activities were initiated n
September 1985.

Other near term activities include initiating work at the
Weldon Spring Site. This site was first used by the
Department of the Army as an ordnance works and,
later, by a DOE predecessor agency as a uranium
feed materals plant. The site is contaminated with
thorium, uranium, and decay products. Near-term
activities include further characterizing the
contammnation on the site, initiating conceptual
engineering studies, establishing a project office at
the Weldon Spring site, and completing the NEPA
documentation.

Both the Weldon Spring and Monticello sites are also
Superfund sites. The Surplus Facilities Management
Program is scheduled for completion in the early
2000’s.

Summary of Remediation Methods Used
to Date

Most of the remedial technologies to date have
consisted of excavation and/or removal of
contaminated materials from plant sites and from
property owned by others in the wvicinity of those
properties. In some cases, the contaminated material
has been temporarily stored in above-ground,
covered piles. In others, the material has been
permanently placed in secure land encapsulations.

No extraction or salidificaton technology has been
apphied to any of these sites. Some laboratory
experimentation on radionuchde extraction from
tailings and soils have been conducted, as described
in Chapters 5, 6, and 7.
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Abbreviations and Symbols

AEC U. S. Atomic Energy Commission

ATSDR Agency for Toxic Substances and Disease Registry

CDC Centers for Disease Control

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(Superfund)

Ci Curie

cm Centimeter (10-3 meter)

cu ft Cubic foot

cum Cubic meter

cu yd Cubic yard

DOE Department of Energy

EPA/USEPA U. S. Environmental Protection Agency

FS Feasibility Study

ft Foot or feet

FUSRAP Formerly Utilized Sites Remedial Action Program (Department of Energy)

g Gram

hr Hour

kg Kilogram (1000 grams)

kg/hr Kilograms per hour

kW Kilowatt (1000 watts)

MED U. S. Army Corps of Engineers, Manhattan Engineering District

pum Micron (micrometer, 10-6 meter)

mm Milimeter (10-3 meter)

NJDEP New Jersey Department of Environmental Protection

NRC Nuclear Regulatory Commussion

NPL National Priorities List

ORNL Oak Ridge National Laboratory

pCi Picocurie (10-12 Curie)

pCi/g Picocuries per gram

pCi/l Picocurnies per liter

RI Remedial Investigation

RI/FS Remedial Investigation/Feasibility Study

SARA Superfund Amendments and Reauthorization Act of 1986

sq ft Square foot

sq m Square meter

sq yd Square yard

UMTRAP Uranium Mill Talings Remed:al Action Project (Department of Energy)

uR Microroentgen (10-6 roentgen)

USGS U. S. Geological Survey

WL Working level
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To Convert From{A)

acre
cu ft
cu yd
°F

ft

kW
mile
sq ft
tons
°C
Curies
meter
kg
mg/!

atmosphere (atm)

Conversions

To(B)

hectare

cum

cum

°C

m
kg-calories/min
meters

sqm

kg

°F
disintegrations per minute
yd

ib

parts per million

kilo Pascal (kPa)
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Multiply (A) By
0.4047

0.02832
0.7646
(°F-32) x 5/9
0.3048

1.434

1609

0.0929

1016
(°CX9/5) + 32
2.2 x 1012
1.094

2.2046

1.0
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Key Chemical Elements

Name

Actinium
Aluminum
Arsenic

Barium
Beryllium
Bismuth
Boron
Bromine

Cadmium
Calcium
Carbon
Chlorine
Chromium
Cobalt
Copper

Fluorine

Helium
Hydrogen

lodine
Iron

lLead
Lithium

Magnesium
Manganese
Mercury
Molybdenum

Nickel
Niobium
Nitrogen

Oxygen

Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium

Radium
Radon

Selenium
Silicon
Sodium
Strontium
Sulfur
Thorium
Tin
Titanium
Tungsten
Uramum
Vanadium

Zinc
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Abbreviation

Ac
Al
As

Ba
Be
Bi
B
Br

Cd
Ca
C

Cl

Cr
Co
Cu

F

He
H

i
Fe

Pb
Li
Mg
Mn
Hg
Mo
Ni
Nb
N

0]

Pd
P
Pt
Pe
Po
K

Ra
Rn

Se
Si
Na
Sr
S

Th
Sn
T

w

U
\Yj
Zn



Air Avid

Alpha particle

Alpha radiation

Background
radiation

Ball decks

Beneficiation

Beta particle

Beta radiation

Blinding

Detection level

Dose Equwvalent

Entry routes

Exfiltration

External
radiation

Gamma
radiation
Grizzly screen
ground water

Haif-life

Indoor air

Glossary

To increase by addition of chemicals the affinity of fine particles for air bubbles.

A positively-charged subatomic particle emitted during decay of certain radicactive
elements. For example, an alpha particle 1s released when radon-222 decays to
polonium-218. An alpha particle is indistinguishable from a helium atom nucleus and
consists of two protons and two neutrons.

The least penetrating type of radiation. Alpha radiation can be stopped by a sheet of paper
or outer dead layer of skin.

The radioactivity In the environment, including cosmic rays from space and radiation
that exists elsewhere - in the ar, in the earth, and in man-made matenals. In the U.S,,
most people receive 100 to 250 millirems of background radiation per year.

A tray of rubber balls that bounce against the bottom surface of a screen, thus eliminating
blinding.

Preparation of ore for smelting

A negatively-charged subatomic particle emitted during decay of certain radioactive
elements. A beta particle is identical to an electron.

Emitted from a nucleus during fission. Beta radiation can be stopped by an inch of wood or
a thin sheet of aluminum.

Plugging of the screen apertures with shghtly oversized particles.

The minimum concentration of a substance that can be measured with a 99% confidence
that the analytical concentration 1s greater than zero.

The product of the absorbed dose, the quality factor, and any other modifying factors. The
dose equivalent is a quantity for comparing the biological effectiveness of different kinds of
radiation on a common scale. The unit of dose equivalent is the rem. A millirem (mrem) is
one one-thousandth of a rem.

Pathways by which soil gas can flow into a house. Openings through the flooring and walis
where the house contacts the soil.

The movement of indoor air out of the house.

Radiation onginating from a source outside the body, such as cosmic radiation. The source
of external radiation can be either natural or man-made.

A form of electromagnetic, high-energy radiation emitted from a nucleus. Gamma rays are
essentially the same as x-rays and require heavy shieldings, such as concrete or steel, to
be stopped.

Screen made of heavy fixed bars, used to remove oversized stones, tree stumps, etc.

Subsurface water that is in the pore spaces of soil and geologic units.

The length of time in which any radioactive substance will lose one-half its radioactivity.
The half-life may vary in length from a fraction of a second to thousands of years.

That air that occupies the space within the interior of a house or other building.
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lon exchange

Internal
radiation

Isotopes

Mesh
Microrem(uR)

Microrem per
hour (uR/hr)

Millirem (mrem)

NARM

ORNL

Picocurie (pCi)

Picocurie per

liter (pCift)

Plutonium

Radiation

Radioactivity

Radionuclide

Radon

Radon progeny,
Radon daughter

REM

Revolving Screen

The reversible exchange of ions contained in a crystal for different ions in solution, without
destroying the crystal structure or disturbing the electrical neutrality.

Radiation originating from a source within the body as a result of the inhalation, ingestion, or
implantation of natural or man-made radionuclides in body tissues.

Different forms of the same chemical element that are distinguished by having different
numbers of neutrons in the nucleus. A single element may have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium.

Number of wires per inch in a screen.
A unit of radiation "dose equivalent” that is equal to one one-millionth of a rem.

A unit of measure of the rate at which "dose equivalent” is being incurred as a result of
exposure to radiation.

A unit of radiation "dose equivalent" that is equal to one one-thousandth of a rem.

Naturally-occurring or accelerator-produced radioactive materials mean any radioactive
material except for material classified as source, by-products, or special nuclear material
under the Atomic Energy Act of 1954, as amended.

Oak Ridge National Laboratory

A unit of measurement of radioactivity. A curie is the amount of any radionuclide that
undergoes exactly 3.7 x 1010 radioactive disintegrations per second. A picocurie is one
trillionth (1012) of a curie, or 0.037 disintegrations per second.

A common unit of measurement of the concentration of radioactivity in a gas or liquid. A
picocurie per liter corresponds to 0.037 radioactive disintegrations per second in every liter.

A heavy, radioactive, man-made metallic element. Its most important isotope is fissionable
238py, which is produced by the irradiation of 238U. Routine analysis cannot distinguish
between the 239Pu and 240Pu isotopes, hence, the term 239.240py,

Refers to the process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

A property possessed by some elements, such as uranium, whereby alpha, beta, or gamma
rays are spontaneously emitted.

Any naturally occurring or artificially produced radioactive element or isotope.

A colorless, odorless, naturally occurring, radioactive gaseous element formed by
radioactive decay of radium atoms. Chemical symbol is Rn, atomic weight 222, half-life
3.82 days.

A term used to refer collectively to the intermediate products in the radon decay chain.
Each "daughter” is an ultrafine radioactive particle that decays into another radioactive
“daughter” until finally a stable nonradioactive molecule of lead is formed and no further
radioactivity is produced.

An acronym for Roentgen Equivalent Man; a unit of radiation exposure that indicates the
potential impact on human cells.

A screen with a surface that revolves around an axis; the screen surface may be inclined or
vertical.
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Rotary sifter
Scalping

Shaking screens

Sieve bends

Soil gas

Talings

Uranium

Vibrating screen

Working level
(WL)

Circular motion applied to a rectangular or circular screen surface.
Removal of small amounts of oversized material from feed.

Several screen surfaces in a series, usually slightly inclined, with different apertures and a
slow linear motion essentially in place of the screen.

Screens with stationary parallel bars at a right angle to the feed flow; the surface may be
straight, with a steep incline, or curved to 300°.

Those gaseous elements and compounds that occur in the small spaces between particles
of the earth or soil. Rock can contain gas also. Such gases can move through or leave the
soil or rock depending on changes in pressure. Radon 1s a gas that forms in the soil
wherever radioactive decay of radium occurs.

Sand-like waste resulting from uranium production, represents about 98% of the ore that
enters the mill.

A naturally radioactive element with the atomic number of 92 (number of protons in nucleus)
and an atomic weight of approximately 238. The two principal naturally occurring isotopes
are the fissionable U-235 (0.7% of natural uranium) and the fertile U-238 (99.3% of
natural uranium).

An inclined or horizontal rectangular screening surface with a high-speed vibrating motion
that lifts particles off the surface.

A unit of measure of the exposure rate to radon and radon progeny defined as the quantity
of short-lived progeny that will result in 1.3 x 105 MeV of potential alpha energy per liter of
arr. Exposures are measured in working level months (WLM); e.g., an exposure to 1 WL for
1 working month (173 hours) is 1 WLM. These units were developed originally to measure
cumulative work place exposure of underground uranium miners to radon and continue to
be used today as a measurement of human exposure to radon and radon progeny.
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