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Abstract

Numerous sites in the United States and around the world are contaminated with depleted
uranium (DU) in various forms. A prevalent form is fragmented DU originating from various

scientific tests involving high explosives and DU during weapon-development programs, at firing

practice ranges, or in war theaters where DU was used in armor-piercing projectiles. The
contamination at these sites is typically very heterogeneous, with discrete, visually identifiable

DU fragments mixed with native soil. The bulk-averaged DU activity is quite low, whereas DU

fragments, which are distinct from the soil matrix, have much higher specific activity. DU is best

known as a dark metal that is nearly twice as dense as lead, but DU in the environment readily
weathers (oxidizes) to a distinctive bright yellow color that is quite visible. While the specific

activity (amount of radioactivity per mass of soil) of DU is relatively low and presents only a

minor radiological hazard, the fact that DU is radioactive and visually identifiable makes it

desirable to remove the DU “contamination” from the environment.

The typical approach to conducting this DU remediation is to use radiation-detection instruments
to identifi the contaminant and then to separate it from the adjacent soil, packaging it for disposal

as radioactive waste. This process can be performed manually or by specialized, automated

equipment. Alternatively, a more cost-effective approach might be simple mechanical or
gravimetric separation of the DU fragments from the host soil matrix. At SNL/NM, both the
automated and simple mechanical approaches have recently been employed. This paper
discusses the pros/cons of the two approaches.

Methods

At Sandia National Laboratories in Albuquerque, NM, the Environmental Restoration (ER)
Project is currently remediating research and disposal sites in order to return them to unrestricted

use. During the summer of 1998, two contiguous ER sites were undergoing remediation. At one

site (ER Site 228A), soil contaminated with DU was being remediated by processing it through a
specialized soil-screening device called the Segmented Gate System (SGS), which is designed
and operated by Thermo RETEC. At the second site (ER Site 2), remediation included use of a

screen plant which is designed to separate materials based only on particle size.
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Segmented Gate System
The SGS is a combination of sophisticated conveyor systems, radiation detectors and computer

controls that remove contaminated soil from a moving feed supply on a conveyor belt.

Contaminated soil is diverted by segmented gates to a separate conveyor belt, which deposits the

soil on an appropriate ground cloth or other container system for stockpiling and subsequent

disposal. Since the diverted soil primarily contained discrete DU particles, there was some

uncontaminated soil necessarily included in the designated contaminated waste stream.

Contamination of soils by radionuclides is often heterogeneous. Excavation typically results in

significant volumes of clean soil mixed with the contaminated soil. The SGS provides a method
of separating clean soil from contaminated soil based on a pre-determined criterion. The SGS
removes a finite amount of “below-criterion” soil with the “above-criterion” soil, but

significantly reduces the overall amount of material that requires disposal as radioactive waste.

The system works by conveying radionuclide-contaminated soil on conveyor belts under an array

of sensitive radiation detectors. Over-sized rocks (>6-inch) are removed first by a “grizzly”

screen and then by a 1.5-inch screen before being fed onto the SGS conveyor belt. A

mechanical screed controls soil flowing onto the conveyor belt to a uniform thickness appropriate
for the radioisotope(s) of interest. The processed material is conveyed at pre-selected speeds

beneath the detector arrays. The moving material is assayed and a computer logs the
radioactivity content. The computer then calculates when the elevated activities will reach the

end of the conveyor belt and activates the pneumatic segmented gates to divert the “above-
criterion” (27 pCi/g for U-238, in this case) soil to a separate conveyor. This conveyor deposits
the soil on the ground or in a container, where it is segregated and readied for disposal.

This system has been demonstrated to be effective in significantly reducing the volume of

radioactively contaminated soil by partitioning the “above-criterion” soil from the clean “below-
criterion” soil. At ER Site 228A, a total of 1,350 yd3 (6750 tons) was processed through the
SGS, with about 5 yd3 (7.5 tons) of “above-criterion” being separated for disposal as radioactive
waste. This represents a 99.6°/0 volume reduction. The total cost for SGS operation was about

$220,000, which included excavation and pre-screening, mobilization, operations and
demobilization. This equated to an average cost of $ 163/yd3 of soil processed ($84/yd3,
neglecting mobilization, pre-screening and demobilization).
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Screen Plant
At the Classified Waste Landfill (ER Site 2) which is adjacent to ER Site 228A, a standard gravel

screening plant was being used to separate rocks and small artifacts from the host soil matrix as
excavation was being conducted. The screen plant was set up to segregate the rocks and artifacts
into various size fractions for subsequent manual sorting and further segregation. The plant,
manufactured by Production Engineered Products, Inc. (PEP) of Walnut, IL, is a PEP Model
5030 DEHX screening plant equipped with a Duo-Vibe screen. In addition, there are three
custom-manufactured electrically powered conveyors; two conveyors are thirty-foot long units
with the other one being sixty feet long. The entire plant is self-contained with a built-in diesel
engine powering a hydraulic pump and electric generator. The system consists of a 12 cubic-

yard main-feed hopper with a 6-inch stationary screen deck. The main hopper is equipped with a
hydraulically driven conveyor that feeds soil to a second electrically powered 36-inch-wide by

50-foot-long conveyor. This second conveyor discharges soil to the Duo-Vibe screen. The Duo-
Vibe screen consists of two decks. The first deck has a two-inch square screen with one
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electrically driven vibrator and the second deck (for the ER Site 228A study) had a 0.5-inch

square screen with three hydraulically driven vibrators.

The unit operates by feeding soil into the main hopper with a bucket loader; the soil then passes
through the six-inch wide grate into the hopper. Material with a diameter greater than six inches

(rocks/cobble) remains on the screen, until cleared by hydraulically tilting the deck and dumping

the debris, while material less than six inches passes through the deck into the main hopper.

This material is then moved via conveyor to the Duo-Vibe screen. Material less than 6-inch but

greater than 2-inch is discharged to one of the thirty-foot-long conveyors. Material less than 2-

inch but greater than 0.5-inch is discharged to the other thirty-foot conveyor. Finally, material

(primarily soil) that is less than 0.5-inch is discharged to the sixty-foot conveyor.

Upon observing the size and appearance of the DU fragments that were being separated from the
SGS-processed soil at ER Site 228A, it became apparent that the segregated DU fragments were
typically l/2-inch in size or greater. Considering this, it was thought that it might be more

practical and cost-effective to simply screen the contaminated soil to remove the DU with the
cobble. Any DU fragments smaller than that would be of little or no consequence, since they

would not materially raise the bulk-averaged specific activity of the remaining soil above risk-

based derived concentration guideline levels (DCGLS) described in the Multi-Agency
Radioactive Site Survey Implementation Manual (MARSSIM) (EPA 1997). In addition, the DU
fragments would not present a visually “offensive” presence to casual passers-by who might be

alarmed at the continued appearance of radioactive “contamination” at a site that was supposed to
have been remediated.

To further explore this hypothesis, an ad-hoc experiment was designed to determine if
approximately the same end point of DU separation from soil achieved by SGS processing at ER
Site 228A could be achieved by simply screening the soil with the screen plant that was in use at

the Classified Waste Landfill site. To do this, approximately 30 cubic yards of contaminated soil

from ER Site 228A was transported to the adjacent Classified Waste Landfill site and processed
through the screen plant. The screen plant fractionated the cobble into two sizes: a) >0.5 to 2.0

inches, and b) >2.0 to 4.0 inches. After the screen plant deposited each cobble fraction on the
ground, it was spread to the approximate thickness of the cobble using a loader. Visual

inspection of the soil fraction showed that particles greater than about 0.25 inches did not pass
through the 0.5-inch mesh screen. No visible fragments of DU were noted in the fine-soil
fraction after the screening process (nor was any radioactivity detected with hand-held

instruments).

A radiation monitoring technician then surveyed the deposited material with a Ludlum Model 44-
10 2“ X 2“ sodium iodide scintillator coupled to a Ludlum Model 2220 single channel analyzer

ratemeter/scaler. The Model 44-10 was attached to the bottom end of a 3.5-foot crutch that
allowed the technician to conveniently survey the cobble material as it was being deposited on
the ground. The Model 2220 was set in the ratemeter mode with SCA window “out” to achieve
wide energy band gamma count rates. This setting allowed detection of virtually all gamma-ray

energies emanating from DU and its progeny radionuclides.

The DU fragments in the ER Site 228A soils existed as a bright yellow oxide form that is typical
of many of the DU-contaminated ER sites at Sandia. Experienced in performing surficial DU
surveys, the technician used a combination of visual identification and the gamma radiation

survey method described above to scan the cobble and retrieve DU fragments.
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The ratio of the mass of the DU isolated to the mass of the soil originally processed through the

screen plant from this activity was calculated. Likewise, the ratio of the mass of the DU that was

isolated by the SGS separation process to the mass of the contaminated soil that was processed
there was calculated. A comparison of the DU-to-soil mass ratio from each processing method

was then made.

Results and Discussion

From the 30 cubic yards (about 45 tons) of soi processed through the screen plant, a bag of DU

fragments representing less than a quart in volume (about one pound) was retrieved from the

cobble. The fragments ranged from approximately a quarter-inch up to one inch in diameter.

The cobble and gravel piles, representing approximately IO% of the total volume of soil, also

were deemed suitable for returning to the site, after the DU fragments were removed. Thus,

greater than a 99% volume reduction in contaminated soil was achieved using the mechanical

screening approach.

Processing the 30 yards of soil through the screen plant required approximately one hour and
involved two operators and their front-end loaders. Screening the cobbles and gravel and

gathering the DU fragments required approximately two hours and was performed by one

technician. Thus, the cost of processing the soil through the screen plant was approximately $14

per cubic yard of soil. This cost is significantly less than that for the SGS processing at ER Site
228A, which was about $84 per cubic yard. (Mobilization, pre-screening and demobilization
costs were omitted from the comparison for simplicity.) For a small site, these costs contribute

significantly to the unit processing expense, but would be less significant when averaged over the
volume of material handled at a larger site. Overall, the cost to set up and operate a conventional
screen plant to achieve volume reductions comparable to the SGS can be achieved at a fraction of
the cost of setting up and operating the SGS. In addition, considerably lower unit production

costs are likely to be achievable for large-scale mechanical screening operations. Estimates on

the order of $10 per cubic yard have been made for another prospective SNL/NM ER site that is
more than 10 acres in size.

Waste disposal costs were not included in the preceding comparison. These costs could be
another significant factor in evaluating each approach, because the SGS diverts some
uncontaminated soil along with the DU.

The volume fraction of DU fragments in the soil used in this study clearly was relatively small,
allowing the screened soil lot to be surveyed and the DU to be retrieved relatively quickly. If the
DU fragment concentration was very high or the DU was concentrated in the smaller size

fractions, the SGS could become the most cost-effective option, since the labor required to
retrieve the DU manually would become considerable. However, if a large area is covered by

scattered DU fragments to more than several inches below grade, it is probably more cost
effective to use the screen plant approach. The cost effectiveness of operating the SGS might be
enhanced by pre-screening the materials as described above so that only the most likely size
fraction of materials containing contaminants is processed by the SGS. In this manner, more
cost-effective volume reduction could be achieved at relatively high production rates.

DU-contaminated sites do not necessarily need to be remediated to background levels. Instead, a
rational approach to performing a risk assessment for potentially exposed future residents of the
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sites can be followed. In order to do this, a reasonable iiture-use scenario for the site must be

deterinined. This scenario provides the basis for identi~ing the potential exposure pathways by

which the future resident can be exposed to the residual radioactivity. This exposure scenario,

combined with the radionuclides present, and the allowable exposure limit such as the EPA
guidance of 15 mrem/year (OSWER 9200.4- 18) can be evaluated to determine the allowable

residual soil concentration of the radionuclide(s) in question. These concentrations are defined as

DCGLS in MARSSIM (EPA 1997). Typically, computer codes such as RESRAD are used to

calculate these DCGLS (Yu 1993). For future-use scenarios typically evaluated at SNL/NM ER

sites (SNL/NM 1998), the RESRAD-calculated single radionuclide guideline for U-238
(analogous to a DCGL) is about 500 pCi/g for the industrial-use scenario and 300 pCi/g for the

residential-use scenario. Remediating the DU-contaminated soils encountered at SNL/NM to this

level is easily achievable by both methods described above.

Conclusions and Recommendations

The results of this experiment suggest that adequate remediation of DU-contaminated soils can be

achieved by using mechanical methods to separate DU fragments from the host soil matrix.
While the effectiveness of radiometric means to identify and separate DU from the host soil
matrix has been successfully demonstrated, it appears that a satisfactory and more cost-effective
result can be achieved by employing simple mechanical screens to remove the DU fragments
which are sufficiently large to be visually identifiable. In the case of DU contamination, this is

likely to be sufficient to reduce the level of radioactivity in the soil matrix so that is poses
acceptably low risk to future inhabitants of the site, allowing for its unrestricted future use.
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