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ABSTRACT
A soil sorter is a system with conveyor, radiation detectors, and a gate. The system activates the gate

bascd on radiation measurements 1o sort soil to either clean or contaminated paths. Automatic soil sorters
have been perfected for use it “be cleanup of plutonium contaminated soil at Johnston Atoll. The cleanup

rrnccsscs soil through a plant

hich mines plutonium to make soil clean. Sorters at various locations in the

piant effectively reduce the volume of soil for mining, and they aid in assuring clean soil meets guidelines.

INTRODUCTION

Environmental remediation can mean cleanup of radio-
actively contaminated soil. The Defense Nuclear Agency
(DNA) is cleaning plutonium contaminated soil from a 24-
acre site at Johnston Atoll (JA). Potentially contaminated soil
is excavated and processed through a soil cleanup plant. The
plant uses various mining and milling methods to concentrate
the plutonium in a small volume for waste disposal. Most of
the scal from the plant is clean, and it can be used beneficially.
The DNA soil cleanup plant is operated by TMA/Eberline
with engineering support from Morrison Knudsen.

In every soil cleanup which removes soil from the ground,
the removed soil will contain a mix of contaminated soil and
clean soil. This happens for various reasons, including spotty
site contamination, uncertain boundaries between clean soil
and contaminated soil, and use of carth-moving equipment
and methods which cannot selectively excavate contaminated
soil only.

One feature of the cleanup plant is on-line continuous
sampling of soil for plutonium content with automatic sorting
of soil to ecither clean or contaminated paths based on the
sampling.

BACKGROUND

Contamination at JA occurred in 1962 when the atoll was
used for testing the effects of high-altitude nuclear bursts.
The tests used Thor missiles (0 boost nuclear devices in
vertical trajectories. In four instances problems occurred
with the Thor, and the nuclear devices were intentionally
destructed by chemical explosives to prevent nuclear yield (1).
One destruct at 59 sec after launch deposited debris and
plutonium throughout the atoll. A second destruct while the
Thor was still on the launch pad contaminated a smaller land
ares but 1o much higher levels. The other two destructs, at
152 sec and 13.5 min after launch, did not cause significant
local contamination.

Flutonium was dispersed by the explosive high tempera-
tures and pressures. It either attached to missile fragments
and soil particles or became individual plutonium oxide
particles covering a wide spectrum of sizes. Debris and larger
particies settled on the ground to contaminate surface soil.
Initial soil cleanups removed debris that was visually spotted
and contamination sensed by alpha radiation detectors. Some
contaminated surface soil was scraped and removed, and
some was covered with clean soil,

Over the years, significant changes have taken place to
the JA contamination. One change is growth of a plutonium
daughter which emits a gamma ray. Gamma detectors now
can find plutonium where alpha detectors might noi. Gamma
surveys have found many small "hot spots” which were then
dug up and removed. A comprehensive survey in 1980 de-
fined the major boundaries of contamination (2) In 1984
about 15 acres of contaminated soil were scraped and moved
to combine most contaminated soil in a single, 24-acre radio-
logicai control area.

The weather has also changed the contamination. Al-
though plutonium oxide is insoluble in general, small oxide
particles can be removed from the ground by wind or trans-
ported below the ground surface by rain (3). Thus, much of
the surface soil is now deficient in small particles, and a hot
spot may in fact be only one or a few "hot particles.” Some
contaminated ground has been moved by erosion.

Many hot spots amount to only a few shovelfuls of soil.
Often when this soil is divided, radiation checks show only one
half is contaminated. By repeating the divide-and-monitor
routine many Limes, activity may be reduced to a single pluto-
nium oxide particle. The soil that is free of the particie is
clean. Sorting soil based on radiation measurements is a soil
cleanup. -

In 1987 DNA had TMA/Eberline study the feasibility of
automatic soil sorting for cleanup (4). TMA/Eberline built a
test rig which moved bags of soil on trolleys beneath detectors.
Radiation sources were in some bags. The system gave a
switching signal when radiation count exceeded set levels.
The study evaluated the effect of source strength, trolley
speed, count time, background radiation, and detector-soil
geometry. It concluded that automated sorting would be
beneficial for JA cleanup.

RESULTS

In 1988 DNA had AWC, Inc., design and build a soil
cleanup mining plant to include automated soil sorters, AWC
constructed the plant at JA with four sorters, each having a
conveyor with detectors toward the feed end and a gate at the
discharge end. The conveyors have flat, 3-ft wide belts which
maove soil in 0.75-inch thick layers. Each detector system has
fificen 4-inch square gamma detectors in two adjacent rows
crosswise to the belt. The detectors are about 1 inch above the
layer of soil. Gates are 3-fi wide, standard pant-leg type with
a pucumatically driven flapper for diverting soil to one of two
removal convevors.
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DNA set plant design criteria. Sorters must sample con-
tinuour'y and no increment more than 0.1 m™ may sort clean
if it contains more than 500 Becquerels transuranium element
alpha actmty per kilogram of soil (Bq/kg). To further assure
“clean soul® meets the guade, no 0.01 m” increment may have
more than 5 kBq, The 500 Bg/kg guide represents a limit for
dispersed actimty, and the 5 kBq guide a limit for particle
activity. A plutonium oxide particle at the limit has about 70
microns diameter,

The sorter detectors were connected 1o a miCTOProcessor
which compared the sum of counts over 10 sec for all 15
detectors against & count related to the 500 Bq/kg guide, and
the counts over 2 sec for individual detectors against a count
related to the 5 kBq guide. If “guideline counts” were ex-
ceeded, gates would open to the hot path. System control was
through a personal computer ass gned operating parameters
such as guideline counts, sorter conveyor speed (typically 20
fmin), and detector-gate distance. Gates would open after
a delay for travel from the detectors, and remain opea for
either the 10-sec or 2-sec count time plus an additiona! 2 sec
to be sure an entire increment sorted to the contaminated
path.

The soil cleanup plant was tested in 1989 (5). When
optimized, about 273 of the plant feed soil sorted as clean and
173 sorted as contaminated. Further analysis revealed, how-
ever, that the time gates were open was proportional (o activ-
ity. A hot particle could cause the guideline count to be
exceeded for much more than one 2-sec counting interval, It
might carry a swath of ciean soil 3-ft wide and 10 sec (3 ft) or
more long to the hot path. Other shortcomings with the sorter
had the opposite effect of sorting contaminated soil to the
clean path. For example, belt wipers wiped to the clean soil
path, and belt speeds were not constant so hot soil could arrive
at gates before or after gate openings.

DNA awarded TMA/Eberline a contract in 1990 to make
the plant more cfficient and effective, and to operate the plant
to complete the cleanup of JA soil. A kev factor in the
selection of TMA/Eberline for the work was its approach to
improving the soil sorters.

The new sorter design has an assembly of eight 4-in wide
chutes instead of a 3-ft wide gate. The chutes in this “seg-
mented gate” are extended and retracted by pneumatic cylin-
ders. Full movement in either direction is set at 0.15 sec, and
movement is repeatable within 0.02 sec. The sorter has a
control pane! which displays reaction time of each chute
individually or in combinations up to all 8 chutes acting simul-
tancously. Other system improvements include a belt waper
which guarantees no soil sticking to the belts will fall to the
wrong path, and an adjustable frequency drive which controls
belt speed at 30 fumin with less than 0.1 % variation under the
most extreme conditions.

A separate single chute gate is in tandem with the seg-
mented pates along the contaminated sotl path. It can extract
samples for quality control purposes such as verifying that a
detected hot particle sorts to the hot path, The tandem gate
may also be used to remove particles {rom further processing
by the plant if mining methods which follow would not gain
additional volume reduction.

In addition to the significant improyements made to the
gates, the new sorters have major advances ation source
detection. Each detector now has a single board counting
computer, and all detectors in an array connect to a single
controller computer which connects with a personal com-

puter,

The counting boards compute activity and differentiate
particles and dispersed activity. The exact position of
particles on the belt is determined from the rate of change of
counts. The precise positioning allows chutes to be open for
no more than 2 sec when any hot particle is detected. It aids
is reducing the volume of soil sorted to the hot path when only
a particle warranis sorting.

The controller computer is a single board microcomputer
which collects data, makes dispersed activity determinations,
signals the activation of gates, handles feedback from the gates
in the form of switch closures to confirm chutes are in the
proper position, and tests for system upsets such as a failed
detector. This computer services a local keyboard and display
for the entry and editing of counting board parameters includ-
ing high voltage and window widths, and it provides a commu-
nication link to the personal computer in the cleanup plant
control room.

The central personal computer maintains a log of data,
sends commands to the controllers, and requests and displays
data from the controliers. It also generates summary reports
of soil sorted by date, time, detector number, chute number,
and activity, and maintains a running inventory of the weight
of soil sorted to the clean and contaminated paths and the total
activity for the contaminated soil.

CONCLUSIONS

Soil sorters made with precision hardware, microproces-
sors, and adequate programming cay be very bencficial in
contaminated soil cleanup. They substantially reduce the
volume of clean soil which goes with contaminated soil for
waste disposal, and they provide proof that soil mined of its
contamination is clean. They are an environmentally good
cleanup tool, as they permit returning some sou to the ground
rather than sending it to a disposal facility.

Soil sorters can provid® more thorough sampling and
nigher quality data than is possible from the most com-
prehensive site survey. Furthe:, the cost of excavating and
processing soil through a sorter nay be less than the cost of a
site characterization. Based on the cost economy and perfor-
mance of automated soil sorting demonstrated at JA, soil
sorting should be useful for other radiological cleanups.
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Quick Reference Fact Sheet

The Superfund Amendments and Reauthorization Act of 1986 (SARA) mandates that remediation at
Superfund sites must tilize a permanent solution and alternative treatment technologies or resource recovery
options to the maximum extent practicalie. Treatment technologies that permanently and significantly reduce
the mobuity, toxiaity, or volume of hazardous substances are preferred in this requirement. However, in most
remedial actions conducted to date at radioactive sites, the radioactive soil has been excavated and stored in
temporary above-ground contamment facilities. To alleviate this storage situation the Office of Radiation Pro-
grams has developed an innovative sou characterization process applicable in the RI/FS stages of the Superfund
process to support the development of technologies for on-site volume reduction of radicactive soils by physical

separation'~ techoologies.

BACKGROUND

The volume reduction methods employed are based
on physical/mechanical technologies that are
common 10 the coal and ore processing industries.
Mhese common technologies have been adapted,
modified, and directed toward the task of sail
restoration.  This sod characterization protocol is
designed (o demonstrate the suitabilitty (or lack
thereof) of vanous radioactivity contaminated soils
for physical or chemical separation processes.
These could potentially remove the radiosctive
fraction from the soil, thus producing a smaller
volume requiring disposal. The protocol combines
radiochemical wnd petrographic analysis of soil
fracuons, focusing on the contaminant waste and its
particle size distributios i the host media. Soil
remediation by voluese reduction takes advantage of
the fact that radionuchde contaminants concentrate
geoerally in the smaller sod size fractions, and tend
10 selectively assocaate with materials that possess
umique physical and/or chemical propertiea. The
data obtsined by following this protocol are used as
the first phase of remediation assessment (o
determine f volume reduction is feasible.

CHARACTERIZATION DESCRIPTION

This soil characterization protocol examines the
various size fractions of a representative sample of
radicactive soil from a Superfund site, to provide
the following information:

Grain size distribution curve which relates
weight percent versus particle size.

Relationship of radioactivity 1o particle size.

Identification of the mineral/material

composition and physical properties of the
radioactive contaminants for the various
size frastions.

Identification of the mineral composition

and physical properties of the hst material
for the various size fractions.

Addtional information on contaminant and
properties in support of feasible volume
reduction  techmiques, ¢g. magnetic
Properties.
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These daia are used 10 conceptualize » stte-specific
volume redection process based on one or more of
the following s

screening,
classification,

grasaty separation,
magnetic separation,
flotation,

chemical extraction,
wasking,

scrubbing,

surface de-bonding, and

attrition.

The two-tiered soil characterization protocol, as
shown in Figure 1, consists of feasibility analyses
(Tier 1), and optimization anilyses (Tier II), as
necessary, (o cost-cffectively maximize the volume
reduction.

Pre~Tier 1

Prior to Tier | laboratory tests, the representative
wntmuwuunpum&mnn
with EPA and DOE directives from a are
radiologically screened to assure that the activity
levels are within laboratory license requirements
and that proper safety practices will be applied.
Additonal chemical analyses should be performed
on a portion of each soil sample for the presence of
orgamic and heavy-metal comstitoents f tha
information has not been previovsly coliected. This
nformation oot oaly identifies bazardous
constitutents (e, cyamidle, bheavy metals,
chlorinated bydrocarbons), but also coatributes to
the mineralogical determination of the soil.

The remaining portions of each soil sample are
oven dried at 60°C prior (o weighing. T.. upper
limit of 60°C is specified in order 10 maintain the
mineral integrity of the soil by preventing the loss of
water of hydration associated with the muneral
siructures which occur in some clays and other
minerals at low temperatures.

Tier 1

Tulhﬂnﬂhrwdvhhwd
samphes by lugh-resolution gamma Spectroscopy,
and i necessary, alpha and beta spectroscopy
analysis (using standard leaching/digestion and
chemical methods®) (o determine the level and type
of activity preseat in cach sample.

Physical separation of the soil particles is
accomplished by mixing at least 250 grams of each
soil sample with water to produce a liquid-to-solid
(L/S) ratio of §/1, agitating the mixture with a
vigorous motion for 30 minutes at ambient
temperature, and wet screening’ through a set of
nested sieves. [n some site specific cases it may be
advantageous 10 perform a less vigorous wash
because of the nature of the comstituents. The
standard sieves include at least mesh sizes 4 (4.75
mm), 50 (030 mem), 100 (0.15 mm), and 200 (0.07$
mm). Each soil fraction is dried at 60°C, weighed,
and analyzed for radionuclide actvity. From this
procedure the weight and radionuclide distribution
by particle size is determined. A similar separation
is also performed using bydroclassification methods.
The results of these tests indicate the compatability
of the soill to remediation by particle-size
hydroseparation techniques.

[NOTE: Al water used must be collected and
analyzed since it may contain transferred radioactive
contaminants, Target Analyte List metals, volatile
organic solvents, and/or pesticides. The analytical
results will determine if the water can be recycled,
safely disposed down a drain, or f it must be
treated as a hazardous waste |

Petrographic analysis is conducted on cach of the
size fractions 1o identify the mineral/matenal
composition and physical properties of the
radionctive contaminants and bost materials.
Petrographic procedures®®'? include the use of
bimocular and ic microscopes (o provide
1 statistical powunt count of all materials larger than
silt-size to 0.038 oum (400 mesh size), and x-ray
diffraction analysis of fines less than 0.038 mm sze.
Density separstions are made on sand and silt size
&M(Mwown)wmhegvy
particles greater than 30 specific gravity using
sodium polytungsiate as the separating liquid. The
heavy fractions, in many cases, provide focus on
radioactive particles which tend 10 concentrate 0
minerals or anthropogenic radioactive matenials of
the heavy fractions. The degree of weathering
presence of coatings, particle shape, surface texture,

e, |



Figure 1: Soil Characterization Flow Chart
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hardness, magnetism. and degree of aggregation or
homogeneous nature are also physical properties
examined for iaterpretations that relate 1o
adsorption, waste form, and potestial physical
separation methods.

Tier I Report

Tier [ tests results are gained from the petrographic
and radiochemical analysis of the size fractions, as
depicted in Figure 1, to assess the feasibility of using
volume reduction as a remediaton technology. The
test results wclude a grain size distribution curve of
weight percent versus particle size, graphic data on
activity level versus particle size, and tables and
graphs on complete physical and mineralogic
descriptions. This data is instrumental to the
interpretation of the radioactive contaminants
concentration w specific size ranges and the physical
simdarty and difference of the contaminants in
relation to host matenals,

It 5 assumed that the petrography and
radiochemistry will be performed by personnel who
are qualified by education and experience to employ
the methodology specified and that
recommendations for additiosal tests to validate key
parameters for future tests will be incorporated i
the report, e.g., recommend analysis of diagnostic
clements that constitute chemical signatures to
radicacuve compounds. Radiochemical data should
also be correlated with miseralogic data for
wterpretations, ¢g., secular equilibrium of
radionuchdes to vabdate natural radioactive mineral
assemblages reported or w the event of non-secuiar
equiibrium of radionuclides, to reflea om
anthropogenically enhanced radioactive waste forms
in the radioactive soil. Any historic data on the ore
minerals used and chemical processes used to
convert the radionuclides to

compounds should also be reported for the foreasic
data o might provide to support the list of
radicactive compounds reported i the Tier |
testing.

The Tier | report will provide an assesament of the
technical feasibility of using one or more of the
volume reduction technologies. Based on the
feasbility of the most promising alternative, the
Tier | report will also provide recommendations on
further testing (Tier IT) focusing on the validation of
key factors that affect volume reduction. On the
other hand, an evaluation of the test data could lead
to the preliminary conclusion that volume reduction
is not technically feasible,

Tier 11

If the Tier 1 test data iadicates the sod s
.atsfactory for remediation consideration Tier 11
testing 18 conducted. Tier II tests are designed 1o
collect additional data for further characterization of
contaminated sous. For example, additonal sou
fractions may be tested to focus on the muperal
phase of opaque coastitueats, particle coatings, or
special materials requiring more  precise
ustrumentaton for validation of particies than was
made available for Tier I tests. Additonal tests
may also be necessary to provde optimum soul
separation sizes. These tests can be performed with
small soil volumes. The results are to be used to
plan bench-scale tests that are designed to take
advantage of umique pbysical and chemical
characteristics of radicactive contaminaats and host
sou constituenis. Tier II tests 1o be considered are
in support of one of the following general categories
of treatment technologies:

Particle separation,
Particle liberation, and
Chemical extraction.

Particle separation is the separation of a mixture of
vanious particles into two or more portions. For
example, magnetic separation separates a moaure of
soil particles based oo the difference in magnetic

susceptibilities.

Particle h‘hermnthephyualdebonm of
contamunated particles or coatings from clean
particles. For example, attrition removes friable
coatings from soil particles.

When performing chemical extraction, the sou is
immersed in a solvent that has beer carefully
chosen to preferentially extract the contaminant.

Seiected chemical extraction tests may be performed
mTuﬂ(uMnaFw l)todeummthe

to remove contaminants from seiected particle-size
fractions or from whole soil if it proves to be
unsuitable for remediation by physical separation
rechmiques. For example, the latter possibility exsts
for soils with uniform radionuclide distribution
among the vanious particle sizes.

The chemical extraction tests are conducted on 100



gram samples of selected soil fractions or whole
woil. Oa a sample w which the nature of the
contaminant 5 poorly known, extractions are
performed at %0°C wath water and cach of four
extracting reagents known to be effecuive in
removing vanous radionuclides from contaminated
soils.  These reagents nclude dilute solutions of
hydrochloric acid, nitric aaid, sodium chloride wath
hvdrochlonc acid. and sodium hexametaphosphate.
With foreknowledge of the presence of a
contaminant in a particular mineral form, one or
two otber select extracting reagents specific for the
mineral are also wcluded in these preiiminary tests.
The results of these tests pronde wnformation about
the potestial of chemical extraction as a
complement or alternative to remediatiyn.

Along wath Tier | results, data from the Tier 1 tests
can be used to select bench-scale test equipment for
conducting remediation tests of contaminated souls.
The initiation of bench-scale testing . based on the
preliminary information prowvided by  soil
charactenization which assesses the {ifferences wn
physical properties berween the waste form and host
matesials.  For example, for physical volume
reduction the applicable information relating to the
differences in the waste form from the host material
may be classified as follows:

Relationship of radioactivity to particle
sizes.

Relationship of radicactmity to particle
densities.

Relavonship of radicacuvity to particle
weltabilities,

Relationship of radinactivity to particle
shapes.

Relatioaship of radiosctivity to particle
MAGHENC Properics.

Relationship of radioactivity to friability of
particles or of particle coatings.
Solubility of contaminants.
The most important information is the relationship
of radicactivity to particle sizes. The information
on the other physical properties such as deasity is

obtained by identifving the waste form and host
matrix using petrographic techmques, [t s
unportant to develop this petrographic information
for various ranges of particle size. And, based oo a
careful anaiysis of this information, a prelimunary
bench-scale test can be designed using baich
applications of physical methods if a difference in
the physical properties stated exists between the
radioactive contamnation and the host materials.

Tier II Report

The Tier I report conmsists of the test data
generated in the categones depicted in Figure [ In
most cases, except for the chemical extraction tests,
the Tier | recommendations provided focus on
amplification of specific objectives that appear
tables and graphs in the report. Tier I tests results,
just like Tier | tests results, are evaluated 1o assess
the feasibility of using volume reduction, and if so,
to what degree. The evaluation has focus on the
physical differences previously cited berween the
waste form and host materials for design of bench-
scale tests that will provide more realistic
quantification of degree of separation possible by
volume reduction equipment. The sature of the site
specific soil drives the testing performed so that,
while no standard format is preseated, it s assumed
that the test objectives will be governed by qualified
personnel skilled in the state of the art of quality
benefication testing The report data can thus
generate preliminary cost and time assessments that
relate to the feasibility of volume reduction for the

particular site.

with respect to grain size. The intent is to return
the "clean” soil fractions, which cas be a mayr
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