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ABSTRACT

A soil sorter is a system with conveyor, radiation detectors, and a gate. The system activates the gate
based on radiation measurements to sort soil to either clean or contaminated paths. Automatic soil sorters
have been perfected for use ir the cleanup of plutonium contaminated soil at Johnston Atoll. The cleanup

processes soil through a plant <..hich mines plutonium to make soil clean. Sorters at various locations in the
plant effectively reduce the volune of soil for mining, and they aid in assuring clean soil meets guidelines.

INTRODUCTION Over the years, significant changes have taken place to

En ironmental remediation can mea, cleanup of radio, the JA contamination. One change is growth of a plutonium

actively contaminated soil. The Defense Nuclear Agency daughter which enuts a gamma ray. Gamma detectors now

(DNA) is cleaning plutonium contaminated soil frorn a 24- can find plutonium where alpha detectors might not. Gamma

acre site at Johnston Atoll (JA). Potentially contaminated soil surveys have found many small " hot spots' which were then-

is excavated and processed through a soil cleanup plant. The dug up and removed. A comprehensive survey m, 1980 de-

plant uses various mining and milling methods to concentrate fined the major boundaries of contamination (2). In 1984
the plutonium in a small volume for waste disposal. Most of about 15 acres of contaminated soil were scraped and moved
the soil from the plant is clean, and it can be used beneficially. to e mbine most contaminated soilin a single,24-acre radio-

The DNA soil cleanup plant is operated by TMA/Eberline logga1 control area.
,

with engineering support from Morrison Knudsen. The weather has also changed the contamination. Al-

In every soil cleanup which removes soil fr om the ground, though plutonium oxide is insoluble in general, small oxide

the removed soil will contain a mix of contaminated soil and Particles can be removed from the ground by wmd or trans-

clean soil. This happens for various reasons, including spotty p rted below the ground surface by rain (3). Thus, much of
site contamination, uncertain boundaries between clean soil the surface sod is now deficient m small particles, and a hot

and contaminated soil, and use of carth-moving equipment spot may in fact be only one or a few '' hot particles.' Some

and methods which cannot selectively excavate contaminated contammated ground has been moved by erosion.

soil only. Many hot spots amount to only a few shovelfuls of soil.

One feature of the cleanup plant is on-line continuous Often when this soil is divided, radiation checks show only one

sampling of soil for plutonium content with automatic sorting half is contanunated. By repeating the divide and-monitor

of soil to either clean or contaminated paths based on the r utme many times, actmty may be reduced to a smgle pluto-

sampling. tuum oxide particle. The soil that is free of the particle is
clean. Sorting soil based on radiation measurements is a soil

BACKGROUND cleanup.

Contamination at JA occurred in 1%2 when the atoil was In 1987 DNA had TMA/Eberline study the feasibility of

used for testing the effects of high-altitude nuclear bursts. automatic sod sorting for cleanup (4). TMA/Eberline built a

The tests used Thor missiles to boost nuclear devices in test rig which moved bags of soil on trolleys beneath detectors.

vertical trajectories. In four instances problems occurred Radiation sources were m some bags. The system gave a
,

with the Thor, and the nuclear devices were intentionally switchmg signal when radiation count exceeded set levels.

destructed by chemical explosives to prevent nuclear )ield (1). The study evaluated the effect of source strength, trolley

One destruct at 59 see after launch deposited debris and speed, count time, background radiation, and, detector-soil
plutonium throughout the atoll. A second destruct while the geometry. It concluded that automated sortmg would be

Thor was still on the launch pad contaminated a smaller land beneficial for JA cleanup.

area but to much higher levels. Tbc other two destructs, at RESULTS
152 sec and 13.5 min after launch, did not cause significant
kwal contamination. In 1988 DNA had AWC, Inc., design and build a soil

Plutonium was dispersed by the explosive high tempera- cleanup mining plant to include automated soil sorters. AWC

tures and pressures, it either attached to missile fragments e astructed the plant at JA with four sorters, each having a

and soil particles or became individual plutonium oxide c aveyor with detectors toward the feed end and a gate at the

particles covering a wide spectrum of sizes. Debris and larger discharge end. The conveyors have flat,3-ft wide belts which

particles settled on the ground to contaminate surface soil. m ve sod in 0.75-mch thick layers. Each detector system has

initial soil cleanups removed debris that was visually spotted fifteen 4-inch square gamma detectors in two adjacent rows

and cont amination sensed by alpha radiation detectors. Some crosswise to the belt.The detectors are about 1 inch above the

contaminated surface soil was scraped and removed, and layer of soil. Gates are 3-ft wide, standard pant leg type with
some was covered with clean soil. a pneumatically driven flapper for diverting soilto one of two

removal conveyors.
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DNA set plant design criteria. Sorters ngust sample con. The counting boards compute activity and differentiate
tinuoudy and no increment more than 0.1 m may sort clean particles and dispersed activity. The exact position or
ifit contains more than 500 Becquerels transuranium element particles on the belt is determined from the rate of change of
alpha activity per kilogram of soil (Bq/kg). To further assure counts. The precise positioning allows chutes to be open for
" clean soil' meets the guide, no 0.01 m increment may have no more than 2 sec when any hot particle is detected. It aids
more than 5 kBq. The 500 Bq/kg guide represents a limit for is reducing the volume of soil sorted to the hot path when only
dispersed activity, and the 5 kBq guide a limit for particle a particle warrants sorting.
activity. A plutonium oxide particle at the limit has about 70 The controller computer is a single board microcomputer
microns diameter, which collects data, makes dispersed activity determinations,

The sorter detectors were connected to a microprocessor signals the activation ofgates, handles feedback from the gates |

which compared the sum of counts over 10 sec for all 15 in the form of switch closures to confirm chutes are in the !

detectors against a count related to the 500 Bq/kg guide, and proper position, and tests for system upsets such as a failed
the counts over 2 see for individual detectors against a count detector. This computer services a local keyboard and display
related to the 5 kBq guide. If " guideline counts * were ex- for the entry and editing of counting board parameters includ-
cceded, gates would open to the hot path. System control was ing high voltage and window widths, and it prmides a commu-
through a personal computer ass'gned operating parameters nication link to the personal computer in the cleanup plant
such as guideline counts, sorter conveyor speed (typically 20 control room.
ft/ min), and detector-gate distance. Gates would open after The central personal computer maintains a log of data,
a delay for travel from the detectors, and remain open for sends commands to the controllers, and requests and displays
either the 10-sec or 2-sec count time plus an additional 2 sec data from the controllers. It also generates summary reports
to be sure an entire increment sorted to the contaminated of soil sorted by date, time, detector number, chute number,
path, and activity, and maintains a running inventory of the weight

The soil cleanup plant was tested in 1989 (5). When of soil sorted to the clean and contaminated paths and the total
optimized, about 2/3 of the plant feed soil sorted as clean and activity for the contaminated soil.
1/3 sorted as contaminated. Further analysis revealed, bow-
ever, that the time gates were open was proportional to activ- CONCLUSIONS
ity. A hot particle could cause the guideline count to be Soil sorters made with precision hardware, microproces-
exceeded for much mor e than one 2 sec counting interval. It sors, and adequate programming cay be very beneficial in
might carry a swath of cican soil 3-ft wide and 10 sec (3 ft) or contaminated soil cleanup. They substantially reduce the
more long to the hot path. Other shortcomings with the sorter volume of clean soil which goes with contaminated soil for
had the opposite effect of sorting contaminated soil to the waste disposal, and they provide proof that soil mined ofits
clean path. For example, bat wipers wiped to the clean soil contamination is clean. They are an emironmentally good
path, and belt speeds were not constant so hot soil could arrive cleanup tool, as they permit returning some soil to the ground
at gates before or after gate openings. rather than sending it to a disposal facility.

DNA awarded TMA/Eberline a contract in 1990 to make Soil sorters can providi more thorough sampling and
the plant more efficient and effective, and to operate the plant tiigher quality data than is possible from the most com-
to complete the cleanup of JA soil. A key factor in the prehensive site survey. Further, the cost of excavating and
selection of TMA/Eberline for the work was its approach to processing soil through a sorter nay be less than the cost of a
improsing the soil sorters. site characterization. Based on the cost economy and perfor.

The new sorter design has an assembly of eight 4-in wide mance of automated soil sorting demonstrated at JA, soil
chutes instead of a 3-ft wide gate. The chutes in this "seg- sorting should be useful for other radiological cleanups.
mented gate' are extended and retracted by pneumatic cylin-
ders. Full movement in either direction is set at 0.15 sec, and REFERENCES
movement is repeatable within 0.02 sec. The sorter has a 1. Douglas Missile & Space Systems Division Report,"Oper-
control panel which displays reaction time of each chute ation Fishbowl: A History of the Program, December j
individually or in combinations up to all 8 chutes acting simul- 1%1 - November 1%2,* SM-42530,21 Dec 1961; Resised I

taneously. Other system improvements include a belt wiper 1 May 63.
which guarantees no soil sticking to the belts will fall to the 2. EG&G Survey Report, *A Radiological Survey of John . ton
wTong path, and an adjustable frequency drive which controls Atoll, Date of Survey: April August 1980," DNA-8114,
belt speed at 30 ft/ min with less than 0.1 % variation under the First Revision, April 1982.
most extreme conditions.

A separate single chute gate is m tandem with the seg- 3. IAEA Symposium Proceedings, " Transuranium Nuclides.. .

in the Environteent, San Francisco,17-21 November
mented gates along the contaminated soil path. It can extract 1975," STl/ PUB /410, international Atomic Enelgy
samples for quahty control purposes such as vertfymg that a
detected hot particle sorts to the hot path. Tbc tandem gate ^8*Y' " * '

'

may also be used to remove particles from further processing 4. F. F. GHAMBARI, S. J. WALIGORA, JR., and J.
by the plant if mining metbods which follow would not gain BROWN, " Feasibility Study on the Application of Scil

,

additional volume reduction. S rter Technok)gy to Support the Radiological Decon-
In addition to the significant impio ments made to the tamination of Johnston Atoil," April 22, 1988.

gates, the new sorters have major advanc fftdation source TMA/Eberline Contract DNA 002-87 M0985.
detection. Each detector now has a single board counting 5. AWC Report,*Johnston AtollTRU SoilCleanup-Up Proj-
computer, and all detectors in an array connect to a single ect, Anembly & Demonstration of the "TRUclean* Soil
controller computer which connects with a personal com. CleanupUp Plant,* Prepared for FCDNA, Kirtland AFB,
puter. NM,17 Ang 1989 (Draft).
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United States Office of Publicanon 9380.110F5 I

Environmental Protection Solid Waste and May 1992
Agency Emergency Response

GEPA Characterization Protocol
for Radioactive
Contaminated Soils

Office of Emergency and Remedial Response Quick Reference Fact Sheet
Offim of Radiation Prorrmme ANR-458

The Superfund Amendments and Reauthorization Act of 1986 (SARA) mandates that remediation at
Superfund sites must utilize a permanent solution and alternatin treatment technologies or resource recovery
options to the maximum extent practical,ie. Treatment technologies that permanently and signi&='ly reduce
the mobility, toxicity, or volume of hazardous substances are preferred in this requirement. However, in most
remedial actions conducted to datt: at radioacnve sites, the radioactive soil has been excavated and stored in
temporary above ground containment facilities. To alleviate this storage situation the Office of Radiation Pro-

q

grams has developed an innovative soil characterization process applicable in the RI/F3 stages of the Superfund
process to support the development of technologies for on-site volume reducion of radioactive soils by physical
separation .2 technologies.t

1

|

BACKGROUND CHARACTERIZATION DESCRIPTION

The volume reduction methods employed are based This soil characterization protocol examines the
'

on physical / mechanical technologies that are various size fractions of a representatiw sample of j
common to the coal and ore processing industnes. radioactzve soil from a Superfund site, to provide
These common technologies have been adapted, the following information:
modified, and directed toward the task of soil
restoration. This soil characterization protocol is Grain size distribution curve which relates-

designed to demonstrate the suitabihtiy (or lack. weight percent versus particle sire.
thereof) of various radioactmry raata=i==*aA soils
for physical or chemical separation prarenaea Ret **W'a of radioactmty Io particle size.-

These could potentially remove the radioactive
fraction from the soil, thus prodacmag a == aller Ideardearma of the mineral / material-

volume reqmnas disposal, h protocol coasbines compossoon and physical properties of the
radiochemical had petrographic analysis of soil radioactive cnata=inanta foe the various
fractions, focusing as the enata=immar waste and its size fractions.
particle size distrbation in.the host media. Soil
remediation by voineas radama= takes advantage of Ide=ti&*tiaa of the mineral composition-

the fact that radionuclide en=ta=imaata concentrate and physical properties of the hnst material
generally in the smaller soil size frareinna, and tend for the various size fractions. |

to selectively assocante with materials that possess ;

unique physical and/or chemical propernes. & Adduonal information on contaminaar and-

data obtained by following this protocol are used as host matenal mmeralogical and physical
the first phase of remeAintina assessment to y.pdi= in support of feasible volume
determine if mlume reduction is feasible, red e techmques, c.g, magneue

Properties.
,

& PmtedonkcyeiedPaper
i
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These data are imed to concepenalize a site speafic Tier I
vedume red =nine proces based on one or more of ,

I.

the folkrweg terimarngnes. Tier I begins with radioanalysis of the dry 500
sampics by high resolution gamma spectroscopy, |

screening, and if necessary, alpha and beta spearoscopy-

analysis (using standard teaching / digestion and
6

-;
classification, chemical methods ) to determine the level and type-

of activity present in each sample.
graity separadon,-

,.,

Physical separation of the sou particles is
magnetic separation, accomplished by mixing at least 250 grams of each-

sou sample with water to produce a liquid-to solid
- flotation, (t/S) ratio of 5/1, agitating the minure with a

vigorous motion for 30 minutes at ambient
- chemical enraction, temperature, and wet screening through a set of7

nested sieves. In some site specine cases it may be
wuhing advantageous to perform a less vigorous wash.

because of the nature of the constituents. The
scrubbmg, standard sieves include at least mesh sizes 4 (4.75

-

mm),50 (030 mm),100 (0.15 mm), and 200 (0S75
surface de bonding, and mm). Each soil fraction is dried at 60 C, weighed,'-

and analyzed for radionudide activity, From this
- attrition. procedure the weight and radionudide distribution

by partide size is determined. A similar separation
Tbc two. tiered sou charaaeriratino protocol, as is also performed using hydraA=u&= tion methods.
shown in Figure 1, consists of feasibuity analyses The results of these tests indicate the compatability
(Tier I), and optimiratina anilyses (Tier II), as of the sou to remediation by partide-size
necessary, to cost-effectively maximize the volume hydroseparation techmques.
reduction.

[NCyTE: AE water used must be collected and
Pre-Tier I analyzed since it may contain transferred radioactive

cont =ada==*=. Target Analyte L.ist metals, volatile
Prior to Tier I laboratory tests, the representative organic solvents, and/or pesticides. The analytical

contaminated sou samples obtamed in comg results wiB determine if the water can be recyded,
with EPA and DOE discu6 from a site are safely disposed down a drain, or if it must be
radiologically screened to assure that the actzvity treated as a hazardous waste.]
levels are within laboratory license requirements
and that proper safety practices will be applied. Petrograpide analysis is conduced on each of the
Additional chemical analpes should be performed size franiana to idenufy the mineral / material
on a poruon of each soil sample for the presence of composition and physical properties of the
organic and beavy-smetal n=arirments if that radinanite enata==mara and host materials.
information has not been pe.'dy Wad This Petic i.94Jc gMiwas,to indude the use ofs
information not only idear h a hazardous binocular and petrographic microscopes to prodde
constitutents (e.g., cyamde, heavy metals, a arariarwal point count of all materials larger than
chlorinated hydrocarboss), but also contributes to silt-size to 0.038 nun (400 mesh size), and x ray
the mineralogical determinarian of the soit diffraction analysis of fines less than 0.038 mm size.

Density separations are made on sand and sik size
The remaming portions of each 500 saropic are fractions (030 to 0.045 mm) to concentrate heavy
oven dried at 60 C prior to weighing. Tu upper particles greater than 3.0 specane gravity using
limit of 60 C is speci5ed in order to ==intain the sodium polytungstate as the separating liquid. The

,

mineral integrity of the soil by preventing the loss of heavy fractions, in many cases, provide focus on
water of hydration associated with the nuneral radionazve particles which tend to concentrate in' ,,,

structures which occur in some days and other minerals or anthropogenic radioactrve materials of
minerals at low temperatures. the heavy fract ons. The degree of weathering,

presence of coanngs, partide shape, surface tenure,

;



._ . . . .- .. - - . .. . . .. -

.

:
"

.)
|.

1
.,

Figure 1: Soil Characterization Flow Chart
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hardness, magnetism, and degree of aggregation or Tier II
bomogeocous nature are also physical properties
cumined for interpretations that relate to If the Tier I test data indicates the soil is
adsorption, waste form, and potential physical .atisfactory for remediation consideration Tier 11
separation rnethods. testing is conducted. Tier II tests are designed to

collect additional data for further characterization of
*

Tier I Report contaminated sods. For example, additional soil
fractions may be tested to focus on the mineral

Tier I tests results are gained from the petrographic phase of opaque constituents, partide coatmgs, or
and radiochemical analysis of the size fractions, as special materials requiring more precise '

depicted in Figure I, to assess the feasibility of using instrumentadon for validation of partides than was
solume reduction as a remediation technology. The made available for Tier I tests. Additional tests
test results include a grain size distribution curve of n:ay also be necessary to provide optimum soil
weight percent versus particle size, graphic data on separation sizes. These tests can be performed with
activity level versus particle size, and tables and small soil volumes. The results are to be used to
graphs on complete physical and mineralogic plan bench-scale tests that are designed to take
descriptions. This data is instrumental to the advantage of unique physical and chemical
interpretation of the radioactive contaminants characteristics of radioactive contaminants and host
concentration in specific size ranges and the phpical soil constituents. Tier II tests to be considered are
similarity and difference of the contaminants in in support of one of the following general categories
relation to host materials. of treatment technologies:

It is assumed that the petrography and Partide separation,- -

radiochemistry will be performed by personnel who
are qualified by education and experience to employ Particle liberation, and-

the methodology specified and that
recommendations for additional tests to validate key Chemical extraction.-

parameters for future tests will be incorporated in
the report, e.g., recommend analyus of diagnostic Particle sepuation is the separation of a mixture of
elements that constitute chemical ugnatures to various particles into two or more portions. For
radioactive compounds. Radiochemical data should example, magnetic separation separates a mixture of
also be correlated with mineralogic data for soil partides based on the difference in magnetic
interpretadons, e.g., secular equilibrium of susceptibilities.
radionuclides to validate natural radioactne mineral
assemblages reported or in the event of non-secular Particle liberation is the physical de-bonding of
equilibrium of radionuchdes, to reflect on contammated partides or coanngs from clean
anthropogenically enhanced radnoactrve waste forms particles. For example, attrition removes friable
in the radioactive soil. Any historie data on the ore coatmgs from soil particles.
minerals used and chemie=1 pr = =aa used to
convert the raA = ,u - to anthropogenic When performing chemical extraction, the soil is
compounds should also be reported for the forensic 'unmersed in a solvent that has been carefully
data it might pronde to support the list of chosen to preferennally extract the contammant
radioactive cornpounds reported in the Tier I
testing. Selected chemical extracnon tests may be performed

in Tier II (as shown in Figure 1) to determine the
The Tier I report wiB provide an man = ment of the potential for re=**='6 by simple chemical
technical feasibility of using one or more of the extraction. th6=! extraction tests are designed
volume reduction technologies. Based on the to remove contammante from selected partide-size
feasibility of the most promaing alternative, the fracnons or from whole soil if it proves to be
Tier I report will also provide recommendarves on unsuitable for remedianon by physical separation - *

further testing (Tier II) focusms on the vahdarum of techniques. For example, the latter possibility exists
key factors that affea volume reducnon. On the for soils with uniform radionudide distribution

*
other hand, an evaluation of the test data could lead among the various particle sizes.
to the prelimmary condusion that volume reducnon
is not technically feasible. The chemical extraction tests are conducted on 100
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gram samples of selected soil fractions or whole obtained by identifpng the waste form and host
sod. On a sample in which the nature of the matnx usmg petrographic techniques, it is
contaminant is poorly known, extractions are important to develop this petrographic information
performed at 90 C with water and each of four for various ranges of particle size. And, based on a
extracting reagents known to be effective in careful analysis of this information, a preliminary
remoung various radionuclides from contaminated bench scale test can be designed using batch
sods. These reagents include dilute solutions of applications of physical methods if a difference in
hydrochloric acid, nitric acid, sodium chloride with the physical properties stated exists between the
hydrochloric acid. and sodium hexametaphosphate. radioactive contamination and the bost materials.
With foreknowledge of the presence of a
contaminant in a particular mineral form, one or Tier II Report
two other select extracting reagents specific for the
mineral are aho included in these preliminary tests. The Tier !! report consists of the test data
The results of these tests provide information about generated in the categories depicted in Figure I. In
the potential of chernical enraction as a most cases, except for the chemical extraction tests,
complement or alternative to remediatian. the Tier i recommendations provided focus on

amplification of specific objectives that appear in
Along with Tier i results, data from the Tier !! rests tables and graphs in the report. Tier II tests results,
can be used to select bench-scale test equipment for just like Tier I tests results, are evaluated to assess
conducting remediation tests of contaminated soils, the feasibility of using volume reduction, and if so,
The initiation of bench-scale testing L based on the to what degree. The evaluation has focus on the
preliminary information provided by soil physical differences previously cited between the
characterization which assesses the iifferences in waste form and host materials for design of bench-
physical properties between the waste form and host scale tests that will provide more realistic
materials. For example, for physical volume quantification of degree of separation possible by
reduction the applicable information relating to the volume reduction equipment. The nature of the site
differences in the waste form from the host material specific soil drives the testing performed so that,
may be classified as follows: while no standard format is presented, it is assumed

that the test objectives will be governed by qualified
- Relationship of radioactivity to particle personnel skilled in the state of the art of quality

sizes. benefication testing. The report data can thus
generate preliminary cost and time assessments that

- Relationship cf radioactisty to particle relate to the feasibility of volume reduction for the
den;ities. particular site.

,

- Relationship of radaoactrvity to particle SUMMARY
wettabilities.

The characterization protocol desenbed above for
Relationship of radioactmty to particle radsoactive contammatul soils depends mainly upon

-

shapes. the physacal, chemical, and mineralogical
charactenstics of the soil and radioactive particles

Reinei-Ma of radm=Mvity to particle with respect to grain size. The intent is to return
-

magnene propertico the " clean * soil fracnons, which can be a mer
portion of the soil (by volume), to the groud,

- Relati=Ma of radaoactmty to fnabthry of preferrably on-site.
particles or of particle coatmgs.

Supplemental information concerning this protocol
- Solubility of contammantt may be obtained from James Neiheisel or Mike -

Eagle at (202) 260-9630, ANR 461, ' U.S.
Re most important information is the relationship Environmental Protection Agency, 401 M Street j

*

of radioactivity to particle sizes, ne information SW, Wa*Maana D.C. 20460.
on the other physical properties such as density is

.
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