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ABSTRACT -

Waste management procesées haye been deve]oped'to reduce the

volume of Rocky Flats soil contaminated with plutonium and americium

and to prepare the contaminated fraction for terinal storage. The
primary process consists of wet-screening.- The secondary process
Qses,attritiOn scrubbing and wet screening with'additivés. "The
tertiary process involves volume reduction of the\contaminéted
fraction by calcination, or fixation by conVersion to glésé; The

results of laboratory scale testing of the processes are described.

m s reee 7 e




-2 -

~ INTRODUCTION

In January 1964, an area of the Rocky Flats Plant was found
to be contaminated with plutonium. This area had been used to
store 220-litre drums.of plutonium contaminated lathe coolant o0il
and carbOn.tetrachléride (CCQ) since 1958. Many of the drums had | L
corroded and leaked plutonium contaminated 0i1-CCl, into the soil. o
A1l drums were removed from the storage area and processed by

January 1968.

The plutonium contamination level in the soil was found to
range from 2000 to 300,000 dpm/100 cm2 with a depth penetration of
from 2 cm fq at.]east 20 cm. By.November 1969, the contaminated
soil area was covered with}approkimate]y 8 cm~of fill dirt, 15 cm

of loose gravel and 8 cm of asphalt.

Preiisinary decontaminetion studies incicated that mechanical
sieving could rezrce the voluse of contaminated soil in a3 windblown
soil sample. The highest plutonium and americium concentrations

were associated with the smallest soil particles.




In 1976, a program was initiated to find methods for decon-
tam1nat1ng the soil now covered by theasphalt pad. - Soil samples

-were taken from six different locations beneath the asphalt pad.

PTutonium decontam1nat1on studies were then conducted on a laboratory

scale with the pad soil as well as with soil samples from the wind-
blown areas. These studies involved techniques such as dry and wet
screening, attribion scrubbing and calcination with and without

glass-forming agents.  This report summarizes these findings.



EXPERIMENTAL
Materials

Soil decontamination experiments were conducted on.eight
batches of p]utohium contéminated soil. Two of these were windblown
soils, while the other six batches were obtained from beneath the
asphalt pad. The contaminated soil was shoveled into double-bagged,
20 Titre polyethylene bags. These bags were then sealed, placed
in 220-1litre mild steel drums and shipped to the soil decontaminétion
laboratory; . | |

A1l chemicals used in the study were regaent grade.

Equipment and Procedures

Soil decontaminatfon procedures included screening, scrubbing,

and ca]cinatfon.with and Without glass fonners. Prior to performing
thése procedures, each of the eight soi1 samples‘(aproximately 4 kg
| each) wa§ p]aced in a drying oven at- 100°9C for a perijod of five |
days. Each batch was then weighed and mixed for an eight-hour périod'
on a twin shell b]ender,‘and sampled. |

A sieve shaker was Used‘to_dry screen the sof]. u. S!'Standérd

sieves (20 cm diameter) were used with the shaker. The shaker
pro?ided a norizcntal, circular motion interspersed with a series
of tapping imouises; it Qaé operated 10 minuies pef screening
operation. Screened soil fractions weré‘weigﬁed, mixed for one hour,

‘then sampled.”
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A Tyler Mode! Rx-24 portable sieve shaker was modified for Co—-
wet screening operatio;s. Basically it consisted of a wash solution
reservoir (4‘]i£re bottle), a peristaltic pﬁmp operating at 20 ml/sec,
a modified sieve 1id, a modified bottom pan, and valves and tubing.

The attritioniscrubbing éxperiments wére conducted with the
Tab model Fagergfen flotation machine. This device consists of three
six-bladed stainless steel opposed-pitch turbine-type prope]]efs on
‘a:stainless steel drive shafﬁ; These operations were conducted
with 100 and 200 grams of soil suspended in 150 and 260 ml of wash
ksoJutioh, respectively. The soil sahples were taken from either
the <4 mm,.%2.4-mm, or <0.42 mm fractions. The soil mixture was.'
boured into the 1 litre mixing tank and scrubbed at 900 rpﬁ for -

‘ 10 minutes. AUbdn completion of the scrubbing'prdcess,_each'soil
fraction was wet screened.k5 | ' |
' Vo]umé.reduction experiments were conductéd using a]iqubts
of an oven-dr}ed (100°C) soil. The samples were heated to.600°C,
800°C 1000°C 1200 C and 1400°C. Weight 1oss and bulk den51ty
.measurements were used to estimate the volume reduct1on obtalned by
| heat1ng to high temperatures
Additional experiments were done to demonstrate the fhs1b111ty —
'pf‘fixing contamina;%ed soil by heating with glass form1ng agents.
commanly used in radizactive waste Fixation. Soil was u;ed in place '
of'SiO2 The materials were intimately mixed, then heated fo
temperature; ranging from 1250 to '14500C and poured into graphite

‘ ot
molds. The r-,u]t1ng waste forms were annealed R SUUOL for three
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hours, then slowly cooled to'émbient temperature. The volume of
the resulting waste form was compared to the orjgina] soil volume

of oven-dried (1000¢) soil.

Soil samples and washes were analyzed radiometrically for

239

281 am and ¢3%py.
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RESULTS AND DISCUSSION.

The analytical results of the excavated soil samples are
shown in Tabie I. The sampling depth shows the soil removal dgptﬁ
reduiréd to reach soi]'reading <250 dpm/g. There is an estimated
14.5 tons of contaminated soil under the asphalt pad.

_glemental analyses on three of the soils showed that the
elemental composition of the soils is similar. Wet screen analyses
of sambles P4 and P5 éhow a soil particle distribution that i; Tog
normal from 5.0 to 0.07 mm (Figure 1). The mass mean diameter is
~10 mm. Thé averagé plutonium and americium concentrations in the

six pad samples4are shown in Table II. The actinide content is

associated with the smaller soil fractions. ‘The'plutonium particles

found in and around the pad area have a mean size of aboht 0.2 um.’

The maximum size of piutonium particle found was about 2 um.

Primary Soil Decontamination Process

'fhe wet and dry screening experiments described}above were
used to develop a primary soil decontaminatibn process. The - |
"data (Table II) show that dry-screening did nof decontahinafe‘the
larger fraction (>4 mm contaihs ~607% of the maés) to the desired"

activity lewvel of <28 dom/q. However, wet-screening successfully
reroyed s congizdnaiion Yeom the w4 mam fraction tooa value balow

5 dpu/g (plutenium ond americium).  The wet-screening aiso
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TABLE I
ANALYTICAL RESULTS OF EXCAVATED SOIL SAMPLES

Actinide Content

- dpn/g Sampling Depth from
Sample Pu Am -~ Top of Pad, cm

A 1,200 330 .

B 11,90 1,400 . - |
p-1 940 620 T |
p-2 i 1,400 1,100 o 61
P-3 8,000 1,000 - 56
P-4 45,000 4,200 - 66
P-5 14,000 4,000 el

P-6 17,000 5,000 61
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‘TABLE 11

AVERAGE DRY AND WET-SCREENING RESULTS OF THE SIX PAD SOIL SAMPLES

160

4,500

Dry-Screening 4.0 mm 4.0 to 2.4 mm 2.4 to 0.42 mm 0.42 mm
Weights 60 4 12 24
Pu(dpm/g) 240 1,400 3,100 29,000
An(dpm/g) 150 270 560 4,100
Wet-Screening

" Weight . 6 4 n 24
Pu(dpm/g) < 120 670 27,000
An(dpm/g) . <5 24 .

e v e e A Sq G e = S e watmm el e s
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substantially redﬁted the plutonium and americium contamination -
level in the 4 to 2.4 mm fraction.

The proposed priﬁary process is shown in Figure 2. It
utilizes a wet-screening operation to separate the contaminated
fines from the larger particulates (>2.4 mm) fo the soil. The
average wet-screening data in Table II show that the >2.4 mm fractions
contain <12 dpm/g Pu and <6 dpm/g Am representing 65 wt% of the
dried: soil. Screening water was easily fi]tefed,through filfer
paper to reduce the plutonium and americium concentration be]oQ

5 dpm/ml.

' Secondary Soil Decontamination Process

Currenﬁ]y the candidéte secondary decontaminatién process
comprises attrition scrubbing‘follbwed by additional wet-screening.-
Figure 3 outlines‘the conceptual flowsheet and includes data for
the attrition scrubbing wet-screéning process. |

Additional tests were done with various reagents"added to
the process water to aid in dispersing andldecontaminating the soil.
A coﬁposite sample consisting of weighted portions of thé six pad
samples was attrition scrubbed fbr 10 minutes and wet-screened with

“the réagent éo1utiéns. The reaéents that qppéared'to best improve
“the decontaminalion of soil compared Lo waler atone were 10 wtﬁn
éalgan, g.1 E citric scig, and 0.1 1 coxalic acid; resuits ave

shown in Table III. TheséAresults show that attrition scrubbing
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FigureZ . Conceptual Primary Process
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TABLE III

ATTRITION SCRUBBING AND WET-SCREENING
A COMPOSITE SOIL WITH VARIOUS SOLUTIONS

Solution

4.0 to 0.42 mm

Distilled Water®

Distilled Water

Hot Distilled Water (~&U°C)
Calgon 10 wt%-

Citric Acid 0.1M

Oxalic Acid 0.1M

aNo attrition scrub

bActim‘dein composite soil:

Fraction

pub Amb
Wty (dpm/q) (dpm/g)
97 . - 740 120
80 s 28
80 180 35
80 - . 66 15
- 160 32

79 68 21

Pu= 3.7 x 103 dpm/g;.Am= 6.3 x 102_dpm/g :
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reduces the concentration of plutonium and americium in the 2.4 - 0.42 mm
size ﬁégztion as well as reducing the size of the soil particles.
Recycle of these solutions after filtering to remove actinide to
<5 dpm/h] is also possible; 10 wt% calgon in particular shows promﬁse

for recycling without loss in decontamination effectiveness.

Tertiary Soil Decontamination Process

Suceessfu] application of a primary and secondary decontamination
proceés may reduce the volume of soil to be shipped to an offfsite
respository by 75 to 80%. Introduction of a tertiary process could
further reduce shipping volume. Acid leach techniques are routinely-
used in p]utonfum recovery processes to recover p]utdntum from residues.
However the Targe scale application of a jeaching technique is not
considered to be economica]]y feasible for.seil. Other techniques

such as magnet1c separation are being considered and tested at present.

,maEventuql1y some voTume of highly, contam1nated 5011)W1T1 rem_ ngghiwwgﬁhgﬂ.qN;‘ﬁprQ

- »’h;

i w111 requ1re e1ther add1t1ona1 treatment for actlnlde recovery or
storage. .- . " ST e
Experiments in which the soil was s1mp1y heated were also done.
Heating'was expected to do two things: destroy organic‘materials which
might "cement' or complex actinide to the soil particle and thus

srevent decontzminaiisn, and reduce the volume by driving off moisture
¢

5

Svarieus fawperatures are snown in T ble IV. A maximum volume reduction
of 26% was attained at 10009C. At IZOOOC the vo]ume decrease was

17 and the ~oit Ll sintered into.a mass which would require crushing
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TABLE IV
VOLUME REDUCTION OF SOIL BY CALCINATION

Temperature ' Vol. Change,
(°oc) : % :

w
600 . B
800 19
1000 SRR &
1200 B v

1400 | 40

*The start1ng so11 had been dr1ed at 1000C

<

’
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for it to flow again. At 1400°C, the soil had fused into a glassy but
highly porous méss which was 40% greater in volume than the original
soil mass. Vitrifying by heatfng'alone would require temperatures
greater than the 1500°C attainable in our muffle furnace. |
Heating the soil at tempera;ure§ >100°C undoubtedly did destroy
“organic material, but it also made the PuO, less soluble; acfinide
recovery was not enhanced by heating. ‘
Although volume reduction is improved by heating the 5011;
dispersibility is increased since organicﬁmaterié] and moisture are -
removed. Thé_product is a fine dust which flows easily. Since
this would prove to be a prob]em'if.containers.were breached, an& -
“since storage of dispersible fines may not even be permitted in waste
.repositories, additional experiments were done to demohstrate~fixation
6f soil. Unlike the experiments described prev1ously, this has been
',; AL "*w ;jone cm},y w:th. cleq. § il at RFP, ,‘_1. s ;". 50.,.,,. ,.‘_,4,.;\ i ,_,m- %us B “‘,‘b,_,’é a.w‘.y
The resu]ts o% §011 v1tr1f1cat1on are shown in Tab]e V. So11 -
;;fwas used in place of S102 and g]ass form1ng and mod1fy1ng agents were é : o
added as shown.- As expected, those mixtures with large amounts of
Group I element oxides and no Zn0 and A1,05 melted most easiiy and
gave the'best waste forms. Those with A1,0, and Zn0 still had particu-
Jates.in the gfass melt after 1 hour at the pouring temperature.
Vitrification gave Tittie or no increassz in waszte volume compared

+ [N R P TIC R, SRR = A N ST I A Faa L s
Fan oy gna, yoidToe oF oo, o avied s oL,
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| TABLE V
WASTE VOLUME INCREASE FROM VITRIFICATION

Soil M0 B,03 Ti0, Ca0 Zn0 A1,0; Temp. (%) av(z)P

IT
1988
Iv

52.5 22.5¢ 10 10 5 .- .- 1250 2
52 13.59 195 45 3 7.5 - 1400 7
52.5 22.52 10 10 5 -- - 1250 0

9.0of 14 3 3 5 10 1450 6

56

1 €18.5% Na

aTemperature at which melt was poured.

bCompar‘ed to original soil vo]ﬁme, dried at 100°C.

20 4z Li 20

- d
97.5% Na,0, 4% K0.

20 4% KZO

f .

. e f DRI .3 gt .,‘u ,.":','_':.,’; e e
*«’*&*ﬂbw a0 el v R R B R

‘ fsz Na

ss“

-
e "g. '; o ~.°§~. -r"&b&




2y

.", '7“.(

<‘t:a'lt:‘lmngl the contamlnated fractlon ‘of the processed soi]..y;ggi FUTL A

'-:h"

-19 -

~ CONCLUSIONS

The test results indicate that dry-screening is not an effective
means for decontaminating Rocky Flats soil. Wet-screening with water
will decontaminate approximately 65% of the pad soil (the >2.4 mm
fraction) to <12 dpm/g plutonium and <6 dpm/g americium. The

activity in the fraction between 2.4 mm ahd 0.42 mm is reduced to

" an average of 670 dpm/g plutonium by wet-screening. Decontamination

of the 2.4 to 0.42 mm fraction by attrition scrubbing is enhanced by
the addition of reagents like Calgon and citric and oxalic acids; the .
plutonium and americium were both reduced to <40 dpm/g rebresenting

11 wt% of the 5011 Add1t1ona1 volume reduct1on can be obta1ned by |
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.. FUTURE WORK

The primary and secondary processes, wet-screening and attrition
scrubbing, will be evaluated on a pilot blant scale. Additional
methods to be evaluated comprise desliming, flotation, and density
techniques. Additional tertiary process evaluation will ‘be done,

including physical and chemical methods for decontaminating or

immobilizing the final contaminated soil fraction.
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