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ABSTRACT : 

Waste management processes have been developed t o  reduce the 

volume of Rocky Flats soil contaminated with plutonium and  americium , . 

.and t o  prepare the contaminated fraction for terinal storage. The 
. . 

primary process consists of wet-screening. . The secondary process 

uses a t t r i  tisn scrubbing and wet screening with additives. The I 

i 
tertiary process involves volume reduction of thescontaminated 

. . 
fraction by calcination, or fixation by conversion t o  glass. The 

results of laboratory scale testing of the processes are described. 



INTRODUCTION 

I n  January 1964, an area of ' the  Rocky F l a t s  P l a n t  was found 
- 

t o  be contaminated w i t h  plutonium. Th is  area had been used t o  

s t o r e  220-1 i t r e  drums of p lutonium contaminated l a t h e  coo lan t  o i l  

and carbon t e t r a c h l o r i d e  (CClq) s ince  1958. Many o f  t h e  drums had .: c r .  

corroded and leaked p lutonium contaminated oil-CC14 i n t o  the  s o i l .  ' ' 

A l l  drums were removed from the .s to rage  area and processed by 

January 1968. 
. . 

The plutonium contaminat ion l e v e l  i n  t h e  s o i l  was found t o  . . 

2 range from 2000 t o  300,000 dpm1100 cm w i t h  a depth pene t ra t i on  o f  

from 2 cm t o  a t  l e a s t  20 cm.' By November 1969, t h e  contaminated 

s o i l  area was covered w i t h  approximate ly  8 cm.o f  f i l l  d i r t ,  15 cm 

o f  loose gravel  and 8 cm o f  asphal t .  

s o i l  sanple. The h iahest '  p lu ton iua  and americium concentrat ions 

were associated w i t h  t h e  snia l lest  s o i l  p a r t i c l e s .  



In 1976,.a program was i n i t i a t e d  t o  f ind methods f o r  decon- 

taminati ng the  s o i l  now covered by f h e  asphal t pad. Soi 1 samples 
. - 

,were taken from s i x  d i f f e r en t  locations beneath the asphal t  pad. 

Plutonium decontamination s tud ies  were then conducted on a laboratory 

s ca l e  w i t h  the pad s o i l  as we1 1 a s  w i t h  soi  1 samples 'from t h e  wind- 

blown areas. These s tudies  involved techniques such as  dry and wet -. 

screening, a t t r i b ion  scrubbing and calc inat ion w i t h  and without 

glass-forming agents. This report  summarizes these f indings.  - 



EXPERIMENTAL 

Material s. 

Soil decontamination experiments were conducted on eight  

batches of plutonium contaminated s o i l .  Two of these were windblown 

so i l s ,  while the other s ix  batches were obtained from beneath the 

asphalt pad. The contaminated 'soil was shoveled into double-bagged, t 
.. 

20 l i t r e  polyethylene bags. These bags were then sealed, placed . I  
i n  220-litre mild s teel  drums and shipped t o  the so i l  decontamination I 

! 
i 

laboratory. . 

All chemicals used' i n  the study were regaent grade. . . 

Equi'pment and Procedures ' 1  
C 

. I' 

Soi 1 decontamination procedures i ncl uded screening ,. scrubbing , 

and calcination with and without glass formers. Prior t o  performing 

these procedures, each of the eight so i l  samples '(aproxirnately 4 kg 

each) was placed i n  a drying oven a t .  100°C fo r  a period of f ive  

days. Each batch was then weighed and mixed f o r  an eight-hour period 
. . 

. . .  on a t w i n  shell  blender, and sampled. . . . - . I 

A sieve' shaker was used ' t o  dry screen the s o i l .  U. S.  Standard . 

I' 
sieves (20 cm dizzater) were used w i t h  the shaker. The shaker 

. . I 
provided a nori zc.nt.31, circ!~13r motion interspcrscd with a ser ies  . . . . i 

1" I 
I 

of tzppi:;; i:;:puis?s; i t v;as operated 10 niinutes pet- screening I 
operation. Screened soi l  fractions were'weighed, mixed for  one hour, 

then, sarr;p'l cti. . 

I 



A Tyler Model Rx-24 portable sieve shaker was modified for  - - 
- - 

. . wet screening operations. Basically i t  consisted O f  a wash solution 

reservoir (4 . l i t r e  bo t t l e ) ,  a p e r i s t a l t i c  pump operating a t  20 mljsec, 

a modified sieve l i d ,  a modified bottom pan, and valves and .tubing. 

The a t t r i t i o n  scrubbing experiments were conducted w i t h  the . . , 

lab model Fagergren f lo ta t ion  machine. T h i s  device consists of three 

six-bladed s tainless  s tee l  opposed-pi.tch turbine-type propel 1 e rs  on 

a .s ta inless  s teel  drive shaft .  These operations were conducted 

w i t h  100 and 200 grams of so i l  suspended i n  150 and 200 rnl of wash 

solution, respectively. The so i l  samples were taken from e i the r  
. . 

the <4 mm,.<2.4 mm, o r  <0.42 mrn fractions.  The so i l  mixture was 

poured into the 1 l i  t r e  mixing tank and scrubbed a t  900 rprn f o r  . 
. 

10 minutes. ~ p d n  completion of the scrubbing 'process,  each so i l  . '  

' f raction was wet sc.reened. . . 

Volume reduction e.xperiments were conducted using al iquots  
. . 

of an oven-dried (1000C) so i l .  The samples were heated to  6000C, 
. . 

800°C, I O O O ~ C ,  1 2 0 0 ~ ~  and 14000C. Weight loss and bulk density '. 

measurements, were used to  estimate the volume reduction. obtained by 
. . . . 

heating to  h i g h  temperatures. 
. . 

. . 4 4  
AGdi t i  onal experiments were done to  demonstrate the . f ~ s  i b i  1.i ty --- . 

of f ix ing  contan:ina&od soi 1 by heating ni i h  glass forming agents -. . 

comconly ~ 5 2 6  i c  radj. ;acti?; .e w d s t e  fixation. S o i l  ,was  used i'n place 

of  S i O Z  Tile maii l r ja is  were inti~:;ately sixed, then heated to  

ternperatut-es ranging from 1250 to '1450°C and poured into graphite 
& ' 

'molds. T h r  w s ~ l t i n g  iJBsie forms were annea'led CR 500'~ for  three 
- -  



. , 

hours, then,  slowly cooled t o  ambient temperature.   he volume o f  

the  resul t ing waste form was compared t o  the or ig ina l  s o i l  v.olume 

o f  oven-dried (1000~)  s o i l .  

Soil sampl es and washes were analyzed radiometrical ly f o r  

2 4 1 ~ m  and 2 3 9 ~ u .  



The analyt ica l  r e su l t s  of t h e  excavated s o i l  samples a r e  

shown i n  Table I .  The sampling depth shows the  s o i l  removal depth 

requir;d t o  reach s o i l  reading - ~ 2 5 0  dpm/g. There is  an estimated 

14.5 tons of contaminated s o i l  under the  asphal t  pad. ! 
i 

Elemental analyses on t h r ee  of the s o i l s  showed t h a t  the  

elemental composition of the  s o i l s  is s imi la r .  Wet screen analyses 

of samples P4 and P5 show a s o i l  p a r t i c l e  d i s t r i bu t i on  t h a t  is log 

normal from 5.0 t o  0.07 rrm (Figure 1 ) .  The mass mean diameter i s  . . I 
i 
i 

4 0  mm. The average plutonium and americium concentrations in the 

s i x  pad samples a r e  shown i n  Table 11. The ac t in ide  content  is i 

associated w i t h  t h e  smaller  s o i l  f rac t ions .  The plutonium p a r t i c l e s  . 1 
found i n  and around the  pad area  have a mean s i z e  of about 0.2 pm.' 

' 

The maximum s ize  of plutonium p a r t i c l e  found was about 2 pm.' 

i 
i 

. , i! s! 

.I 
f !  

Primary Soi 1 Decontaninati on Prbcess .: * 
:i 

. , 

' The wet and dry screening experiments described above were 
f 

used t o  develop a primary s o i l  decontamination process. The . . .  

d a t a  (Table I I )  show t h a t  dry-screening d i d  not decontaminate the  , , 

l a rger  f rac t ion (>4  inm contains -60% of the  mass) t o  the  desired 

e r  , yet-screeni  n g  successful 1 y I 
I I 

5 dpi,i/y (pi.;tc;liLi:, ; i d  j~: :~,. i ; i : jm) . T h e  ?:it-scr.ccrlin? a i so  



FIGURE I PARTICLE SIZE DISTRIBUTTON OF WET-SCREENING 
SOILS P-4 and P-5. 



TABLE I 

ANALYTICAL RESULTS OF EXCAVATED SOIL SAMPLES 

Actinide Content 
dpm/g Sampling Depth from 

Sample .P u Am Top of Pad, cm ' 



TABLE I 1  

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

4.0 rmn 4.0 to 2.4 mm 2.4 to 0.42 rmn 0.42 m Dry-Screeni ng 

Wet-Screeni ng 
. . 

Weight Z 



s u b s t a n t i a l l y  reduced the  p l u t o n i  um and americium contaminat ion . 
l e v e l  i n  t h e  4 t o  2.4 rm f r a c t i o n .  

The proposed pr imary process i s  shown i n  F igure  2. It 

u t i l i z e s  a wet-screening ope ra t i on  t o  separate t h e  contaminated 

f i n e s  from the  l a r g e r  pa r t i cu la tes ,  (>2.4  mm) f o  t h e  s o i l .  The 

average wet-screening data i n  Table I 1  show t h a t  t h e  >2.4 m f r a c t i o n s  

con ta in  c12 dpm/g Pu and <6 dpm/g Am represent ing  65 w t %  o f  t h e  

dried:: s o i l .  Screening water was e a s i l y  f i l t e r e d ,  through f i l  t e r  

paper t o  reduce t h e  p lutonium and americium concent ra t ion  below 

Secondary S o i l  Decontamination Process 

Cur ren t ly  t h e  candidate secondary decontaminat ion process 

comprises a t t r i t i o n  scrubbing . fo l lowed by a d d i t i o n a l  wet-screening. - 

F igure  3 out1 ines the  conceptual f lowsheet  and i n c l u d e s  data  f o r  

t he  a t t r i t i o n  scrubbing wet-screening process. 

Add i t iona l  t e s t s  were .done w i t h  var ious  reagents'  added t o  

t h e  process water t o  a i d  i n  d i spe rs ing  and decontaminat ing t h e  s o i l .  

A composite sample c o n s i s t i n g  o f  weighted po r t i ons  o f  t h e  s i x  pad 

samples was a t t r i t i o n  scrubbed f o r  10 minutes and.wet-screened w i t h  

, the  re~ger;t  s o l u t i o n s .  The r ? ~ g c ? n t s  t h a t   p pea red t o  bes t  improve 

shown i n  Table 111. ~ h e s e  r e s u l t s  show t h a t  a t t r i t i o n  scrubbing 



~ i g u r e  2 .' Conceptual Primary Process 
C . . 
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. . 

1'i.gul.e 3 Candidate Secondary Processes 

I 

Wet- Screening ~ i i t k r  .I 
0 . 4 2  mm 

Y Y 

4f vJ @ 

' 

. . 

. . 

Contaminated 

Soil ( < 0 . 4 2  mm) 

4 8  g 

PU = 2 7 , 0 0 0  d/m/g 

Am .= 4 , 5 0 0  d/m/g 
A 

Decontaminated 

Soil ( f l . 4 2  mrn) 

I 2 2 g  . .  

' 40  d/m/g Pu 

<4O d / m / g ' ~ m  
+ 

C 

h 



TABLE I11 

ATTRITION SCRUBBING AND WET-SCREENING . 

A COMPOSITE SO I L WITH VARIOUS SOLUTIONS 

4.0 t o  0.42 IT& 
, . Frac t ion  

pub Am" 
Solu t ion  W t %  ( dpmlg) ( dpmlq 

Disti 11 ed watera 97 .. : 740 120 

Distil l ed  Water 

Hot IJistil l ed  Water (%~uOC) 

Calgon 10 w t %  

Citric Acid 0.1M 

Oxal ic  Acid 0:lM 

a ~ o  a t t r i t i o n  s c rub  



reduces the concentration of ,plutonium and americium in the 2.4 - 0.42 mm 
r s  

size f a c t i o n  as well as reducing the s i ze  of the so i l  particles'.  - - 

Recycle of these solutions a f t e r  ' f i l t e r ing  to  remove act inide t o  

4 5  dpm/ml i s  also possible; 10 w t %  calgon in particular shows 

for  recycl i ng wi thout loss in decontamination effectiveness. 

Tertiary Soi 1 Decontamination Process 

Successful appl i cation of a primary and secondary decontamination 

process may reduce the volume of so i l  t o  be shipped to an o f f - s i t e  

respository by 75 to  80%. Introduction of a t e r t i a ry  process could . . . 

further reduce shipping volume. Acid leach techniques a re  .routinely . . 

used in plutonium recovery processes to- recover plutonium from residues. 

However the large scale application of a leaching technique i s  not 

considered to  be economically feasible  for  s o j l .  Other techniques ' 

such as magnetic separation are  being considered and tested a t  present. 
. . . . . .  .... . . . .  . . . .  - .  - . ~ve?tu3~~,s+~?.&.&~?.u~~~~~f~&,i,~~&- $o~.iaglj  nq te.d.;sqi . . . .  a w i . reqin . .?hi.+,,; ...&+, bwaSirA .; :>-+&-:..~i-';r.? +-'.'.: ,it.... .g~$.  2 ; .  <,;; .,.3-.I:. .*.# -.::';*..' 1 5 . :  ...c:.- -.a. . 'i- . 

......... . . . . will reqJire &i ther addihonal trea,tment fo r  . . . . . . . .  "actinide recovery o r  . . . . . . . .  .. . . . . . .  . . . . . . . . . . .  ..:. . . . .  . . . .  . . . . . . . .  . ;  ' ,. ... . . .  - .  . . .  . . . . .  . . . .  . . . . . . . . . .  . . . . . _ . . .  . . . . .  . . ' .  ... ...; 
. . .  . . . .  , . . . . .  . . : . s'torage. . .  .: . .  . . . . .. . - , '  

. . . .  . , 
' -. . . . . . . . . 

Experiments i n  which the so i l  was simply heated were a l so  done. 

Heating 'was expected to  do two things : destroy organic materials whjch 

m i ~ n t  "c~ i . i i~n t '~  or coz:plex actinide to  the so i l  par t ic le  and thus 
. . 

. . . .  p,.$.!;bn.; ".~:c,:.~: :::? ;??.!:>fi; a;;; ,-educe the vcjl ljiile by, d r i v i n g  off  n;ojs.turp 

- j?r :c ! - ; ;  - , -..- , G . . - - - , - . P - . -  I , - . !  n 1 . A r:iaxieiun: ~ o l i i i l ~ ?  red"ction 

of 26'; w . 3 ~  a t t ~ i n e . 5  a t  10303C. A t  1200°~,  the volume decrease was 

. . 
. . . . .  c j r l t p r . c ( j  a [jldSS v;hici~ w.3~~13 .  r'€?qui?T crushing 77;: ar ,6  tFo.: ::;.;, :: ... ; ., 



TABLE  I V  

VOLUME REDUCTION O F  S O I L  BY CALCINAT ION 

Temperature 
0 

V o l .  Change, 
% 

. . . .  ... . . " . . . .  . . . .  . . ... . . . . . . . . .  : w : * ' 3  b 4 2.:; , . , . : : . ,  * .* i.- " -5 $.':\.. -4 ,....; . . ..-._ . . .  . . . : . . .  ..., :.:--.-+-.\s ?i.- . , , . :a ...,*.,,. . . *,,*h..*:G >.;.e.*f s.,*;* ; +; . . . - - . .  . . . . . . .  1:. ...:... ..:*The.: s t a . r t i h g .  . ~ . o j  1.. had :been.. dried'.at',  ~OOOC~.,  :-'. .:i, . . .  . . . . .  . . . . . . . . :  . . . . . . . .  !,' > .;:.. :.; . . . . . . . , . _ .  - . . 
. . . . . . .  . - . . . .  ... . . . . . : . .  . . . . . . . . . . :  . . . . . . .  . . . - .. - .  . t ' .  *, 

. . .  . . ' *  : ...... . . . . .  . . .  ' . ? ;  . . . .  . . . . .  . . . . . . . . . .  . . . . 
- .  ; 



for  i t  to 'f low again. A t  1 4 0 0 ~ ~ ,  the so i l  had fused i'nto a glassy b u t  

highly porous mass which was 40% greater in  volume than the original 

soi 1 mass. Vitrifying by heating alone would require temperatures 

greater than the 1 5 0 0 ~ ~  attainable i n  our muffle furnace. 

Heating the soi l  a t  temperatures > 1 0 0 ~ ~  undoubtedly did destroy, 

' organic material, but i t  also made the Pu02 less  soluble; act inide 

recovery was not enhanced by heating. 

Although volume reduction i's improved by heating the s o i l ,  

dispersibi l i  ty  i.s increased since organic material and moisture are 

removed.   he product is a f ine d u s t  which flows easi ly .  Since 

this would prove t o  be a problem i f  containers, were breached, and 

since storage of dispersible fines may not even be permitted i n  waste 

.repositories , additional experiments were done t o  demonstrate. f ixat ion 

of so i l .  Unlike the experiments .described previously, t h i s  has been 
. . .  . . . .  . . . . . . . .  . . 

~ . ~ . - ~ t ~ . e ~ ; ~ ~ ~ , ~ , i g n . ~ ~ y Y Y . w ~  ... ... .< ,..$ . ,.:+. .r ffh t~j.ean;{seil.. , .. . . t . . r  .. . .  &k.@ee ::.. 3.::$~;,*~~-$ri;~r:2..~< ;? >k;--' Y .  : ;h,?< : :.:. .'.:.: ,: ;?&& .$, .' 0.d .. .. :, 
.;;:a - >. , '"a . . . . .  .: " '  ..,.! .. :.i ...; :. 4 i : j i . . : -  . :. . . - . .-.. , .. -+:\$. .\ , ?.+>;Y.b;, =v;. !*:.%&2. ,,*:E-..** . . , , , . - .  , . .  '. . . . *  . _ .  # ' .  . . . . . . . . . . . . .  .C 

. . . . . . 

..... ~ h e . r e s u l t s  of so i l  v i t r i f i ca t ion  are  shown i n   able V .  ' Soil . '. . . 
. . .  . . . .  . ' .  . '  . . .  , .  .: : . . :  . . . . . . . .  . . . . . .  . . .  . . -  . - .  

was used'is: pla;e of Si02 and glass forming ah modify ins, 'agents were .; .' , . . . . . . .  . . .  . .  

added as s'hown: As expected, those mixtures w i t h  large amounts of . 

Group I element oxides and no ZnO and A1203 melted most eas i ly  and 

gave the best waste for-ns. Those w i t h  P.1203 and ZnO s t i l l  had particu- 

. l a t e s .  i n  t h e  ol'ass rnelt a f t e r  1 hour  a t  the pouring ten~perature. 



' TABLE V 

WASTE VOLUME INCREASE FROM VITRIFICATION 

Mix So i l  M20 B203 T i02  CaO ZnO A1203 Temp. ( o c ) ~  A V ( % ) ~  

a~emperature a t  which me1 t was poured. 
I 

I 
I 
! 

. b~ornpared t o  o r i g i n a l  s o i l  volume, d r i ed  a t  100°C. i 
I 

'5% Na20, 4% K20. - . . !.. . .  . . . r 

. .  . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . .  - i . . . . . . . . . .  , ... . . I  



,' 

CONCLUSIONS ' 

The t e s t  r e s u l t s  i n d i c a t e  t h a t  dry-screening i s  n o t  an e f f e c t i v e  

means f o r  decontaminating Rocky F l a t s  s o i l .  Wet-screening w i th '  water 

w i l l  decontaminate approximately 65% o f  the  .pad s o i  1 ( t h e  >2.4 m 
' 

f r a c t i o n )  t o  <12 dpm/g plutonium and <6 dpm/g americium. The 

a c t i v i t y  i n  the f r a c t i o n  between 2.4 m and 0.42 m i s  reduced t o  

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

o f  t h e  2.4 t o  0..42 m f r a c t i o n  by a t t r i t i o n  scrubbing i s  enhanced by ' . 

t h e  a d d i t i o n  o f  reagents l i k e  Calgon and c i t r i c  and o x a l i c  acids; t he  

plutonium and americium were both reduced t o  <40 dpm/g represent ing  

. . . .  11 w t %  .of ' t h e  s o i l .  Add i t iona l  volume reduc t ion  can be obta ined by . . . . . . .  . . . . . .  . : . . . - . . .  . . .  ; .  . . . :  ... . . . .  . . . .  . . . . . . . .  . . . . . . . .  . . . . .  . . . . . . . . . .  J . .  

;,...& ... , ::&. *. r,-k;.... - . .  ' ki1t-ih.i .ing:,. : t ~  ,<cohamina tB',:ff&ii.6$ .sff :thei.p+o&s~,:~or 1.: ~;!;.~~~~~;.:; :.:+f;;icj;i~.:~+ . . .  . . . . . .  
. . 



. . ' FUTURE WORK 
. . 

The prima y and secondary processes, wet-screeni ng and a t t r i t i o n  

scrubbing, will be evaluated on a p i lo t  plant scale.  Additional 

methods to  be evaluated comprise desl irning , f lo ta t ion ,  and density 

techniques . Additional te r t ia ry  process evaluation wi 11 be done, 

including physical and chemical methods f o r  decontaminating o r  

immobilizing t he  f inal  contaminated so i l  f ract ion.  




