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DISPOSAL CHARACTERISTICS OF P L U T O M ~ ! ~  mm A , : ~ I c ~ / I  IN A HIGH 
SALT ACID WASTE 

B. F. Hajek and K .  C.  Knoll 

INTRODUCTION 

This report  presents the experimental r e su l t s  of an investigation requested 

by Isochem, Inc. ,  Richland, Washington. The research'xas needed t o  provide data  

f o r  use i n  the evaluation of the  disposal charac ter i s t ics  of a high s a l t  waste 

(UW) cbntaining small amounts of plutonium and americium. 

This acid aqueous waste contains saturat ion amunts  of organic compounds 

generated from recovery of plutonium and americium i n  a plutonium reclamat ion fa-  

c i l i t y .  Occasionally slug disposal of organic compounds (pr incipal ly  DBBP i n  C C ~ ~ )  * 

in to  the aqueous disposal streem occurs. 

Previous research by Battelle-Northvest (1) indicated t h a t  s o i l  can imbibe 

. t h i s  waste (including slugs' of organic) almost a s  readi ly as water; however, up- 

take of plutonium by s o i l  was lo~r -and  of americium negl igible . .  .The study - from 

which these r e su l t s  were obtained was conducted with surface s o i l  material  ( <  20 ' )  

which is  representative of much of the  s o i l  p ro f i l e  t o  ground water. However, s t r a t a  

occur between the  surface and ground.~rat.er .vhich have d i f fe rent  chemical properties 

and could exhibit  be t t e r  plutonium and americium retent ion charac ter i s t ics .  In  ad- 

di t ion,  treatment of the waste p r io r  t o  ground disposal could r e su l t  i n  a solution 

from which plutonium and americium vould be retained on . s o i l  o r  irl which the  con- 

centration of these radionuclides would be great ly  reduced. 

. The objectives of the  present study were t o :  1) determine the waste neutral i -  

zation a b i l i t y  of s o i l  material selected fram various depths between the  surface 



and ground water; 2) characterize plutonium and americium sorption from. AAW 

waste (both simulated and actual) .by t h i s  s o i l  A e r i a l ;  3) determine plu- 

. _tonium and americium s o i l  sorption from diluted, neutralized and p a r t i a l l y  
- .  

neutralized waste; 4) investigate the  e f f ec t  of a complexing agent on plu- - . . . 
tonium s o i l  sorption; 5 )  determine the  effectiveness of precipi ta t ion .on 

- - 
scavenging plutonium and americium. 

. This study confirmed tha t  adsorption of plutonium and americium. on s o i l  

material  from the  surface t o  ground water was minor from AAW waste and showed 

tha t  s o i l  neutralization or  complexing agents would not sa t i s f ac to r i ly  improve 

adsorption. Gelling i n  s o i l  pores could be induced by p a r t i a l  neutralization; 

harever, permeability was l o s t .  Precipi ta t ion by neutralization effect ively 

.scavenged both plutonium and americium in a waste containing only saturat ion 

amunts of organic and produced a supernate.with improved,soil, adsorption charac- 
. . . . 

t e r i s t i c s  . 
METHODS 

S o i l  material was selected from samples obtained from two weils a t  the  

Z - U\ t i l e  f i e l d  s i t e  (299-~18-6 and 299-~18-7). The s o i l s  were a i r  dr ied and 

sieved t o  < 2 mm d i e t e r .  

A synthetic waste was prepared from composition data supplied by Isochem 

. (fable  I). This composition was the  same a s  given i n  the  interim report  (1) .  

k t u a l  waste samples were obtained fram Isochem. These composite samples were 

obtained by da i ly  sampling f o r  a t  l e a s t  one week. 
I ,  



TABLE I 

Aqueous Waste Composition 

Constituent fi - 

- 
Total  NO 

3 

*Further d i lu ted  with 2 i ts  own volume with water. 
'15 

Equilibrium batch experiments were used t o  determine t h e  s o i l  adsorption 

charac te r i s t ics  of plutonium and americium. An equilibrium -- - -  d i s t r i bu t ion  co- 

e f f i c i e n t  ( K ~ )  was calculated from batch data by the  use of t h e  following 

expression: : 

i n  which C o  = i n i t i a l  concentration, C = f i n a l  equilibrium concentration, ml 

= milliliters of solution,  and g = grams of s o i l .  



S o i l  columns were used t o  determine breakthrough charac te r i s t ics  of 

t r ea t ed  simulated waste and s o i l  neutral izat ion a b i l i t y .  

p r ec ip i t a t i on  treatments were performed by reverse s t r i k e  neut ra l i -  

zation of two pa r t s  waste with one pa r t  50 percent caust ic  i n  one p a r t  water. 

A l l  experiments were made a t  ambient room temperature. 

RESULTS AND DISCUSSION 
, . 

~ e u t r a l i z a t  ion 

The mill iequivalents of ac id  which can be neutralized by a gram of s o i l  a t  

various depths t o  t he  water t ab l e  a r e  shown i n  Figure 1. These data  were ob- 

ta ined  by react ing an excess of H C 1  with s o i l  and t i t r a t i o n  with NaOH t o  the  

phenolphthalein end point .  The s o i l  mater ia l  is e s sen t i a l l y  uniform with respect  

t o  t h i s  property 'except f o r  a l ayer  20-feet th ick  a t  140 f e e t .  

The waste t i t r a t i o n  curve shown i n  Figure 2 was obtained without cowlex- 

ing agents and includes t i t r a t i o n  of ac id i ty  from hydrolyzable metals 'present in 

t h e  waste. .The ava ' i labi l i ty  of s o i l  bases t o  neut ra l ize  the  waste i n  equilibrium 
. ,' 

soi1:waste suspensions i s  shown i n  Figure 3 .  The measured capacity was exceeded 

as the  waste:soil  r a t i o  was increased, indicat ing grea te r  so lubi l iza t ion  of s o i l  

minerals when suspended i n  the  waste. This capacity was not ava i lab le  f o r  waste 

neutral izat ion when the  same waste sanqle was subjecte;d t o  successive equi l i -  

bration"with f resh  s o i l  followed by centr i fugat ion.  Colloidal  i ron  could be ' 

formed during soi1:waste neutral izat ion bu t  was not f i l t e r e d  o r  sorbed on s o i l  

surf  aces. 
. . 



FIGURE 1 

Soil Neutralization Capacity 
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Meq. N ~ O H / &  Waste 

FIGURE 2 

Waste Titration with NaOH. 



Total Mzq. Waste Neutralized 
grams s o i l  

FIGURE 3 

Equilibrium S o i l  Neutralization Capacity 



Figure 4 c l ea r ly  shows the  i n a b i l i t y  of s ~ i l  t o  completely neu t ra l ize  

t h i s  waste i n  a s o i l  column. The i n i t . i a l  pH breakthrough a t  column volumes 

l e s s  than 0 . 1  represents displacement of res ident  s o i l  solut ion added t o  t h e  

s o i l  before packing. I n f i l t r a t i o n  of waste through successive dry s o i l  col-  

umns and analysis  of i n i t i a l  breakthrough pH showed t h a t  t h e  pH became constant 

a t  about pH 2.5. This constancy was maintained regardless of t h e  f a c t  t h a t  

an excess of s o i i  was contacted which. shduld have been adequate t o  overcome 

buffering and cause prec ip i ta t ion .  

S o i l  Adsorption . . 

Adsorption of plutonium and americium by s o i l  was studied by a batch 

equi l ib ra t ion  technique. The da ta  i n  Table 11 s h m  t h a t  adsorption from 

strongly ac id  o r  p a r t i a l l y  neutra l ized waste is  minor. Di lut ion 'and pa r t . i a l  

neu t ra l iza t ion  d id  not improve. adsorption. 

Adsorption on s o i l  was high  a able 11) from a lka l ine  supernate generated 

from precipitation-scavenging treatment, i f ,  only saturat.ion amounts of or-  

ganic were present .  

~ n t r o d u c t i o n  of a s lug o f  organic (206 by volume) reduced tho Kd of both 

plutonium and americium. 

The prec ip i ta ted  sludge was washed with water and analysis  of t h e  leachate 

showed t h a t  small amounts of both plutoniumand americium could be leached; h w -  

ever, both a r e  a s o r b e d  on s o i l  from t h i s  solution.  

Addition of c i t r i c  ac id  on a r a t i o  of s l i g h t l y  l e s s  than mole t o  mole 

metal allows t h e  waste t o  be neutra l ized without p rec ip i ta t ion .  S3lut'ions of 

t he  complexed synthet ic  waste were spiked with plutonium and neutra l ized with 



Effluent  Column Volumes 
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Soil  Waste Neutralizatior Breakthrough 



TABLE I1 

Adsorption of P3.utonium and Americium by S o i l  

Equilibrium Distr ibut ion 
Coefficient 

. . Solution Plutonium ' Americium 

Acid Waste (AAw) untreated 2.4 e l .  

: pH 2 ( s o i l  n e ~ t r ~ a l i z e d )  2.7 < .1 

pH 3 ( N ~ O H  neutralized) 2.9 < 1 

Alkaline Waste from Prec ip i ta t ion  

aqueous * 212 
aqueous + organic 1 .4  42 

Sludge leachate 1540 500 

* 
I n i t i a l  plutonium' concentrat ion and equilibrium concentrat ion 

were too low f o r  confident analysis.  

d i f f e r en t  amounts of NaOH. These solut ions  were then put through s o i l  c o l ~ s  

and removal of plutonium was measured by analyses of t h e  e f f luen t .  Results 

shared t h a t  , s o i l  removed most of the  --plutonium but there  .was a "leakage" through 

the  s o i l  t h a t  remained constant, f o r  t he  passage of a% l e a s t  290 column volumes. 

The l e a s t  leakage was associated with t he  higher pH (5$ a t  6.3 e f f luent  p ~ )  . 
Prec ip i ta tes  tend t o  form i f  neutral izat ion is  car r ied  fur ther .  Plutonium 

equilibrium d i s t r i bu t ion  coef f ic ien ts  were about twice t h a t  f o r  uncomplexed 

waste .. 



~ r e c  i p i t a t  ion-Scavenging 
. - . . - - . . . . 

Two compbsitk waste samples were used i n  p r e c i p i t a t  ion-scavenging studies. 
\ . -  - - .  . -. 

Plutonium and americium scavenging was not a s  e f f ec t i ve  from t h e  sample con- 

t a in ing  an excess o f  organics  able 111) . Decantat ion o f  t h e  aquejus p a r t  

only and scavenging improved decontamination; however, t h e  DF f o r  plutonium 

was about 7.5 times l e s s  than f ~ r  comp~s i t e  1, which contained only sa tu ra t ion  

amounts of organics.  

P r ec ip i t a t i on  treatment formed a p r e c i p i t a t e  which s e t t l e d  t o  a sludge 

volume 50 percent o f  t h e  i n i t i a l  waste volume i n  140' hours. S e t t l i n g  t o  75 

percent occurs i n  48 hours. Vacuum f i l t r a t i o n  o r  centr i fugat ion (approximately . 

1500~)  reduced t h e  sludge volume t o  20 percent.  Additional caus t ic  d id  not re -  

duce t h e  f i n a l  s e t t l e d  volume; hwever ,  l e s s  caus t ic  (0 .5  caust ic :  2 water: 

2 waste) r e su l t ed  i n  f i n a l  s e t t l e d  sludge volumes 1 . 5 t i m e s  t he  i n i t i a l  waste 

volume. 

. . . . TABLE I11 

Decontamination by P rec ip i t a t i on  Scavenging 

Plutonium Americium 

Composite 1 230 >. 5000 

Composite 2 

aqueous 37 > 10000 

Aqueaus + s lug organic 10 =gO 



. I I , . . . .  . 

CONCLUSIONS 

Labo;atory studies show tha t  disposal of AAW waste t o  ground w i l l  re- 

s u l t  i n  pl'utonium and americium contamination of a l l  s o i l  material  wetted by 
. . 

the  waste. Both column and batch equilibrium da ta  show tha t  s o i l  a d s o r p t i ~ n  

of plutonium and americium is  low between. the  surface and ground water: .Thus, 

any assumption tha t  .plutonium and americium is  confined t o  t h e  upper layers of 

s o i l  beneath the  Z-LA t i l e  f i e l d  is invalid f o r  t h i s  type waste. 

Alternate disposal methods which wauld safely confine both plutonium and 

americium in  a small well-defined volume should be considered. Neutralization 

of AAW waste by reverse s t r ike ,  a s  reported above, provides an a l te rna te  method 

f o r  safe ground dispdsal of the alkal ine supernate. The sludge containing the  

plutonium and americium could be stored i n  tanks f o r  maximum confinement, or  

could be stored with a high degree of safety i n  covered cr ibs .  
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