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FIXATION OF RADIOACTIVE WASTES 
IN SOIL AND SALT CAKES 
WITH ORGANIC POLYMERS 

B. W. Mercer, A. J. Shuckrow, and L. L. Ames 

A B S T R A C T  

Organic polymers of the type used in fiberglass laminates were 

evaluated for use in the fixation of radioactivity in soil and preformed 

salt cakes. -- In situ fixation of the radioactivity is to be accomplished 

by injection of the polymers into soil or preformed salt cakes. This 

approach circumvents the costs and hazards associated with the 

alternate method of excavating the highly radioactive soil or salt for 

processing or burial. The results of laboratory studies show that water 

leach rates of radioisotopes or ions from the soil and salt cakes were 

reduced by 99.9% or more by incorporation of the soil or salt in a suitable 

resin matrix. Injection of catalyzed liquid resin into soil with 

subsequent polymerization to form a hard mixture was successfully demon- 

strated in both laboratory and field experiments. 
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FIXATION OF RADIOACTIVE WASTES I N  SOIL AND 
SALT CAKES WITH ORGANIC POLYMERS 

B. W. Mercer, A. J. Shuckrow, L. L. Ames 

INTRODUCTION 

Highly radioact ive  l i q u i d  wastes produced a t  Hanford a r e  s to red  as  

a lka l ine  s l u r r i e s  i n  l a rge  underground s torage  tanks.  In order  t o  mini- 

mize long-term demand f o r  opera t ional  con t ro l ,  t h e  long- lived heat  

producers, ' O S ~  and 137~s ,  a r e  t o  be removed from t h e  s tored  s a l t  waste 

where necessary and the  salt wastes reduced by evaporation t o  salt cakes 

i n  t h e  e x i s t i n g  underground storage tanks. The problems of tank leakage 

and t h e  t r a n s f e r  of l i q u i d  wastes t o  new storage tanks  i s  thereby mini- 

mized. 

Advantage has a l s o  been taken of the  favorable geochemical and 

meteorological condit ions e x i s t i n g  on the  Hanford reservat ion  t o  sa fe ly  

s t o r e  some of t h e  low-level wastes i n  s o i l .  The s o i l s  beneath t h e  200 

Areas e f f e c t i v e l y  a c t  a s  both a f i l t e r  and a chemically r eac t ive  media 

t o  r e t a i n  t h e  long- lived radionuclides,  and 137~s. 

Barring unforeseen ca tas t rophic  occurrences o r  changes i n  cl imate 

and with continued survei l lance  and contro l  of both the  underground 

s torage  tanks and s o i l  d isposal  a reas ,  i s o l a t i o n  of the  hazardous radio-  

nuclides from important l i f e  forms i s  assured with a high degree of 

probabi l i ty .  

The very long period ( severa l  cen tu r i e s )  required f o r  decay of the  

'OSr and 137~s does, however, make prudent t h e  continuation of s tud ies  

of a l t e r n a t i v e  methods which may provide add i t iona l  assurance t h a t  the  



wastes remain i s o l a t e d  from t h e  environment. Excavation and t r a n s f e r  of 

t h e  salt waste and r ad ioac t ive  s o i l  t o  a n a t i o n a l  d i sposa l  s i t e  i s  p o s s i b l e  

as is excavat ion of t h e  s a l t  and s o i l  and subsequent blending i n t o  a spha l t  

o r  p l a s t i c  mixtures.  Both of t h e s e  approaches s u f f e r  from t h e  hazards 

and c o s t s  a s s o c i a t e d  wi th  excavat ing t h e  r ad ioac t ive  salt and s o i l .  

F ixa t ion  of t h e  r a d i o a c t i v e  s a l t  and s o i l  i n  s i t u  provides an a t t r a c t i v e  

a l t e r n a t i v e  t o  t h e  approaches above. 

This  r e p o r t  desc r ibes  a f e a s i b i l i t y  study on the  use of  organic  

monomers which can be i n j e c t e d  i n t o  s o i l  o r  salt  cakes and subsequent ly 

polymerized by s u i t a b l e  c a t a l y s t s  t o  reduce t h e  l e a c h a b i l i t y  o r  mob i l i t y  

of t h e  r a d i o a c t i v i t y  contained t h e r e i n .  

SrnVIARY 

Organic polymers of t h e  type  used i n  f i b e r g l a s s- r e s i n  lamina tes  

were eva lua ted  f o r  use i n  t h e  f i x a t i o n  of r a d i o a c t i v i t y  i n  s o i l  and 

preformed s a l t  cakes. Resul t s  of l abo ra to ry  s t u d i e s  show t h a t  water  

l each  r a t e s  of r ad io i so topes  o r  i ons  from s o i l  and saLt  cakes a r e  reduced 

by 99.9% o r  more by incorpora t ion  of t h e  s o i l  o r  s a l t  i n  a  s u i t a b l e  

r e s i n  matr ix.  The r e s i n- s a l t  l each  r a t e  i s  much l e s s  than  t h a t  r epo r t ed  

f o r  waste ca l c ined  by a  f l u i d  bed c a l c i n e r  bu t  i s  g r e a t e r  t han  t h e  

l each  r a t e  repor ted  f o r  a spha l t  s a l t  mixtures .  Resin- soi l  and r e s i n -  

salt mixtures  have a phys ica l  s t a b i l i t y  comparable t o  t h a t  of conc re t e ,  

t h u s  g r e a t l y  reducing t h e  p o s s i b i l i t y  of mechanical d i s p e r s a l  o f  

r a d i o a c t i v i t y  from waste d i sposa l  s i t e s .  I n j e c t i o n  of t h e  ca t a lyzed  

l i q u i d  r e s i n  i n t o  s o i l  with subsequent polymerizat ion t o  form a hard 

mixture was s u c c e s s f u l l y  demonstrated i n  both labora tory  and f i e l d  experiments.  



The presence of' water i n  the  s o i l  o r  s a l t  i n h i b i t s  the  polymeri- 

zat ion of most of the  r e s i n s  s tudied.  Results  with simulated ITS s a l t  

waste show t h a t  successful  polymerization occurred when a l l  i n t e r s t i t i a l  

water was removed from the  c r y s t a l s .  This could be accomplished by 

drying i n  an oven, but  not by vacuum f i l t r a t i o n .  Normal drainage of 

water from t h e  s o i l  below c r i b  d isposal  s i t e s  i s  expected t o  reduce s o i l  

moisture t o  t o l e r a b l e  l e v e l s  f o r  successf'ul appl ica t ion .  

Tests  made t o  demonstrate the  f e a s i b i l i t y  of including ac t ive  ion 

exchange s i t e s  i n  the  polymer were inconclusive. The p a r t i c u l a r  r e s i n  

t e s t e d  was unsat i s fac tory  due t o  the  nonreproducibi l i ty of the  s e t t i n g  

c h a r a c t e r i s t i c s .  Subsequent t e s t s  indicated leach r a t e s ,  while lower 

than s o i l  o r  s a l t  cake alone,  were higher than the  o ther  non-ion exchange 

polymers t e s t e d .  

Flammability s tud ies  have demonstrated t h a t  the  so i l- res in  

combinations w i l l  not support combustion. Mixtures of r e s i n  and sodium 

n i t r a t e  w i l l  support combustion although the  burning i s  not vigorous; 

t h e  degree of f l amabi l i ty  i s  reduced as the  percentage of i n e r t  salts 

i s  increased. Mixtures of r e s i n  with a simulated waste s a l t  w i l l  only 

marginally support combustion. 

DISCUSSION AND RESULTS 

Polymerization React ions 

A comprehensive discussion of polymer formation i s  beyond t h e  scope 

of t h i s  r epor t ;  however, a  b r i e f  review w i l l  serve t o  e luc idate  the  funda- 

mental reac t ions  involved and define the  terms used. The term "polymer", 

as used in  t h i s  r epor t ,  r e f e r s  t o  a  high molecular weight molecule formed 



by t h e  continuous reac t ion  of simple molecules. These simple molecules 

a re  usual ly  r e f e r r e d  t o  as  "monomers." Some monomers polymerize by 

addi t ion  through t h e i r  unsaturated bonds. For example, a molecule of , .--z ., 
styrene (\,)!-C=CH ) contains a v inyl  double bond. Polystyrene i s  formed 

2 

by styrene molecules adding together  a t  t h e i r  double bonds and the re fo re  

contains no unsatura t ion:  

Polymers may be formed by a condensation reac t ion  i n  which water i s  

produced. An example of t h i s  type of r eac t ion  is  the  polycondensation of 
0 ,  ; 0 

maleic ac id  (HO-C-CH=CH-&OH) with ethylene g lycol  ( H O - C H ~ - C H ~ O H )  t o  

form a long-chained e s t e r :  

The type of polymer shown above i s  commonly re fe r red  t o  a s  a polyes ter .  



Polyes te rs  o r  more s p e c i f i c a l l y  unsa tura ted  p o l y e s t e r s ,  may be cross-  

l inked  o r  copolymerized with monomers such a s  s ty rene  t o  produce s t r o n g ,  

h ighly  s t a b l e  ma te r i a l s  f o r  cons t ruc t ion  o r  f a b r i c a t i o n  ( i .e. , f i b e r g l a s s  

laminates  1. The po lyes t e r  i s  d i sso lved  i n  t h e  monomer and t h e  polymerization 

r e a c t i o n  i s  i n i t i a t e d  a t  t h e  t ime of use.  The polymers t hus  produced a r e  

c a l l e d  thermose t t ing  r e s i n s ,  which cannot be subsequently reformed by h e a t .  

The polymerizat ion r e a c t i o n  i s  exothermic and proceeds through two d i s t i n c t  

s tages .  Af t e r  s u i t a b l e  i n i t i a t i o n  ( o r  c a t a l y z a t i o n )  t h e  f i r s t  s t a g e  i s  

t h e  formation of a s o f t  g e l .  This s t a g e  may r e q u i r e  but  a few minutes 

o r  t a k e  s e v e r a l  hours o r  even days. L i t t l e  o r  no hea t  i s  evolved i n  t h i s  

s t e p .  Immediately fol lowing t h e  g e l a t i o n  s t age  t h e  cure  s t a g e  i s  r a p i d l y  

propagated with cons iderable  evolu t ion  of h e a t .  I n  a l a r g e  i n s u l a t e d  

r e s i n  mass t h e  temperature may go as high a s  s e v e r a l  hundred degrees F 

wi th  extreme r a p i d i t y .  The t o t a l  quan t i t y  of  hea t  l i b e r a t e d  depends on 

t h e  degree of unsa tu ra t ion  of t h e  r e s i n .  

Addition polymerizat ion,  a s  i n  t h e  case of polystyrene formation,  

proceeds by t h e  f r e e  r a d i c a l  mechanism. Free r a d i c a l s  can be produced 

by t h e  decomposition of l a b i l e  molecules by h e a t ,  l i g h t ,  f a s t  nuc l ea r  

p a r t i c l e s ,  o r  i n  t h e  course of a chemical r eac t ion .  Benzoyl peroxide 

i s  an example of a compound t h a t  decomposes t o  g ive  f r e e  r a d i c a l s  f o r  

i n i t i a t i n g  an add i t i on  polymerizat ion r eac t ion .  Benzoyl peroxide and 

o t h e r  organic  peroxides used t o  i n i t i a t e  o r  ca t a lyze  polymerization r e a c t i o n s  

a r e  commonly c a l l e d  " i n i t i a t o r s "  o r  " c a t a l y s t s . "  Substances such a s  coba l t  

naphthenate o r  dimethyl a n i l i n e  which a c t i v a t e  t h e  i n i t i a t o r s  a r e  c a l l e d  

r ' p r ~ m ~ t e r s l '  o r  " ac t iva to r s .  " 

Liquid monomers and thermose t t ing  r e s i n s  used i n  t h i s  work a r e  l i s t e d  

i n  Table I. 



Table I 

Liquid Monomers and Thermosetting Resins 

Product m e  Viscos i ty ,  Spec i f i c  Manufacturer 
Poise Gravity 

Derakane 1 1 4  Vinyl Es ter  0.52 Dow Chemical Company, Midland, Mich. 

- - 

Derakane 118 Vinyl Es ter  0.12 Dow Chemical Company, Midland, Mich. 

Epon 815 Epoxy 13 S h e l l  Chemical Company, Union, 
New Je r sey  

Laminac EPX 154-4 Polyester  5-7 1.10 American Cyanamid Company 
Wallingford, Connecticut 

P o l y l i t e  31-007 

- - 

Polyester  2.75-4.0 1.10-1.12 Reichhold Chemicals Incorporated 
White P la ins  IJew York 

P o l y l i t e  33-052 Polyester  2.5-6.5 1.10-1.12 Reichhold Chemicals Incorporated 
White P la ins  New York 

Ethyl Acrylate Idonomer 0.92 Rohm and Haas Company, 
Philadelphi  a ,  Pennsylvania 

Monomer 

- - - -  - -- - 

Rohm and Haas Company 
Phi ladelphia ,  Pennsylvania 

Hydroxyethylmethyl Acrylate Monomer 1.05 Rohm and Haas Company 
Phi ladelphia ,  Pennsylvania 

Glac ia l  Acrylic  Acid Monomer 1.06 Rohm and Haas Company 
Phi ladelphia ,  Pennsylvania 

Styrene Monomer .0076 0.91 Dow Chemical Company, Midland, Mich. 
- - 

Devinyl Benzene Monomer .OOg 0.90 Dow Chemical Company, Midland, Mich. 



Resin-Soil Mixtures 

Preparat ion 

Standard formulations f o r  catalyzed r e s i n s  used in  the  laboratory 

experiments with both s o i l  and s a l t  waste a re  l i s t e d  i n  Table 2 along 

with t h e  respect ive  ge l  times. The so i l- res in  mixtures were prepared by 

blending two p a r t s  of s o i l  with one pa r t  of catalyzed res in .  The mixtures 

were allowed t o  s e t t l e  and cure i n  polyethylene containers  a f t e r  which 

the  excess r e s i n  was removed p r i o r  t o  t e s t i n g .  The s o i l  used was Burbank 

f i n e  sand sub- soil ,  c h a r a c t e r i s t i c  of t h a t  i n  the  200 Areas. Figure 1 

shows a photomicrograph of a cut  surface  of a cas t ing  of Derakane 118 

and s o i l  which i l l u s t r a t e s  the  sandy nature  of the  Burbark f i n e  sand 

sub- soil.  The connotation "dry," and "wet" r e f e r s  t o  s o i l  moisture 

contents of 2 ,  and 10 weight percent ,  respect ive ly .  Because of t h e i r  

high v i scos i ty ,  Derakane 114, Laminac EPX 154-4 and P o l y l i t e  33-052 were 

not used i n  so i l- res in  experiments. The high v i scos i ty  is  l a rge ly  due 

t o  a r e l a t i v e l y  low s tyrene  content.  A low v i scos i ty  i s  needed t o  f a c i l i -  

t a t e  in jec t ion  of the  catalyzed r e s i n  i n t o  t h e  s o i l .  

The standard Derakane 118 formulation ge l l ed  i n  s i x  hours and s e t  

well  overnight.  Addition of dry s o i l  t o  the  above formulation did not  

appreciably change t h e  time required t o  ge l .  Wet s o i l  added t o  the  above 

formulation, however, r e su l t ed  i n  a f a i l u r e  t o  g e l  o r  s e t  f o r  seve ra l  

days. Therefore, the  use of the  standard Derakane 118 recipe i n  wet s o i l s  

i s  not  f eas ib le .  

The standard Derakane 118 formulation was var ied  with respect  t o  the  

quant i ty  of i n i t i a t o r  and promoter added while maintaining t h e  same 10 
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Figure  1 

Photomicrograph of Darakane 118 - 
S o i l  Mixture at 100 Magnif icat ion 

t o  1 i n i t i a t o r  t o  promoter r a t i o .  The r e s u l t s  wi th  and without  d ry  s o i l  

a r e  given i n  F igure  2.  Because t h e  g e l l i n g  and s e t t i n g  of t h e  r e s i n  is 

a thermally-dependent process ,  i t  i s  no t  s u r p r i s i n g  t h a t  added s o i l ,  

a c t i n g  a s  a h e a t  s ink ,  slows t h e  r e s i n  polymerizat ion.  Overheating and 

cracking  r e s u l t e d  f o r  t h e  Derakane 118 formulat ions con ta in ing  more than  

t h e  s tandard  amounts of i n i t i a t o r  and promoter and no s o i l .  
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Various amounts of dimethyl a n i l i n e  were added t o  the  standard 

Derakane 118 formulation with f a i r  r e s u l t s .  Gel and s e t  t imes were short-  

ened both with and without s o i l  added. For example, g e l  and s e t  t imes 

f o r  t h e  standard formulation without s o i l  were shortened t o  30 minutes 

and 45 minutes, respect ive ly .  However, wet woil s t i l l  did not s e t  

properly i n  the  standard formulation. 

Epon 815 was the  only r e s i n  t h a t  showed a decrease in  g e l  time when 

s o i l  was added t o  t h e  standard Epon 815 formulation. Xylene was added 

t o  reduce both v i scos i ty  and g e l  time of Epon 815. Approximately two 

hours were required t o  g e l  the  standard formulation with e i t h e r  dry o r  

wet s o i l ,  but  2.75 hours were required t o  g e l  the  standard formulation 

without s o i l  added. The standard Epon 815 formulation with dry s o i l  and 

no s o i l  s e t  well  i n  2.25 and 2.9 hours, respect ive ly ,  but  the  sample 

containing t h e  wet s o i l  d id  not progress past  the  g e l  s tage  i n  severa l  

days . 
The standard P o l y l i t e  31-007 formulation ge l l ed  very rapid ly  with 

o r  without s o i l  added. About eleven minutes were required t o  g e l  e i t h e r  

alone o r  with wet o r  dry s o i l .  Only eighteen minutes passed before 

f i n a l  s e t  began. Viscosi ty i s  high and g e l  time t o o  rap id  f o r  p r a c t i c a l  

use of P o l y l i t e  31-007 with s o i l s ,  however. Acetone was added t o  t h e  

P o l y l i t e  31-007 t o  lengthen time t o  g e l  and reduce v i scos i ty .  Addition 

of 5 g of acetone t o  t h e  standard formulation near ly  doubled t h e  time 

required f o r  g e l  i n i t i a t i o n .  However, the  product i s  rubbery, much l i k e  

Epon 815 with xylene added. Styrene seemed t o  reduce P o l y l i t e  31-007 

v i scos i ty  without softening the  f i n a l  p l a s t i c  and s t i l l  lengthened time 

t o  g e l  i n i t i a t i o n .  For example, 0.5 p a r t  of s tyrene added t o  1 p a r t  of 



t h e  standard P o l y l i t e  31-007 formulation without s o i l  ge l l ed  i n  ten  

minutes, 1 p a r t  of added styrene ge l l ed  i n  18 minutes and 1 .5  p a r t s  of 

s tyrene i n  25 minutes. The above formulations containing an add i t iona l  

33%, 50% and 60% s tyrene ,  respect ive ly ,  s e t  i n  30 minutes, 55 minutes 

and 1 . 5  hours. A formulation containing 2 p a r t s  s tyrene t o  1 p a r t  of 

P o l y l i t e  31-007 did not s e t  properly. The addit ion of normal s o i l  t o  

the  above formulations r e su l t ed  i n  g e l  t imes of 1 hour and 22 minutes 

f o r  t h e  33% add i t iona l  s tyrene sample, two hours f o r  the  50% add i t iona l  

s tyrene sample and 3.5 hours f o r  the  60% add i t iona l  s tyrene sample. A l l  

s e t  properly overnight.  Two hundred, 300 and 400 g of s o i l  were added, 

respect ive ly ,  t o  compensate f o r  the  added volume of the  styrene.  

A l l  of t h e  above experiments were i n i t i a t e d  a t  room temperature. 

The e f f e c t  of a lower temperature on r e s i n  g e l  and s e t  t imes a l s o  was 

determined. 

A t  7 O C ,  t he  formulation 50 g Derakane 118 + 0.5% Cobalt naphthenate 

+ 5% M.E.K. peroxide g e l s  i n  one hour and 45 minutes, compared t o  17.5 

minutes f o r  t h e  same formulation a t  23 O C .  The standard P o l y l i t e  31-007 

formulation took 55 minutes t o  ge l  a t  7 OC and 11 minutes t o  g e l  a t  23 O C .  

The standard Epon 815 mixture d id  not g e l  i n  18  hours a t  7 O C  while a t  

23 O C ,  t h e  mixture ge l l ed  i n  2 hours and 45 minutes. A t  60 O C ,  t he  Epon 

815 formulation s e t s  i n  l e s s  than 20 minutes. 

Several  formulations using styrene were t r i e d ,  because styrene i s  

considerably l e s s  expensive than the  r e s i n s  inves t iga ted .  It is a l s o  

considerably l e s s  viscous as  well .  Benzoyl peroxide pas te  and dimethyl- 

a n i l i n e  were used as  promoter and i n i t i a t o r  without success due t o  the  

l imi ted  s o l u b i l i t y  of benzoyl peroxide i n  s tyrene.  Cobalt naphthenate 



and methylethylketone peroxide were then used a s  promoter and i n i t i a t o r .  

Gel l ing  w a s  very slow and progressed u n t i l  s e t t i n g  was complete i n  about 48 

hours.  When t e n  wt $ of divinylbenzene was added t o  t h e  above s tandard  

s ty rene  formulat ion of 50 g s ty rene  + 6 g methylethylketone peroxide + 2 ml 

coba l t  naphthenate ,  t h e  mixture s e t  we l l  i n  about 40 hours.  When 200 g o f  

234-5 s o i l  were added t o  t h e  above styrene-DVB formula t ion ,  t he  mixture s e t  

we l l  i n  about 48 hours.  When t h e  divinylbenzene was omit ted from t h e  mixture,  

only t h e  su r f ace  of t h e  sample s e t .  

Mechanical P rope r t i e s  

Cast ings of r e s i n- s o i l  mixtures  were prepared f o r  mechanical t e s t i n g  

by f i l l i n g  20 m l  polypropylene cen t r i fuge  tubes  wi th  unpolymerized r e s i n -  

s o i l  mixtures.  The mixtures  were cen t r i fuged  a t  2500 RPM f o r  one minute 

t o  remove air bubbles and compact t h e  s o i l  p r i o r  t o  s e t t i n g .  Test specimens 

were c u t  from t h e  c a s t i n g s  which measured 9/16 inch i n  diameter.  The mechanical 

t e s t  d a t a  f o r  t h e  r e s i n- s o i l  mixtures  i s  given i n  Table 3. Bas i ca l ly  t h e s e  

m a t e r i a l s  a r e  i n  t h e  " b r i t t l e "  c l a s s ,  such a s  conc re t e ,  except t h a t  t hey  

exh ib i t  s u b s t a n t i a l l y  more p l a s t i c i t y .  The s t r e n g t h  of t he  s tandard  Epon 815 

mixture was s i g n i f i c a n t l y  l e s s  than  t h a t  of  t h e  o t h e r s  which i s  be l i eved  t o  

be t h e  r e s u l t  of t h e  xylene add i t i on  f o r  v i s c o s i t y  reduct ion .  Standard 

P o l y l i t e  31-007 wi th  and without 10% added s ty rene  exh ib i t ed  t h e  g r e a t e s t  

mechanical s t r eng th .  A s  p rev ious ly  noted,  moisture decreases  t h e  mechanical 

s t r e n g t h  of t h e  mixtures .  

Mechanical s t r e n g t h  i s  d e s i r a b l e  with r e spec t  t o  poss ib l e  water  o r  wind 

eros ion  of t h e  s o i l  d i sposa l  s i t e s .  l'he r e l a t i v e l y  high mechanical s t r e n g t h  

of t h e  r e s i n- s o i l  mixture would s u b s t a n t i a l l y  reduce t h e  d i s p e r s a l  of radio-  

a c t i v i t y  compared t o  t h a t  of un t r ea t ed  s o i l  i f  some unforeseen change 

occurred t o  s i g n i f i c a n t l y  increase  present  e ros ion  r a t e s .  



Table 3 

hlechanical Test Data of Resin-Soil Mixtures 

Resin S o i l  Tens i l  Compression Shear 
Moisture Strength Strength Strength 

p s i  p s i  p s i  

Standard P o l y l i t e  31-007 Dry 

Standard P o l y l i t e  31-007 Wet 

Standard Epon 815 Dry 

Standard P o l y l i t e  31-007 Dry 
plus 10% added s tyrene  

Standard P o l y l i t e  31-007 Wet 
plus 10% added s tyrene  

Derakane 118 with 10 times Dry 
t h e  standard i n i t i a t o r  and 
promoter concentrat ions 

Styrene with 9% d iv iny l  Dry 
benzene, 4% cobal t  nepthenate 
and 11% methyl e t h y l  ketone 
peroxide 

Concrete 



S o i l  Leaching Studies 

Cesium chlor ide  so lu t ion  labeled  with 134~s  was passed through a 

column of s o i l  u n t i l  t he  s o i l  was e s s e n t i a l l y  cesium based. This s o i l  

was then used i n  a l l  of the  leach t e s t s  conducted with the  various r e s i n s .  

Leach r a t e s  were determined from the  quant i ty  of 134Cs de tec ted  i n  t h e  

solu t ion  phase. 

I n  order  t o  obtain some frame of reference by which t o  evaluate the  

ef fec t iveness  of the  thermoplast ics  i n  reducing leaching from t h e  s o i l ,  

a modified s t a t i c  leach t e s t  was conducted on t h e  s o i l  i t s e l f .  Two 100 g 

por t ions  of the  cesium based s o i l  were placed i n  8 oz polyethylene b o t t l e s  

and loosely  packed so as  t o  give a f a i r l y  unifbrm surface.  A 100 m l  

a l iquo t  of t a p  water was then placed on t o p  of each s o i l  sample. Af ter  

various time i n t e r v a l s  the  supernatant l i q u i d  was decanted and replaced 

with a f r e s h  a l iquot  of t a p  water. It was determined t h a t  equil ibrium 

was es tabl i shed a t  a solu t ion  a c t i v i t y  of approximately 8000 cpm/ml. 

Meaningful leach r a t e s  f o r  the  s o i l  alone cannot be reported s ince  i n i t i a l  

m/ml ) and rapidly  f e l l  o f f  a s  equilibrium was r a t e s  were high (1. 5000 
P2 

cm -day 

approached. This made the  apparent leach r a t e  highly dependent upon the  

time i n t e r v a l  between determinations. 

Resin s o i l  cas t ings  were prepared by thoroughly blending together  

100 g of the  cesium based s o i l  and 50 g of the  appropriate thermoplast ic  

* 
i n  8 oz polyethylene b o t t l e s .  This mixture was then centr ifuged s o  as 

t o  produce compaction of the  s o i l  and obtain a t h i n  l aye r  of excess 

r e s i n  on top.  The standard r e s i n  formulations were used i n  the  prepar- 

a t i o n  of a l l  cas t ings .  



Each cas t ing  was allowed t o  cure f o r  24 hours o r  more and was then 

cut with a  hacksaw t o  remove the  top  port ion of the  cas t ing  including 

the  r e s i n  l a y e r  and a  por t ion  of t h e  so i l- res in  mixture. The top  surface 

of the  bottom por t ion  of the  cas t ing  was abraded with emery c l o t h  t o  

produce a  smooth surface.  This sec t ion  of cas t ing  was then placed i n  a  

8 oz polyethylene b o t t l e  from which the  neck por t ion  had been removed. 

A hose clamp was t ightened around the  b o t t l e  a t  the  top  of t h e  cas t ing  

t o  form a  s e a l  and prevent any leakage of w a t e r  around t h e  s i d e s  and 

bottom of the  cas t ing .  Only the  top  face of the  cas t ing  ( su r face  a r e a  

2 26 cm ) was i n  contact  with the  100 m l  a l iquo t  of t a p  water which w a s  

then placed i n  t h e  container  ( ~ i g u r e  3 ) .  The 134~s  content of  the  so lu t ion  

w a s  determined a t  appropriate time i n t e r v a l s  and the  water was replaced 

with a  f r e s h  100 m l  a l iquo t  a t  t h e  time of each such determination. 

Replacement of t h e  leaching solu t ion  w a s  timed so  t h a t  an equil ibrium 

condition was never approached and the re fo re ,  meaningful leach r a t e s  

could be determined. 

Figure 4  presents  the  r e s u l t s  of s t a t i c  leach t e s t s  conducted with 

( 1 )  four r e s i n s  compared with the  leach r a t e  of an asphal t- sa l t  mixture . 
Duplicate samples of P o l y l i t e  31-007 and Laminac showed good agreement 

over a  50-day period. A l l  of the  r e s i n s  t e s t e d  s i g n i f i c a n t l y  reduced 

t h e  leaching of cesium from the  s o i l .  However, Derakane 118 exhibi ted  

t h e  most r ap id  reduction i n  the  leach r a t e  and compared favorably with 

t h e  a spha l t- sa l t  mixture. 





Neg . PM 711860-2 
Figure 4 Cesium Leach Rates Resin-Soil Mixtures Compared 

with t h a t  of an Asphalt-Salt-Waste Mixture 



Resin I n j e c t i o n  i n t a  S o i l  -- 
The i n j e c t i o n  of Derakane-118 i n t o  s o i l  was eva lua ted  i n  t h e  labor-  

a t o r y  and i n  t h e  f i e l d .  ~errakane-118 was s e l e c t e d  on t h e  b a s i s  of  i t s  

r e l a t i v e l y  low v i s c o s i t y  and slow g e l  t ime mixed with s o i l .  Labor- 

a t o r y  s t u d i e s  showed t h a t  Derakane-118 g e l s  i n  about 15  minutes with 3 

t imes t h e  s tandard  i n i t i a t o r  and promotor concent ra t ions  but  t he  g e l  time 

is  delayed f o r  s eve ra l  hours when mixed with normal s o i l .  A s o i l  column 

w a s  prepared t o  eva lua te  t h e  flow of t h e  s tandard  Derakane 110 formu- 

l a t i o n  through dry packed s o i l .  The s o i l  was contained i n  a 1 .9  cm I D  

g l a s s  t ube  and t h e  r e s i n  was pumped upflow i n t o  t h e  s o i l  with a p e r i s t a l t i c  

pump a t  a pressure  of 60 ps ig .  ?'he r a t e  of r e s i n  flow through t h e  s o i l  

became q u i t e  slow a f t e r  t r a v e l i n g  3 inches.  The pump was stopped a f t e r  

t h e  r e s i n  had flowed 8 inches ( Q  1 5  minutes)  i n  t h e  s o i l  column and t h e  

column was allowed t o  s e t  overnight  t o  cure.  The lower 4 inches o f  t h e  

r e s i n- s o i l  column were darker  i n  c o l o r ,  similar t o  t h a t  obtained i n  ba tch  

mixing where t h e  s o i l  i s  s a t u r a t e d  with r e s i n .  The upper 4 inches were 

l i g h t e r  i n  c o l o r ,  and assumed t o  be unsa tura ted .  Sec t ions  were c u t  from 

t h e  column and a r e  shown i n  the  photograph i n  Figure 5 .  The s e c t i o n  

at t h e  f a r  l e f t  shows t h e  l i g h t e r  unsa tura ted  zone. The dens i ty  of 

t h e  darker  zone w a s  2.09 g /cc  and t h a t  of t he  l i g h t e r  zone 1.96 g/cc.  

The s tandard  ~e rakane -118  formulat ion was a l s o  pumped through a 2- 

inch diameter s o i l  column with a p o s i t i v e  displacement pump a t  pressures  

up t o  400 ps ig .  The r e s i n  flowed 42 inches i n  1 3  minutes a t  which po in t  

t h e  pump was shut  down due t o  rup tu re  of t h e  g l a s s  pipe conta in ing  t h e  

s o i l .  The lower 26 inches of r e s i n  s o i l  mixture hardened i n  two days but  

t h e  upper 16 inches f a i l e d  t o  s e t  which r ep re sen t s  some l o s s  of r e s i n  due 

t a  unsa tura t ion .  
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An i n j e c t i o n  experiment was conducted i n  the  labora tory  with t h e  

s tandard  ~erakane-118 formulation and normal s o i l  contained i n  a 1 5  

ga l lon  can. The r e s i n  was i n j e c t e d  i n t o  t h e  s o i l  through a  3/8 inch 

s t e e l  tube  which was per fora ted  at one end. The per fora ted  end was 

i n s e r t e d  1 5  inches below t h e  su r f ace  of the  s o i l  and n ine ty  pounds o f  

l.ead b r i c k s  were placed on the  s o i l  su r f ace  t o  prevent expansion of 

t h e  s o i l .  Resin was pumped i n t o  t h e  s o i l  at a flow r a t e  of 500 ml/min 

u n t i l  3400 m l  were i n j e c t e d .  The r e s i n- s o i l  mass w a s  allowed t o  s e t  f o r  

2 days. A hard r e s i n- s o i l  mixture was obtained ( s e e  Figure 6 )  which 

weighed 7.81 Kg and had an average dens i ty  of 1.87 g/cc.  Less than  

h a l f  o f  t h e  r e s i n  w a s  recovered i n  t h e  hard r e s i n- s o i l  mass. The 

remainder w a s  l o s t  l a r g e l y  a s  a r e s u l t  of unsa tura t ion .  

A f i e l d  t e s t  w a s  c a r r i e d  out  about one-half mile  south of t h e  234-5 

bui ld ing  us ing  Derakane 118 conta in ing  3 t imes t h e  s tandard  i n i t i a t o r  

and promoter concent ra t ion .  A s t e e l  pipe with a w e l l  po in t  was prepared 

and pe r fo ra t ed  a t  t h e  5-foot l e v e l .  The pipe w a s  hammered i n t o  t h e  s o i l  

and connected t o  a  p o s i t i v e  displacement pump as shown i n  Figure 7.  

On t h e  f i r s t  a t tempted i n j e c t i o n  t h e  r e s i n  sur faced  around t h e  pipe a f t e r  

about one ga l lon  of r e s i n  w a s  pumped i n t o  t h e  s o i l .  Af t e r  f l u sh ing  t h e  

pipe with uncatalyzed r e s i n ,  it w a s  dr iven down t o  t h e  7- foot l e v e l  f o r  

a second at tempt .  Resin was poured around t h e  pipe a t  t h e  sur face  i n  

order  t o  form a s e a l .  This r e s i n  l a y e r  w a s  allowed t o  harden and then  

11.5 ga l lons  of r e s i n  was i n j e c t e d  through t h e  pipe a t  a  flow r a t e  of 

0.13 gallmin. 

Four days a f t e r  i n j e c t i o n ,  t h e  r e s i n- s o i l  mixture w a s  excavated and 

w a s  found t o  be s o l i d i f i e d  i n t o  a  hard mass. The r e s i n  d id  not spread 
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Figure  7 Photograph of Resin I n j e c t i o n  Equipment a t  F i e l d  Test  S i t e  



evenly from t h e  in jec t ion  point  a s  shown i n  the  photograph i n  Figure 8 

p r i o r  t o  excavation. The r e s i n  appeared t o  follow an o ld  root  system. 

Figure 9 shows t h e  excavated res in- so i l  mass a f t e r  it was cu t  up i n  

sect ions.  The t o t a l  volume of the  res in- so i l  m a s s  was 3.2 cu f t  and 

t h e  weight was 395 lbs .  It i s  estimated t h a t  70% of t h e  r e s i n  i n j e c t e d  

was recovered i n  t h e  mass. The average compressive s t rength  w a s  5300 p s i .  

Resin-salt waste mixtures 

Pure S a l t s  

This phase of t h e  inves t igat ion w a s  i n i t i a t e d  with an examination 

of t h e  c h a r a c t e r i s t i c s  of resin-NaC1 mixtures.. Standard r e s i n  compo- 

s i t i o n s  a s  l i s t e d  i n  Table 1 were employed. ~ i x t u r e s  containing 100 g 

of N a C l  and 50 g of Derakane-118, P o l y l i t e  31-007, P o l y l i t e  33-052, 

o r  Epon 815 were prepared, aged f o r  24 hours and subjected t o  s t a t i c  leach 

t e s t s .  A l l  of t h e  r e s i n s  t e s t e d  mixed wel l  with NaCl and l i t t l e  o r  no 

e f f e c t  on t h e  s e t t i n g  c h a r a c t e r i s t i c s  of t h e  r e s i n s  was observed. 

Addition of 10  g of water t o  90 g of N a C l  before mixing with t h e  res in  

produced a product which would not harden i n  the  case of ~erakane-118 and 

Epon 815. P o l y l i t e  31-007 did  harden and form a s a t i s f a c t o r y  product. 

Samples of severa l  of t h e  res in- sa l t  mixtures were polished with 

diamond dust t o  produce a glossy surface su i t ab le  f o r  microscopic 

examination. Photomicrographs (100X magnification) of the  surfaces  of 

two of these  samples a r e  presented i n  Figures 10 and 11. The d i s t r i b u t i o n  

of t h e  s a l t  c r y s t a l s  i n  the  r e s i n  i s  c l e a r l y  shown i n  these  f igures .  It 

is  believed t h a t ,  following the  high i n i t i a l  r a t e  of d i s so lu t ion  of t h e  

surface c r y s t a l s ,  leaching proceeds slowly through points  of contact  



Figure 8 Photograph of Resin-Soil Mass at Field Test Site 
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FIGURE 10 

Photomicrograph of Derakane 118 - 
NaCl Mixture at lOOX Magnification 

Figure 11 

h, 
Photomicrograph of Polylite 33-052 - ~i 

0 
NaCl Mixture at lOOX Magnification 



between c r y s t a l s  . 
The procedure employed i n  the  leach t e s t s  was i d e n t i c a l  t o  t h a t  

described f o r  the  r e s i n- s o i l  mixtures except t h a t  d i s t i l l e d  water r a t h e r  

+ 
than t a p  water was used in  t h i s  case and Na ion concentrat ion was 

regarded as  an index of leaching from the  mixture. An approximate 

2 
i n i t i a l  leach r a t e  of pure NaC1 was determined t o  be 7.5 g ~ a / c m  /day. 

Figures 12 and 1 3  contain the  r e s u l t s  of the  leach t e s t s  f o r  t h e  various 

r e s in- sa l t  mixtures. A l l  of the  r e s i n s  were e f f e c t i v e  i n  producing 

s ign i f i can t  reductions i n  leaching. P o l y l i t e  33-052 produced t h e  mixture 

with t h e  lowest leach r a t e .  

A comparison of the  leaching c h a r a c t e r i s t i c s  of wet and dry NaC1- 

P o l y l i t e  31-007.mixtures i s  poss ib le  upon inspection of Figure 13. It 

i s  evident t h a t  although t h e  wet s a l t- r e s i n  mixture did harden i n  t h i s  

case,  t h e  product leaches a t  a much higher r a t e  t h a t  the  dry s a l t- r e s i n  

mixture. 

Mixtures of r e s i n s  ( ~ e r a k a n e  118, P o l y l i t e  31-007, and Epon 815) and 

NaA102, N a  CO NaN02, NaNO and N a O H  were a l s o  prepared. Epon 815 hardened 
2 3' 3 

when mixed with any of the  salts  o the r  than NaOH and P o l y l i t e  31-007 with 

a l l  of t h e  salts except NaN02. Derakane 118 d id  not harden when mixed 

with NaOH or  N a N O  and required approximately 7 days t o  harden i n  the  2 

presence of NaA102. 

Simulated S a l t  Waste 

A syn the t i c  s a l t  waste was prepared by evaporation t o  50% of i t s  

o r i g i n a l  volume of a so lu t ion  whose composition i s  given i n  Table 4. 

The end product of t h i s  operat ion which had a pasty consistency was then 
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Figure 12 N a  Leaching of Resins w i t h  NaCl S a l t  
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Figu re  13 N a  Leach Ra te  of Resin  w i t h  NaCl Salt 
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Compound 

Table 4 

Synthetic Salt Waste Solution 

Concentrat ion 

( M I  - ( d l  

A ~ ( N O  ) 0 9 ~ ~ 0  
3 3 

NaOH 

NaCl 



dr ied  a t  100 O C  f o r  12-24 hours. This produced a dry s a l t  cake which 

was then ground t o  a coarse powder with a mortar and p e s t l e .  Early i n  

t h i s  phase of t h e  inves t iga t ion  an attempt was made t o  omit the  drying 

step.  However, none of the  r e s i n s  t e s t e d  would harden when mixed with 

t h e  wet s a l t .  Moreover, a s u f f i c i e n t l y  dry product could not be produced 

by vacuum f i l t r a t i o n .  This observation leads  t o  the  conclusion t h a t  s a l t  

wastes would have t o  be nearly completely dewatered p r i o r  t o  mixing with 

any of t h e  r e s i n s  t e s t e d .  

Derakane 118 would not harden when mixed with the  dry s a l t  waste 

and was the re fo re  r e j ec ted  f o r  fu r the r  study. Leaching experiments 

were conducted with P o l y l i t e  31-007 and Epon 815 and the  r e s u l t s  a r e  

summarized i n  Figure 1 4  along with leach r a t e s  reported f o r  an asphalt-  

waste mixtures''). The l a t t e r  contains 40% asphal t  whereas t h e  resin-waste 

mixtures contain 33% r e s i n .  Only t h e  i n i t i a l  por t ion  of the  asphalt-waste 

leach curve i s  shown i n  Figure 1 4 .  The da ta  reported'') shows an increase  

i n  t h e  leach r a t e  of asphalt-waste mixtures a f t e r  80 days a f t e r  which it 

- 4 2 s t a b i l i z e s  a t  about 2 x 10 g/cm /day a t  100 days. Three leaching curves 

a r e  presented f o r  Epon 815 and represent  cas t ings  made from the  products 

of t h r e e  separa te  preparat ions of the  s a l t  waste from the  standard composition 

solu t ion  described in  Table 4. The i n i t i a l  leach r a t e  f o r  the  syn the t i c  

C: Na 
s a l t  waste i t s e l f  was determined t o  be Q., 19 

2 
cm -day 

Incorporation of s a l t  waste i n  a r e s i n  matrix w i l l  render the  waste 

l e s s  leachable f o r  two reasons: (1) the  s a l t  c r y s t a l s  w i l l  be encapsulated 

i n  insoluble  ma te r i a l ,  and ( 2 )  t he  r e s in- sa l t  mass is  e s s e n t i a l l y  impermeable 

t o  t h e  passage of water.  Radioactive cesium i s  r e a d i l y  leached from calc ined 



Figure 1 4  Sodium Leach Rates of Resin-Salt-Was t e  Mixtures 



alumina and z i rcon ia  wastes by t h e  passage of water through t h e  

granules ( 2 9 3 ) .  The amount of cesium leached over a period of t h i r t y  

days from alumina waste and z i rconia  waste i s  93% and 53%,  respect ive ly .  

The estimated sodium leached from the  Epon 815 - 1st s a l t  waste mixture 

(Figure 1 4 )  over a 30 day period was 13%. Although t h e  da ta  a r e  not 

s t r i c t l y  comparable, it i s  nevertheless evident t h a t  a considerable re-  

duction i n  leach r a t e s  can be accomplished by incorporat ing t h e  s a l t  

granules i n  a r e s i n  matrix. 

Mechanical P roper t i e s  

Samples of r e s in- sa l t  mixtures were prepared f o r  mechanical t e s t i n g  

a s  previously described f o r  r e s in- so i l  mixtures. Table 5 summarizes t h e  

r e s u l t s  of the  mechanical t e s t s .  

P o l y l i t e  31-007 proved t o  be super ior  t o  the  o the r  r e s i n s  t e s t e d  

with t h e  syn the t i c  s a l t  wastes. The one major problem associa ted  with 

t h i s  resin w a s  t h e  very rap id  s e t t i n g  time of % 15 minutes. Attempts 

t o  prolong the  period of time p r i o r  t o  s e t t i n g  by adding styrene t o  t h e  

r e s i n  before mixing with the  s a l t  waste r e s u l t e d  i n  a product which would 

not harden. Unless some e f f e c t i v e  method o f  delaying t h e  s e t t i n g  of t h i s  

r e s i n  i s  developed, P o l y l i t e  31-007 could not be used in  a p r a c t i c a l  f i e l d  

s i t u a t i o n .  



Table 5. 

Mechanical P rope r t i e s  of Resin-Salt Waste Mixtures 

P o l y l i t e  31-007 Epon 815 

Tens i le  S t r eng th  ( p s i  ) 

Compressive S t rength  ( p s i  ) 

Shear S t rength  ( p s i )  



Both Epon 815 and P o l y l i t e  31-007 were e f f e c t i v e  i n  reducing leaching 

from t h e  synthet ic  s a l t  waste. However, unless some p r a c t i c a l  means of 

drying a c t u a l  s a l t  waste i s  developed o r  a r e s i n  capable of hardening 

with t h e  wet s a l t  is  found, the  f e a s i b i l i t y  of appl ica t ion  of r e s i n s  

t o  contain s a l t  wastes i s  doubtful.  

Samples of r e s in- sa l t  waste mixtures were t e s t e d  f o r  f l amabi l i ty  

by i g n i t i o n  with an oxygen-propane torch .  The samples would burn under 

t h e  to rch  but  would not sus ta in  combustion by themselves whereas t h e  

r e s i n  o r  a mixture of r e s i n  and sodium n i t r a t e  would support combustion. 

Samples of r e s i n- s o i l  mixtures would not support combustion. 

Ion Exchange Resins 

It w a s  pos tu la ted  t h a t  it might be poss ib le  t o  formulate r e s i n s  with 

ion exchange p roper t i e s  i n  order t o  contain the  r a d i o a c t i v i t y  i n  s o i l  

mixtures by means of ion exchange as  wel l  a s  physical  entrapment. The 

c r i t e r i a  f o r  prepara t ion  of the  ion  exchange r e s i n  (polymerization a t  

ambient temperatures with ion exchange s i t e s  i n   lace) r u l e s  out  a number 

of common ion exchange r e s i n s .  For example, it i s  necessary t o  introduce 

t h e  a c t i v e  s i t e s  (SO H )  on styrene-divinylbenzene polymer a f t e r  t h e  poly- 3 

merization process. This may be accomplished by sul fonat ing  o r  by hydro- 

lyzing amide groups placed on t h e  r e s i n  s t r u c t u r e  during the  polymerization 

process. In  e i t h e r  case it i s  not p r a c t i c a l  t o  do t h i s  with l a r g e  masses 

of r e s i n  s ince  penet ra t ion  of reagents  would be extremely slow. Phenolic 

condensation r e s i n s  a r e  prepared a t  e levated  temperatures. Weak base 

(COOH) a c r y l i c  r e s i n s  appeared t o  have the  bes t  chance f o r  i n  s i t u  polymeri- -- 
zation.  A formulation f o r  an a c r y l i c  ion exchange r e s i n  was obtained 

from t h e  Rohm and Haas Company. 



D i f f i c u l t y  w a s  encountered i n  developing a procedure f o r  t h e  formula- 

t i o n  of an a c r y l i c  r e s i n  which would harden. The procedure f i n a l l y  adopted 

f o r  product ion of t h e  a c r y l i c  i s  a s  fol lows:  

1. Mix toge the r  40% e t h y l  a c r y l a t e ,  20% X980  ohm and Haas monomer 

s o l u t i o n )  and 15% HEILIA (hydroxyethyl methyl a c r y l a t e )  . 
2. Dissolve 112% benzoyl peroxide p a s t e  i n  t h e  mixture.  

3.  I n j e c t  114% dimethyl ana l ine  and mix u n t i l  t h e  s o l u t i o n  has 

shown a 4 O C  r i s e  i n  temperature (24'-28 O C  i n  t h e  l a b o r a t o r y ) .  

4. Mix i n  25% a c r y l i c  ac id .  

I f  t h e  a c r y l i c  a c i d  is  added t o o  e a r l y  it apparent ly  r e a c t s  wi th  t h e  dimethyl 

ana l ine  and t h e  mixture w i l l  not  s e t .  

The a c r y l i c  polymer was observed t o  s e t  up and harden with s o i l  i n  25 

minutes t o  2 hours depending upon t h e  temperature.  A r e s i n  t o  s o i l  r a t i o  

of 50 g/50 g w a s  employed. Acry l ic  mixed with s o i l  from t h e  f i e l d  t e s t  

s i t e  was observed t o  harden i n  t h e  s o i l  within 50 minutes i f  placed i n  

t h e  sun l igh t  at 32 O C .  However, t h e  excess  l i q u i d  on t o p  of t h e  s o i l -  

r e s i n  mixture r equ i r ed  more than  a day t o  harden. On t h e  o t h e r  hand, 

cesium based dry s o i l- r e s i n  mixtures  s e t  i n  25 minutes a t  24 O C  and i n  

t h i s  case t h e  excess  t o p  r e s i n  l a y e r  hardened i n  t h e  sane time per iod .  

Samples i n  s m a l l  t e s t  tubes  r equ i r ed  longer  s e t  t imes  unless  hea ted  (4-  

6 hours a t  24 O C ,  25-50 minutes a t  32 O C )  . 
Fine ly  ground a c r y l i c  r e s i n  was suspended i n  water  and t i t r a t e d  wi th  

0 .1  N NaOH i n  o rde r  t o  obta in  an es t imate  of i t s  ion exchange capac i ty .  

+ 
The exchange capac i ty  t hus  determined was 5 meq Na /p r e s i n .  

S t a t i c  leach  t e s t s  f o r  s o i l- a c r y l i c  mixtures  were conducted over  

a twenty-day per iod .  Procedures used i n  t h e s e  leach  t e s t s  were i d e n t i c a l  



with those  ou t l ined  f o r  t h e  thermosetting r e s i n s .  Leaching da ta  a r e  

presented i n  Figure 15. Although t h e  a c r y l i c  s o i l  mixtures leach a t  

a  considerably lower r a t e  than the  s o i l  alone,  leach r a t e s  of these  

mixtures a r e  cons i s t en t ly  higher than observed f o r  comparable mixtures 

of thermosett ing res ins .  No advantage i n  the  use of the  a c r y l i c  r e s i n  

was determined. It may be possible t o  devise a  super ior  a c r y l i c  formu- 

l a t i o n  than t h a t  employed in  the  current  s tudies .  The a c r y l i c  formulation 

used i n  t h i s  inves t iga t ion  was highly unsat i s fac tory  s ince  it was 

impossible t o  cons i s t en t ly  reproduce the  s e t t i n g  c h a r a c t e r i s t i c s  of 

t h e  r e s i n .  From a  p r a c t i c a l  s tandpoint ,  it i s  unl ike ly  t h a t  t h e  procedure 

out l ined above could be feas ib ly  followed i n  a  f i e l d  o r  process s i t u a t i o n .  

However, t h i s  procedure was necessary t o  produce an a c r y l i c  which would 

harden. Based on the  above observations,  the  a c r y l i c  r e s i n  shows l i t t l e  

promise. 
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