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LABORATORY MEASUREMENT OF RADIONUCLIDE SORPTION IN 
SOLID WASTE STORAGE AREA 6 SOIL/GBOUNDWATER SYSTEMS 

H. A. Friedman 
A. D. Kelmers 

ABSTRACT 

Batch contact sorption tests were completed to measure the 
sorption of several radionuclides in Oak Ridge National 
Laboratory's Solid Waste Storage Area 6 (SWSA-6) saturated zone 
soil/groundwater system at a pH of near neutral. In the linear 
region of the sorption isotherms, sorption ratios €or cesium, 
cobalt, and europium were typically near the analytical detec- 
tion limit of 23000 L/kg. 
were lower, ranging from 50 to 75 L/kg. The SWSA-6 soil had a 
high sorption capacity for these elements; and competition for 
sorption sites, as evidenced by decreased sorption ratios, was 
not observed in tests with cesium, cobalt, and europium. Minor 
competition effects were noted for strontium and uranium. 
Several SWSA-6 unsaturated zone soils were tested; the sorption 
was markedly reduced in the case of cesium and cobalt. Scouting 
tests were performed to explore the effects of pH on europium 
and uranium and the effects of added organic reagents on europium 
sorption. Provisional sorption ratio values are recommended for 
use in modeling the mobility of these radionuclides in the 
SWSA-6 saturated zone. 

Strontium and uranium sorption ratios 

1 .  INTRODUCTION 

The modeling of the migration of contaminants through low-level 

waste (LLW) sites conventionally involves the use of retardation factors 

to characterize the reduced mobility of the contaminants, relative to 

the groundwater flow rate, which results from sorption of the contami- 

nants onto the soil (Lurton et al. 1982) .  The retardation factor, 

5 (dimensionless), is derived from the expression 

where 5 = the experimentally measured sorption distribution 

coefficient (L/kg) , 



3 

SWSA-6 t rench  ( loca ted  a t  N 17,500, E 24 ,650) .  This  sample may be repre-  

s e n t a t i v e  of t he  SWSA-6 s a t u r a t e d  zone s o i l s ;  a t  least, i t  w a s  taken from 

below t h e  leached,  unsa tura ted  s o i l  region. Af te r  the  sample  w a s  received 

i n  t h e  l abora to ry  on February 10, 1986, the  s o i l  w a s  air  dr i ed  and then 

screened without crushing t o  ob ta in  f i n e  material f o r  t h e  so rp t ion  tests. 

Approximately 2 kg of the as-received material passed a 20-mesh screen.  

This  -2O-mesh s o i l  f r a c t i o n  w a s  homogenized in a V-blender and used in 

t h e  s o r p t i o n  experiments.  This  s o i l  i s  i d e n t i f i e d  as "SWSA-6 s o i l , "  o r  

simply " s o i l , "  i n  t h i s  repor t .  Some of the  +20-mesh material w a s  used t o  

s t a b i l i z e  the groundwater, as descr ibed later. 

A few experiments were c a r r i e d  out  with small samples of t h ree  w e l l -  

Charac te r ized  SWSA-6 s o i l s  received from s. Y. Lee (ORNL Environmental 

Sciences Div is ion) .  These samples are i d e n t i f i e d  i n  t h i s  r epor t  as 

"c lays tone ,"  "sandstone," and "sandstone plus." The information received 

wi th  t h e  samples  cha rac t e r i zed  them as fol lows:  c lays tone ,  (2 m; sand- 

s t o n e  wi th  manganese coa t ings ,  2-5 m; and sandstone wi th  s h a l e  p a r t i n g s  

and c l ay  f i lms .  These s o i l s  are f u r t h e r  descr ibed i n  Lie tzke  and Lee 

(1986) .  

The groundwater used in t h e  experiments was from an -4.5-gal sample  

of water from w e l l  PS-8, which w a s  received i n  t h e  l abora to ry  on 

February 10, 1986, i n  a 5-gal p l a s t i c  b o t t l e .  As received,  t he  ground- 

water pH w a s  -8 .1 .  To s t a b i l i z e  the  groundwater, about 1 t o  2 kg of t he  

+20-mesh s o i l  material w a s  added t o  the  5-gal b o t t l e ,  and t h e  s o i l  and 

groundwater were occas iona l ly  mixed by shaking the  b o t t l e .  The pH of 

samples of groundwater not s t a b i l i z e d  by s o i l  tended t o  d r i f t  upward wi th  

t i m e .  The presence of t he  s o i l  components s t a b i l i z e d  t h e  groundwater pH 

a t  -7.0 t o  7.2 i n  tests conducted f o r  var ious  times a t  t h r e e  w a t e r / s o i l  

r a t i o s  (Table 2 . 1 ) .  Presumably, calci te  i n  the  s o i l  w a s  r ep len i sh ing  

d i s so lved  C 0 2  l o s t  t o  t h e  atmosphere. Groundwater samples  f o r  use i n  the  

experiments were withdrawn from the  top of the  s o l u t i o n  i n  the  5-gal 

b o t t l e  a f t e r  a l lowing the  soil t o  se t t le  overnight  o r  longer.  
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w a s  c a l c u l a t e d  from the  r e spec t ive  element concent ra t ions .  The concen- 

t r a t i o n  of t h e  element on t h e  s o l i d s  w a s  ca l cu la t ed  from the  d i f f e r e n c e  

i n  t h e  i n i t i a l  and a f t e r - con tac t  concent ra t ion  of t he  groundwater. All 

experiments were run i n  t r i p l i c a t e ,  and the  concent ra t ion  va lues  and 

s o r p t i o n  r a t i o s  given i n  t h e  t a b l e s  i n  Chap. 3 of t h i s  r epor t  are t h e  

mean 2 1  s tandard  dev ia t ion  of t h e  r e p l i c a t e  values .  The amount of 

r a d i o a c t i v e  tracer used i n  t h e  tests l imi t ed  the  measurement of s o r p t i o n  

r a t i o s  t o  values  of -3000 L/kg o r  less. 

recorded i n  some t a b l e s  i n  Chap. 3; however, the p rec i s ion  i s  poor s i n c e ,  

a t  t h i s  high an Rs value ,  t h e  count rate of the  s o l u t i o n  w a s  approaching 

t h e  background count rate. 

A few higher  Rs values  are 

I n  two series of tests with europium and uranium, t h e  pH of the  

so i l /g roundwater  system w a s  d e l i b e r a t e l y  ad jus ted  t o  more a c i d i c  va lues  

t o  s tudy  the  e f f e c t  of pH on sorp t ion .  For  t h e s e  tests, a mixture of 

-125 g of s o i l  and -650 mL of groundwater w a s  ad jus ted  wi th  HC1 t o  t h e  

d e s i r e d  pH. The pH w a s  p e r i o d i c a l l y  readjus ted  t o  the  des i r ed  value by 

t h e  a d d i t i o n  of more HC1 u n t i l  t h e  pH w a s  s t a b l e .  The pH-adjusted s o i l  

and groundwater were then separa ted  by decanta t ion  and f i l t r a t i o n  and 

used i n  s o r p t i o n  tests, as descr ibed  above. 

I n  one series of tests, o rgan ic  compounds were added t o  the  ground- 

water t o  exp lo re  t h e  e f f e c t  of p o t e n t i a l  complexing reagents  on t he  

s o r p t i o n  of europium. The reagents  used were naphthalene ( t y p i c a l  of 

s c i n t i l l a t i o n  f l u i d s ) ,  EDTA (disodium ethylenediaminetetraacetate, 

t y p i c a l  of complexing r eagen t s ) ,  TBP ( t r i b u t y l  phosphate, used i n  many 

so lven t  e x t r a c t i o n  s t e p s ) ,  and to luene  and chloroform ( t y p i c a l  waste s i t e  

o rgan ic  contaminants) .  

3.  RESULTS 

3.1 RADIONUCLIDE SORPTION ISOTHERMS 

Sorp t ion  isotherms were run t o  measure the  element so rp t ion  r a t i o s  

as a func t ion  of concent ra t ion .  I n  a d d i t i o n ,  parallel  Isotherms were 

run i n  t h e  presence of a l l  t h e  elements a t  the  h ighes t  concen t r a t ion  

t e s t e d  t o  i n v e s t i g a t e  compet i t ion  f o r  so rp t ion  si tes.  P r i o r  t o  running 
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Table 3.1. Cesium isotherms 

I n i t i a l  After  24-h contac t  

groundwater S o i l  Groundwater RS 
C s  (mol/L) pH C s  (mol/kg) C s  (mol/L) (L/kg) 

Cesium onlya 

10-3 7.3 (4.99 2 0.00)E-03 (2 .0 0.9)E-06 3347 t 2054 
1 0 4  7.3 -5 E-05 A t  de t ec t ion  l i m i t b  >3000 
10-7 7.3 -5 E-07 A t  de t ec t ion  l i m i t  ,3000 
10-9 7.4 -5 E-09 At: de tec t ion  l i m i t  ,3000 
10-10 7.4 -5 E-10 A t  de t ec t ion  l i m i t  a3000 

Cesium + o t h e r s C  

10-3 7.3 (4.99 f 0.00)E-03 (2.1 * 0.4)E-06 2500 2 465 
10-5 7.4 -5 E-05 A t  de t ec t ion  l i m i t b  ,3000 
10-7 7.4 -5 E d 7  A t  d e t e c t i o n  l i m i t  >3000 
10-9 7.4 -5 E 4 9  A t  d e t e c t i o n  l i m i t  >3000 
10-10 7.4 -5 E-10 At d e t e c t i o n  l i m i t  >3000 

aThe i n i t i a l  groundwater contained only cesium a t  the  concent ra t ions  

bThe count rate of 137Cs  i n  s o l u t i o n  after contac t  w a s  near t he  

ind ica t ed .  

background count rate; t h i s  gave a ca l cu la t ed  R, value of >3000 LJkg. 
The a c t u a l  Rs values may have been higher .  

cThe i n i t i a l  groundwater contained cesium a t  t h e  concent ra t ions  
i n d i c a t e d  p lus  1 x mol/L each of coba l t ,  s t ron t ium,  and uranium 
and 1 x mol/L of europium. 

Table  3.2. Cobalt  so rp t ion  rate 

Contact  After contacta  

t i m e  S o i l  Groundwater RS 
( h )  PB Co (mol/kg) Co (mol/L) (L/kg) 

24 7 (4 .95  0.00)E-03 (0.96 2 0.15)E-05 527 t 77 

48  7.1 (4.96 i: 0.00)E-03 (0.69 i: 0.09)E-05 738 t 108 

7 2  7 .O ( 4 . 9 6  2 0.00)E-03 (0 .76 * 0.0S)E-OS 659 It 4 3  

a I n i t i a l  concent ra t ion :  . mol/L cobal t .  
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Table 3.4. Europium isotherms 

Ini t ia l  After 24-h contac t  

groundwater S o i l  Groundwater RS 
Eu (mol/L) PH Eu (mol/kg) Eu (mol/L) (L/kg) 

Europium onlya 

io+  7.4 
10-7 7.3 
10-9 7.4 
10-10 7.4 

Europium + o the r sC  

1 0 - ~  7.3 
1 o - ~  7.3 

10'10 7.3 
7.3 

+E-05 
(4.99 2 0.00)E-07 
(4.99 5 0.00)E-09 
(4.99 0.00)E-10 

(4.99 f 0.OO)E-05 
(4.99 0.00)E-07 
(4.99 ?I 0.OO)E-09 
(4.99 5 0.00)E-10 

A t  de t ec t ion  l i m i t b  ,3000 
(1.7 0.2)E-10 2919 t 340 
(1.8 0.5)E-lZ 3200 f 1274 
(1.8 f 0.7)E-13 3239 z! 1102 

(1.0 0.3)E-08 5630 f 1995 
(1.4 5 0.2)E-lO 3602 683 
(1.3 2 0.8)E-12 4923 2 2113 
(1.1 0.4)E-13 5886 f. 2964 

- 

aThe i n i t i a l  groundwater contained only europium a t  the  concentra- 
t i o n s  ind ica t ed .  

bThe count rate of 155Eu i n  s o l u t i o n  a f t e r  contac t  was near the 
background count rate;  t h i s  gave a ca l cu la t ed  R, value  o f  ,3000 L/kg. 
The a c t u a l  R, value  may have been higher .  

i n d i c a t e d  p l u s  1 x mol/L each of cesium, coba l t ,  s t ron t ium,  and 
uranium. 

CThe i n i t i a l  groundwater contained europium at  t h e  concent ra t ions  

3.1.4 Stront ium 

I n i t i a l  tests (Table 3.5) showed t h a t  t he  strontium-spiked samples 

had appren t ly  reached a s t eady- s t a t e  condi t ion  i n  24 h o r  less. There- 

f o r e ,  t h e  s o r p t i o n  isotherms (Table 3 . 6 )  w e r e  run wi th  a 24-h con tac t  

t i m e .  With groundwater conta in ing  only s t ront ium, t h e  s o r p t i o n  r a t i o  w a s  

cons tan t  (about 78 L/kg) f o r  samples covering a f i v e  order -ofmagni tude  

range of i n i t i a l  Sr2+ concent ra t ions  t o  10-l'  mol/^). The s o r p t i o n  

r a t io  fell t o  47 L/kg at t h e  h ighes t  s t ront ium concent ra t ion .  When the  

o t h e r  elements were added t o  t h e  groundwater, the  so rp t ion  r a t i o  values  

w e r e  a l l  depressed t o  values  between 30 and 40 L/kg. ThPs behavior 

sugges ts  t h a t  one o r  more of t h e  added elements w a s  competing wi th  Sr2+ 

f o r  s o r p t i o n  sites, 
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3.1.5 Uranium 

The so rp t ion  behavior of uranium w a s  markedly d i f f e r e n t  from t h a t  of 

t h e  o t h e r  elements,  The prel iminary tests with groundwater spiked wi th  

mol/L uranium (Table 3.7) showed only low so rp t ion  r a t i o  values  of 

-2 L/kg and suggested t h a t  s teady-s ta te  condi t ions  might not have been 

reached by the  longes t  contac t  t i m e  s tud ied  (168 h), al though the  addi-  

t i o n a l  decrease  i n  t h e  s o l u t i o n  uranium concent ra t ion  wi th  t i m e  w a s  

small. Because of t i m e  c o n s t r a i n t s  f o r  completion of t h i s  work, longer 

con tac t  t i m e s  were not explored. The so rp t ion  isotherms (Table 3.8) 

showed a s t r o n g  dependence of the  so rp t ion  r a t i o  on t h e  uranium concen- 

t r a t i o n .  A t  lower uranium concen t r a t ions ,  the  s o r p t i o n  r a t i o  increased  

t o  -50 t o  -60 L/kg f o r  t h e  uranium-only tests and t o  -40 t o  -50 L/kg 

when t h e  a d d i t i o n a l  elements were present .  The r e s u l t s  suggest  t h a t  t h e  

uranium s o r p t i o n  s i t e s  may have been nea r ly  s a t u r a t e d  at t h e  h ighes t  

uranium concent ra t ions .  The r e s u l t s  a l so  suggest t h a t  one o r  more of t he  

a d d i t i o n a l  elements may be competing wi th  uranium f o r  s o r p t i o n  sites. 

Table  3.7, Uranium so rp t ion  rate 

Contact After contac ta  

t i m e  S o i l  Groundwater RS 
(h)  PH U (mol/kg) U (mol/L) (L/kg) 

24 7.5 (1.36 2 0.06)E-03 (7.28 2 0.12)E-04 1.87 2 0.11 

48 7.4 (1.39 f. 0.04)E-03 (7.23 +- 0.07)E-04 1.92 * 0.07 
72 7.4 (1.48 2 0.01)E-03 (7.03 0.02)E-04 2.11 2 0.02 

96 7.4 (1.46 0.05)E-03 (7.09 t 0.ll)E-04 2.05 2 0.10 

168 7.3 (1.54 * 0.04)E-03 (6.93 0.07)E-04 2.22 0-08 

a I n i t i a 1  concent ra t ion :  mol/L uranium. 



Table 3.9. Sorption behavior of four  SWSA-6 s o i l s a  

CS(I) 7.3  3347 * 2054 5 .5  5035 2 2356 5.9 1446 * 456 5.1 151 11 

Co(I1) 7 .3  659 2 43 6.0 229 5 24 6 .3  234 fi 28 5.8 199 f 10 

Eu(II1) 7 .3  ,3000 5.8 23000 6.2  ,3000 5 . 5  ,3000 

Sr(I1) 7 .4  47.3 * 1 . 1  5.7 133 5 6.1 39.2 2 1 .6  5.0 49.5 5 2 .7  

U W )  7 . 3  2.22 * 0.08  6.7 6.76 +- 0.30 6.9 4.35 2 0.31  6 .7  20.1 5 0 .7  

c 
w 

~~ ~ ~~~~- ~ - ~ ~~ ~ 

aGroundwater (pB 7 .3 )  was spiked t o  mol/L of cesium, c o b a l t ,  s t ron t ium,  o r  uranium 
o r  10" mol/L of europium and contacted with 2 g of t he  r e spec t ive  s o i l  f o r  168 h a t  room 
temperature ( - 2 4 O C ) .  The pH w a s  measured a f t e r  contact.  

bSoi l  sample from bottom of t rench  ( s o i l  used i n  a l l  o t h e r  t e s t s ) .  

CClaystone, <2 mm; from S .  Y. Lee. 

dSandetone with manganese coa t ings ,  2-5 m; from S .  Y. Lee. 

eSandstone with s h a l e  pa r t ings  and clay f i lms ;  from S. Y. Lee. 
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3.3.1 Europium 

The europium s o r p t i o n  r a t i o  proved t o  be s e n s i t i v e  t o  t h e  tes t  pH 

(Table  3.10). The s o r p t i o n  r a t i o  Inc reased  from -100 L/kg a t  pH -4.3 t o  

-3000 L/kg a t  pH -6.7 o r  h ighe r .  Lower Rs values  were observed at t h e  

h i g h e s t  europium c o n c e n t r a t i o n  used,  mol/L, presumably because of 

l oad ing  e f f e c t s  on t h e  so rben t .  

Table  3.10. Europium s o r p t i o n  i so therms as a f u n c t i o n  of pH 

I n i t i a l  A f t e r  168-h c o n t a c t a  
groundwater S o i l  Groundwater RS 
Eu (mol/L) pH Eu (mol/kg) Eu (mol/L) (L/kg) 

JIH -4.3 

10-3 
10-5 
1 o - ~  
10-9 
1o"O 

pH -5.6 

10-3 
10-5 
10-7 
10-9 
10'10 

pH -6 .7  

10-3 
10-5 
10-7 
10-9 
1o"O 

4.2 
4.3 
4.3 
4.4 
4.4 

5.3 
5.6 
5.7 
5.6 
5.7 

6.4 
6.7 
6.7 
6 . 8  
6 . 8  

(4.61 2 0.01)E-03 
(4.74 0.OO)E-OS 
(4.76 2 0.01)E-07 
(4.75 f 0.01)E-09 
(4.76 0.00)E-10 

(4.80 It 0.01)E-03 
(4.95 k 0.01)E-05 
(4.95 5 0.01)E-07 
(4.95 0.01)E-09 
(4.96 2 0.01)E-10 

(4.96 2 0.00)E-03 
(4.99 I?: 0.OO)E-05 
(4.99 4 0.00)E-07 
(4.99 S 0.00)E-09 
(4.99 k 0.00)E-10 

pH -7.4 (from Table  3.4) 

10-7 7.3 (4.99 * 0.00)E-07 
10-9 7.4 (4.99 * 0.00)E-09 
lo-' 0 7.4 (4.99 2 0.00)E-10 

(7.85 f 0.13)E-05 
(5.16 2 0.06)E-07 
(4.84 * 0.19)E-09 
(4.98 2 0.13)E-11 
(4.84 f: 0.19)E-12 

(4.10 * 0.15)E-05 
(1.10 t 0.28)E-07 
(1.06 * 0.07)E-09 
(1.09 t 0.14)E-11 
(8.90 t 1.91)E-13 

(7 .7  k 0.4)E-06 
(1.1 t 0.7)E-08 
(1.7 f 1.l)E-10 
(1.7 t 0.4)E-12 
(1.5 * 0.3)E-13 

(1.7 f 0.2)E-10 
(1.8 2 0.5)E-12 
(1.8 fr 0.7)E-13 

58.8 5 1.1 
91.9 * 1.1 
98.4 * 4.0 
95.4 * 2.6 
98.5 f: 4.3 

117 t 5 
487 f 141 
467 -f: 32 
461 * 65 
580 t 109 

646 4 38 
6326 k 5004 
4115 1937 
3054 5 564 
3478 f 765 

2919 * 340 
3200 f: 1274 
3239 * 1102 
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3.4 EFFECT OF ORGANIC REAGENTS 

Sorp t ion  tests were run with  europium i n  the  presence of a number of 

o rgan ic  reagents  t y p i c a l  of those t h a t  might be encountered i n  SWSA-6. 

Locat ions i d e n t i f i e d  as so lvent  auger holes  e x i s t  on SWSA-6 maps, but 

apparent ly  no information is a v a i l a b l e  as t o  the  so lven t s  o r  method of 

d i s p o s a l  used (Solomon 1986). The organics  t e s t e d  ( a t  t e n  t i m e s  the  

europium concen t r a t ion )  were naphthalene,  EDTA, TBP, to luene ,  and chloro-  

form. The i r  e f f e c t  on europium was examined s i n c e  europium i s  the  l a r g e s t  

s i n g l e  r a d i o a c t i v e  contaminant discharged t o  SWSA-6 (Beogly et al. 1985) . 
The r e s u l t s  (Table 3.12) w e r e  su rp r i s ing .  None of t h e  organics  had any 

measurable e f f e c t  on t h e  europium s o r p t i o n  r a t i o  a t  t h i s  pH. This  provi-  

s i o n a l  f i n d i n g  i s  h ighly  favorable  t o  the  p red ic t ed  f u t u r e  a b i l i t y  of 

SWSA-6 t o  r e t a r d  t h e  release of europium s i n c e  the  r e s u l t s  suggest  t h a t  

a t  least these  organics  may not  complex with europium and decrease  t h e  

h igh  (>3000 L/kg) s o r p t i o n  r a t i o .  

Table  3.12 .  E f f e c t  of organic  reagents  on europium so rp t ion  

After contac ta  

Organic reagent  S o i l  Groundwater RS 
(mol/L) Eu (mol/kg) Eu (mol/L) (L/kg) 

Naphthalene -5E -0 7 A t  d e t e c t i o n  l i m i t b  >3000 

EDTA (5.00 2 0.00)E-07 (1.6 2 0.7)E-10 3626 * 1465 

TBP -53-07 A t  d e t e c t i o n  l i m i t b  >3000 

Toluene +E-07 A t  d e t e c t  i on  l i m i  tb >3000 

Chlorof o m  -5E -0 7 A t  d e t e c t i o n  l i m i t b  >3000 

aThe i n i t i a l  groundwater contained 10'' mol/L europium. 
r eagen t s  w e r e  then added t o  t h e  groundwater a t  a concen t r a t ion  of 
mol/L. The contac t  t i m e  w a s  168 h. The f i n a l  pHs were 7.4 t o  7.5, 

background count rate; t h i s  gave a ca l cu la t ed  R, value  of ,3000 L/kg. 
The a c t u a l  va lue  may have been higher .  

The organic  

bThe count rate of t he  lS5Eu i n  s o l u t i o n  a f t e r  contac t  w a s  near the  
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the R, value was reduced only by one-half or less. This is a 
surprising result and suggests that at least some of the ele- 
ments may have discrete or unique sorption sites on specific 
mineral phases. More evidence of competition for sorption 
sites had been anticipated. This finding suggests that the 
SWSA-6 sorption capacity f o r  these radionuclides may not be 
easily compromised by the presence of other solution species. 

4 . 2  SCOUTING TESTS 

After completion of the sorption isotherm tests under steady-state 

conditions and saturated zone-relevant geochemical parameters, a few 

additional tests were completed to explore the effects of several 

parameters on the sorption behavior of selected elements. Significant 

observations from these tests are as follows: 

1. Various s o i l s  - The geology of the WSA-6 site is complex and 
poorly characterized (Boegly et al. 1985>, and a variety of 
soil types exists at different locations and depths (Lietzke 
and Lee 1986). Sorption tests were run at a 10’3m01/L 
concentration with three different well-characterized soils 
for comparison with the large batch of soil used in the 
isotherm tests. Major differences were observed in the 
measured sorption ratio for the some of the elements onto the 
different soils. 
-5000 L/kg; cobalt, from -200 to -650 L/kg; strontium, from 
-40 to -130 L/kg; and uranium, from -2 to -20 L/kg. Europium 
sorption ratios were G3000 L/kg, near the analytical detection 
limit, for a l l  soils. Most of the well-characterized soils 
changed the pH of the poorly buffered groundwater to pHs 
between 5 and 6. Apparently, these soils are mineralogically 
different from the soil from the bottom of a trench since they 
altered the test pH as well as the sorption behavior. These 
scouting test results suggest that modeling the mobllity of 
radionuclides in the unsaturated zone could be complex because 
of the variability of soils and groundwater parameters which 
might exist. 

Cesium sorption ratios ranged from &150 to 

2. Effect of pH - The effect of the test pH was systematically 
studied only for europium and uranium, the major contaminants 
present in SWSA-6. The Rs value for both elements was sensi- 
tive to the pH. Europium sorption decreased from 23000 L/kg at 
near-neutral pH to -100 L/k g at pH - 4 . 3 .  
displayed a maximum R, value of -3000 L/kg at pH -5.5, and the 
R, value decreased at l o w e r  or higher PHIS. For these elements 
at least, defensible mobility modeling may require knowledge of 
the soil/groundwater system pH along the release pathway. 

Uranium sorption 
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Table 4.1. Provisionally recommended radionuclide sorption 
ratios for the SWSA-6 saturated zone (pH 7.0 t o  7.5) 

E 1 eme nt R, (L/kg) Comments 

cs 

co 

Eu 

Sr 

U 

3000 May be lower in leached (unsaturated) zone 
soils. 

3000 May be lower in leached (unsaturated) zone 
soils. 

3000 May be lower at lower pHs. 

30 Value accommodates site competition. 

40 Value accommodates site competition; may be 
higher in leached zone; may be higher at 
lower pHs. 
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