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'. 
SATURATED COLUMN LEACH STUDIES: HANFORD 21 6-Z-1A SEDIMENT , . \, 

The leachability of Pu and Am in a sediment obtained 'from a .  
',.retired underground liquid waste disposal facility was studied 
under saturated column and batch leaching conditions. Results ' 

from batch leaching studies confirm that Am concentrations are 
a function of the dissolution of an Am compound having pH \; 
dependent solubility. Batch studies also show Pu is not present ; 
as Pu02. The concentration of Am and Pu in the leachate can.be 'h 

enhanced when column leaching conditions favor increased 
concentrations of complexing agents at'the wetting front. 

INTRODUCTION 

Chemical process wastes c o n t a i n i n g  low c o n c e n t r a t i o n s  o f  
t r a n s u r a n i  c  r a d i  onuc l  i d e s  (TRU) were d ischarged  t o  t h e  unsa t -  
u r a t e d  s e d i m e n t s . a t  t h e  U.S.D.O.E. Hanford S i t e  f r om t h e  s t a r t -  
up o f  o p e r a t i o n s  i n  1944 t o  1973. S tud ies  a r e  be ing  conducted 
t o  determine t h e  d i s t r i b u t i o n  o f  TRU i n  t h e  sediments beneath 
t h e . r e t i r e d  f a c i l i t i e s  which r e c e i v e d  t he  waste and e v a l u a t e  
t h e  p o t e n t i a l  m o b i l i t y  o f  t he  TRU i n  o r d e r  t o  p r o v i d e  da ta  f o r  
e v a l u a t i n g  l ong - te rm  o p t i o n s  f o r  TRU waste management. Th i s  

. p a p e r . r e p o r t s  r e s u l t s  o f  exper iments t o  e v a l u a t e  env i ronmenta l  
, f a c t o r s  t h a t  c o u l d  change t he  p r e s e n t ' d i s ~ r i b u t i o n  beneath a  
r e t i r e d  underground 1  i q u i d  waste d i sposa l  f a c i  1  i ty  (21 6-Z-1A 
c r i b ) .  

The Z-1A c r i b  r e c e i v e d  6.2 x  l o 6  l i t e r s  o f  waste c o n t a i n i n g  
an es t ima ted  i n v e n t o r y  o f  57 k i log rams o f  p l u ton ium and 1  kg  o f  
americium. The waste was p r i m a r i l y  d e r i v e d  f rom s o l v e n t  . .  

e x t r ac t . i on  processes i n  which Pu and Am were p u r i f i e d  f rom a  
v a r i e t y  o f  sc rap  m a t e r i a l s .  The b u l k  o f  t h e  waste was t h e  . 
n i t r i c  a c i d  s o l u t i o n  used t o  d i s s o l v e  TRU f rom t h e  scrap.  The 
nominal compos i t ion  o f  t h i s  waste was: 0.15 - M HN03; 0.24.M 
A1F(N03)2; 0.40 1 A1 (N03)3;  0.16 M Mg(N03),; 0.,16 M C~(NO;)~; 

. 0.05 M Fe(N03) 3; 2.4 M NaN03. In -add i t ion  t o  t h e  aqueous phase, 
t he  o rgan i c  phases used f o r  t h e  s o l v e n t  e x t r a c t i o n  were a l s o  
d i sca rded  when degrada t ion  products  b u i l t  up t o  t he  p o i n t  where 
they  i n t e r f e r e d  w i t h  t h e  e x t r a c t i o n .  The b u l k  o f  t h e  o rgan i cs  
cons i s ted  o f  CC14, TBP and UBBP. Less t han  5 % 0 f  t h e  volume 
d ischarged  t o  t h e  c r i b  cons i s ted  o f  o r g a n i c  waste. 

A l a b o r a t o r y  s tudy  [I ] i n v e s t i g a t i n g  t h e ' s o r p t i o n  p r o p e r t i e s  
o f  t h i s  waste t y p e  i n d i c a t e d  t h a t  Pu s o r p t i o n  was l i m i t e d  ' 

(Kd-2. 5 )  and Am s o r p t i o n  was n e g l i g i b l e  (Kd<l  ) .  The conc lus ion  
o f  t h e  s tudy  was t h a t  t h e  TRU i n  t h e  waste would n o t  be sorbed 
on t he  sediment b u t  m i g r a t e  w i t h  t h e  waste s o l u t i o n .  D i s t r i b u -  
t i o n  o f  TRU beneath t h e  c r i b  was determined by a  p rev ious  f i e l d  
s tudy  [2]. Waste-sediment i n t e r a c t i o n s  r e s u l t e d  i n  t h e  b u l k  of  

* t h e  TRU be ing  r e t a i n e d  i n  t he  sediments w i t h i n  a  few meters  o f  
t he  p o i n t  o f  d ischarge ,  b u t  TRU a c t i v i t y  up t o  1' pCi /g  i s  
p resen t  30 meters  below t h e  c r i b ,  suppo r t i ng  t h e  conc lus ion  of  
t h e  l a b o r a t o r y  s tudy  rega rd ing  t he  low s o r p t i o n  o f  TKU f o r  t h i s  
waste type .  The volume o f  l i q u i d  d ischarged  t o  t h e  c r i b  was 
l i m i t e d  t o  r e t a r d  breakthrough o f  t h e  aqueous phase t o  t h e  
groundwater, b u t  a  s tudy  of t h e  env i ronmenta l  f a c t o r s  which 

, c o u l d  r e m o b i l i z e  t h e  TRU w-as needed due t o  t h e  low s o r p t i o n  
p r o p e r t i e s  of  t h e  TRU. 



EXPERIMENTAL 

A 5 kg sample of contaminated sediment was obtained from the  
center  of the  c r i b  a t  a depth of nine meters below the  c r i b  
bottom. The sample as received from the  f i e l d  was handled i n  a . 

glove box' where i t  was . a i  r d r i ed  and blended by, tumbl i  ng. The ., ' I I . 
Pu-239 a c t i v i t y  was 107t10 ( l a )  nCi/g; Am-241 a c t i v i t y  was \? ' 
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100+2 ( l a )  nCi/g. P a r t i c l e  s i z e  ana lys i s  of the  mater ia l  
indicated the  sediment was a s l i g h t l y  s i l t y '  f i n e  sand. TRU 
analys is  of t h e  s i z e  f r a c t i ons  ind ica ted  the re  was l i t t l e  
segregation of P u  o r  Am a c t i v i t y  with p a r t i c l e  s i z e .  The pH of 
the sediment was 3.9. 

Both  column^ and batch experiments were used t o  study the  
leaching behavior of the  sediment. Col umn leaching . s tud ies  
were conducted a t  23'6 using a s ing le -pass ,  continuous flow, 
s a t u r a t e d .  col umn conf igurat ion.  The experimental arrangement, 
in  the d i r e c t i o n  of leachant f low, consis ted  of a leachant  
reservoi r , fo l  Towed by a posi t i  ve di spl  acement s y r i  nge pump, 
the  sediment column, a pH e l ec t rode  and a fractSon co l l e c to r .  

' 

The pH e lec t rode  gave continuous. reading of the .  l eacha te  pH as  
the  s.01 ut ion l e f t  the  sediment column; . Fi\pe.-ml f ra .c t ions  were 
co l l ec ted  and composited as  required.  In a s a tu r a t ed  column 
'donfigurati,on, the leachant so lu t i on  i s  pumped upward through 
the  column, a1 lowing few unwetted sur faces ,  flow channels o r  
a i r  pockets t o  e x i s t .  The s a tu r a t ed  column conf igurat ion 
approximates environmental leaching condit ions corresponding t o  
groundwater'i  n t rus ion o r  massi v,e su r face  f looding.  The sediment 
column was 2.5 cm i n  diameter,  22 cm long and contained 180 g of 
packed sediment. Vol umetric throughput was s e t  . a t  approximate- 
l y  5.1 ml/hr,  corresponding t o  a l i n e a r  flow r a t e  through the  
sediment o f  about 2.6 cm/hr, o r  a water  column l i n e a r  flow r a t e  
of about 1 .0  cm/hr. Columns were leached f o r  a maximum of 60 
days, corresponding t o  about 210 pore volumes of leachant .  Both 
syn the t i c  gruurldwater and a 0.01 M CaC12 so lu t i on  were used as 
leachants i n  t h e  column s tud i e s .  The syn the t i c  groundwater had 

. a composition of approximately 1 .0  mM Na+, 0.17 mM K+, 0.5 mM - 
M ~ + ~ ,  0.5 mM ca f2 ,  1.1 mM M4Si04, 0.7 mM NO-,  0.3-m~ -C1", 
0.4 mM and 1 . 3  mM R c O ~  ( m ~ = m i l l i m ~ i a r q .   he Tonic. 
s t reng th  of t h e  groundwater s o l i t i o n  was approximately 4.5 mi'+ - 
with a pH of 8.1. The 0.01 M CaC12 so lu t ion  had an i on i c  
s t reng th ,  of .-30 mM_ and a pH Ef 6.2.  . . 

'Batch s t u d i e s  were used t o  supplement the  column s tud i e s .  
Sediment/leachant r a t i o s  ranged from 0.3  t o  4 g/ml , and contact  
times from two minutes t o  th ree  weeks. Iri add i t ion  ' to t he  
syn the t i c  groundwater and 0.01 . M CaC1 2, .di s t i  11 ed water., 0.001 . 

t o  1 M.CaC12, 0.01 t o  0 .3  M : A ~ ( R O ~ ) ~ ,  and 0.01 t o  0.1'M NaF 
were z e d  as  leachants.  ~ e a c h a t e  so lu t ions  were analyzed. f o r  
H+,  ~ a ' ,  K', ~ g + ~ ,  ~ a + ~ ,  A I + ~ ,  ~ i + ~ ,  NO;, C1-, 5022, and P053, 
in  add i t ion  .- t o  Pu  and Am. 



RESULTS AND DISCUSSION 

For t h e  column s tud ies ,  inc reased concen t ra t i ons  o f  H+, ~a', . 
K+, ~ g + ~ ,  Ca+2, ~ 1 + ~ ,  NO?, and F-, i n  a d d i t i o n  t o  Pu 'and Am, was 
observed i n  t he  i n i t i a l  f r a c t i o n s  c o l l e c t e d  f o r  bo th  t h e  ground- 
water  and 0.01 !, CaC12 leachants.  PLJ and Am had s i m i l a r  e l u t i o n  
p a t t e r n s  b u t  Pu a c t i v i t y  i n  s o l u t i o n  was two orders  o f  magnitude 
l e s s  than t h a t  of Am. Pu a c t i v i t y  i n  l a t e r  f r a c t i o n s  was 
g e n e r a l l y  below t h e  d e t e c t i o n  l i m i t  o f  t h e  a n a l y t i c a l  technique 
(a lpha spec t romet ry )  and d iscuss ion  o f  t h e  r e s u l t s ,  i s  l i m i t e d  
p r i m a r i l y  t o  Am. F igure  1  shows Am a c t i v i t y  versus pH f o r  bo th  
groundwater and 0.01 M CaCl?. Am was leached i n  two steps.  The 
f i r s t  s t e p  was cha rac te r i zea  by r a p i d  l e a c h i n g  o f  Am and low 

. i n i t i a l  s o l u t i o n  pH(73.5). O f  the,210 pore  volumes o f  leachants  
passed through t h e  columns, over 80% o f  t h e  Am u l t i m a t e l y  
1each.ed i s  removed i n  the  f i r s t  pore volume o f  leachant  through 
the column. Continued leach ing  r e s u l t s  i n  an increase i n  pH 
a l though t h e  sediment has i n t e r a c t e d  w i t h  t h e  a c i d  waste- 
s u f f i c i e n t l y  t o  have a  b u f f e r i n g  c a p a c i t y  below t h a t  no rma l l y  
found i n  Hanford sediment (pH-8). A f t e r  t h e  i n i t i a l  r a p i d  
l each ing  s tep ,  Am concen t ra t i on  i s  r e d u c e d ' w i t h  i n c r e a s i n g  pH. 
Both H+ and Am concen t ra t i on  however i nc rease  w i t h  t o t a l  c a t i o n  
concent ra t ion ,  suggest ing t h e i r  concen t ra t i ons  a re  c o n t r o l l e d  
by i o n  exchange r e a c t i o n s  i n  t he  second s tep .  Approximate ly  
30% o f  t h e  Am and l e s s  than 1% o f  t h e  Pu were removed f rom t h e  
sediment w i t h  each s o l u t i o n  a f t e r  l e a c h i n g  w i t h  210 pore . .  - .  . 

' . volumes. 
S1 i g h t  r e t a r d a t i o n  o f  c h l o r i d e ,  f l u o r i d e  and n i t r a t e  migra-  

t i o n  i n  t h e  column experiments showed t h a t  t h e  sediment ac ted  

. .- 
as a  weak an ion  exchanger. The an ion  behav io r  cou ld  be due t o  

- ttie"1'ow-'pH o f  t h e  waste which through p r o t o n a t i o n  g ives some 
so i  1  m ine ra l .  sur faces  a  n e t  p o s i t i v e  charge. P r e c i p i t a t i o n  o f  
i r o n  ox ides  o r  ex tens i ve  l oad ing  o f  amphoter ic aluminum i o n  on 

- t he  s o i  1  exchangc s i  t c s  cou ld  a l s o  e x p l a i n  t h e  a l l - io r~ exchanye 
behav ior  of t h e  sediment. 

Batch l e a c h i n g  s tud ies  o f  a  sediment sample ob ta lned f rom 
another  waste c r i b  which rece ived a  s i m i l a r  waste type,  showed 

, a  l i n e a r  pH t o  l o g  (Am concen t ra t i on )  r e l a t i o n s h i p  [3]. The 
r e p o r t  i n d i c a t e d  t h a t  Am concent ra t ion  was probab ly  c o n t r o l l e d  
by an Am compound, present  as a  s o l i d  phase. The l i n e  d e f i n i n g  
the  Am compound's s o l u b i  1 i t y  i s  g iven i n  F i g u r e  1. Am concen- 
t r a t i o n s  observed f o r  i n i  t i  a1 f r a c t i o n s  f rom t h e  c o l  umn s t u d i e s  
were approx-i~na.tely an urder  o f  magnltude h'igher than t h a t  
i n d i c a t e d  by t h e  s o l u b i l i t y  l i n e .  

Batch l each ing  o f  the sediment used i n  t h e  column s tud ies  was 
used t o  supplement t he  column s tud ies ,  and t o  i n v e s t i g a t e  
l each ing  mechanisms f o r  t he  h igh  concen t ra t i on  o f  Am i n  t h e  

\ i n i t i a l  f r a c t i o n s  of  leach'ate c o l l e c t e d  from t h e  columns. The 
Am concen t ra t i ons  found i n  t h e  batch s tud ies  were w i t h i n  0.4 , 

l o g  (Am) u n i t s  of  t h e  Am s o l u b i l i t y  l i n e  i n  F igu re  1. The Am 



. t !  
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concentrat ions found did not s i g n i f i c a n t l y  exceed the  sol ' t ib~ 1  i  t j  
l i n e  with varied so i l / so lu t i on  ra t ' io  (var ied from. 0.3 t o  4'; 
g/ml), concentra t ion of a  competing cat ion in  so lu t ion  ( O  yo, 
1  M CaC1,; 0  t o  0 .3  M A1 (NO,),), con tac t  times (var ied  from')~yo 
minutes t o  t h r e e  weers) ,  o r  f l uo r ide  concentrat ion (0.01 .to 13.1 ., 

M NaF). F i l t r a t i o n  of a l l  leachates  through 0.003 pm f i l t e r 3  ', :# - 
did not a f f e c t  the  Am concentrat ion ind ica t ing  t h a t  Am was not: +@,,- 
present as. a  co l lo id .  The Am species  i n  so lu t ion  was found $"oe 

'h 

be ca t i on i c  using ion exchange r e s in  techniques. I t  i s  believed 
the  enhanced Am concentrat ions shown in  the  column experiments P r.c 
a re  due t o  accumulation of a  t r a c e  complexant spec ies ,  originat- .  
ing i n  t he  waste l i qu id ,  a t  t h e ' s o i u t i 0 n : f r o n t  i n - t h e  column 
which then increased Am s o l u b i l i t y .  

Pl utoni um concentrat ions i n  a1 1  batch and col umn 1  eachates \ 

were' below' t he  concentrat ion d i c t a t ed  by the  s o l u b i l i t y  of Pu02. 
Batch leaching experiments.showed t h a t  P u  concentra t ions  i n  the  
leachates  were increased with increas ing ion ic  s t reng th  of t he  
leachant.  Hence, the  mechanism of P u  so lu t ion  was ion exchange 
desorption and not f a i l u r e  t o  obta in  equil ibriuin i n ,  so lu t ion  
with Pu02. 

4 

CONCLUS I.ONS 

A previous laboratory study indicated t h a t  Pu and Am i n  the  
waste discharged t o  the  c r i b  would not be sorbed on t h e  sediment 

. b u t  migrate with the  waste so lu t ion  [I].  Fie ld  s tudy of the TRU . 
d i s t r i b u t i o n  beneath the c r i b  [ 2 ]  support the  conclusions of the  
laboratory study. The cur ren t  laboratory study i nd i ca t e s  t h a t  
waste-sediment in te rac t ions  have a1 te red  t he  waste, resul  t i ng  in  
the  r e t en t i on  of almost a l l  of t he  P u  and most of t he  Am on the  

.. o . sediment t e s t ed .  Batch leaching study r e s u l t s , ' i n  agreement 
w i t h  r e s u l t s  of an e a r l i e r  study 131, show Am concentrat ions a r e  
determined'by an Am compound having pH dependent s o l u b i l i t y .  
Batch s t u d i e s  d l so  show t h a t  P u  i s  not present in  t he  sediment 
sample a s  Pu0,. The mechanism of Pu so lu t ion  i s  ion exchange 
desorption.  The s o l u b i l i t y  of TRU can be enhanced under column 
1 eaching condi t ions  which favor concentrat ion of complexing 
agents a t  t he  wetting f ron t .  Plausible  environmental leaching 
condit ions might be expected t o  mobilize l e s s  than 1% of t h e ~ P u  
present i n  t h e  sediment and approximately 30% of t h e  Am. 

[ I ]  HAJEK,  B. F . ,  KNOLL, K . C . ,  Disposal Cha rac t e r i s t i c s  of 
Plutonium and .Americium in  a  High Sa l t  Acid Waste, Ba t t e l l e  
Northwest Laboratory Rep. BNWL-CC-649 (1 966) 12.. 

[Z]  KASPER, R . B . ,  e t  a l .  , Trans. Am. Nucl. Soc. - 33 (1979) 165. 

.[3] RAI, D., e t  a l . ,  Trans. Am. Nucl. SQC. - 35 (1980) 185. 



FIG. .l. Satu ra ted  'column leach ing  o f  Am from 216-Z-1A 'sediment 
using: A, 0 .01  M CaC12 and B, s y n t h e t i c  groundwater. Numbers 
g iven on co lumn i e a c h i  ng curves a re  ' th roughput  co l  umn pore  '1 

vol  umes; 



FIG. 1 .  Saturated column leaching of Am fkom 216-Z'1A 
sediment using: A ,  0.01 M CaC12 and B ,  synthetic groundwater. 
Numbers given on column leaching curves are throughput co!umn 
pore vol umes . I 
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- .  . . +he leachability of PU-.and-.Ain'in a sediment obtained irom a ' \ 
retired underground liquid waste disposal facility was ;&died \. 1 ' 

/ under saturated bolumn and batch leaching conditions. Results r .  

from.batch leaching studies confirm that Am concentrations are , . 

a function of the dissolution of an Am compound having pH 
' 

dependent solubility. Batch studies also show Pu is not present 
as Pu02. The concentration of Am and Pu in the leachate can be 
enhanced w h ~ n  column leaching conditions favor increased 
concentrations of complexing agents at the wetting front. 'I-, . 
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. 
INTRODUCTION \ 

' e v a l u a t i n g 1  I 

a c i l  i ty  (216-Z-1A 

The Z-1A c r i b  rece  o f  waste c o n t a i n i n g  
an es t ima ted  i n v e n t o r  o f  p l u ton ium and 1  kg  of  

rom t h e  scrap.  The 

p  t o  t h e  p o i n t  where 
u l  k o f  t h e  o rgan i cs  

p resen t  30 nieters below the  c r i b ,  s u p p o r t i n g  t h e  conc lus ion  of 
t h e  l a b o r a t o r y  s tudy  rega rd ing  t he  low s o r p t i o n  o f  TRU f o r  t h i s  
waste type .  The volume o f  l i q u i d  d ischarged  t o  t h e  c r i b  was 
1 i m i  ted t u  re lard bteaktlit-ough o f  t h e  aqueous phssc t o  t h e  
groundwater,  b u t  a  s tudy  of t h e  env i ronmenta l  f a c t o r s  which 
c o u l d  r e m o b i l i z e  t h e  TRU w-as needed due t o  t h e  low s o r p t i o n  
p r o p e r t i e s  o f  t h e  TRU. 
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EXPERIME- g A6 : ' I; 

, \, . f  
A 5 kg sample o fcon tamina ted  sediment was obtained from the  

center  d f -  tke  crib*it a  depth of nine meters below the  c r i b  
bottom. The sample as  received from the  f i e l d  was handled in  a 
glove box where . i t  was a i r  d r ied  and blended by,tumbling.  The 

' 

Pu-239 a c t i v i t y  was 107t10 ( l a )  nCi/g; Am-241 a c t i v i t y  was 
100+2 ( l a )  nCi/g. P a r t i c l e  s i z e  ana lys i s  of the  mater ia l  
indicated the  sediment was a s l i g h t l y  s i l t y  f i n e  sand. TRU 
analys is  of t he  s i z e  f r a c t i ons  indicated the re  was l i t t l e  
segregation of Pu  o r  Am a c t i v i t y  with p a r t i c l e  s i z e .  The pH of 
the sediment was 3.9. 

Both column. and batch experiments were used t o  study the  
. leaching behavior of the  sediment. Column leaching s t ud i e s  
were conducted a t  23'6 using a s ing le -pass ,  continuous flow, 
saturated.column conf igurat ion.  The experimental arrangement, 
in the  d i r ec t i on  of leachant flow, consis ted  of a leachant  
r e s e rvo i r ,  followed by a pos i t i ve  displacement syr inge pump, 
the sediment column, a pH e lec t rode  and a f r a c t i on  co l l e c to r .  
The pH e lec t rode  gave conti.nuous.reading of t he - l e acha t e  pH as  
the  so lu t ion  l e f t  the  sediment column. . Five-ml f r a c t i o n s  were 
col lec ted and composited a s  required.  In a s a tu r a t ed  column 
conf igurat ion,  the  leachant so lu t ion  i s  pumped upward through.  
the column, allowing few unwetted sur faces ,  flow channels o r  
a i r  pockets t o  e x i s t .  The s a t u r i t e d  col umn conf igurat ion 
approximates environmental leaching condit ions corresponding t o  
groundwater ' intrusion o r  massive sur face  f looding.  The sediment 
column was 2.5 cm i n  diameter, '22 cm long and contained 180 g of 
packed sediment. Volumetric throughput was s e t  a t  approximate- 
l y  5.1 ml/hr, corresponding t o  a l i n e a r  flow r a t e  through the  

-.. . .. . . p - sed.i.ment-of about 2.6 cm/hr, o r  a  water column l i n e a r  flow r a t e  
of about 1 .0  cmlhr. Columns were leached f o r  a maximum of 60 
days, corresponding t o  about 210 pore volumes of leachant .  Both 
synthet.ic groundwater and a 0.01 M CaC12 so lu t ion  were used a s  
leachants i n  t h e  column s tud i e s .  The syn the t i c  groundwater had 

. a composition of approximately 1.0 m M  Na+, 0.17 mM K', 0.5 mM - 
~ g + ~ ,  0.5 mM Ca+2, 1.1 mM H4Si04, 0.7 mM N O - ,  0.3-mfl-Cl', 

. 0.4 mM sOc2;and 1 .3  ~ M E c o ~  (mM.mi l l im~ la r~ .  The i on i c  
s t rength  of t he  so lu t ion  was approximately 4.5 rnbl - 
with a pH of 8.1. The 0.01 M CaC12 so lu t ion  had an ion ic  
s t rength ,  of ;30 mM- and a pH Ef 6.2. 

Batch s t ud i e s  were used t o  supplement the  column s tud i e s .  
Sedimentlleachant r a t i o s  ranged from 0 .3  t o  4 glml, and contact  
times from two minutes t o  th ree  weeks. In addi t ion ' to t he  
syn the t i c  groundwater and 0.01 . M  CaC12, . d i s t i l l e d  water., 0.001. 
t o  1 M.CaC12, 0.01 t o  0 .3  ~ : A l ( f l o ~ ) ~ ,  and 0.01 t o  0.1'M NaF 
were x e d  as  leachants .  Leachate so lu t ions  were analyzed f o r  
H+,  ~ a ' ,  K', ~ g ' ~ ,  ~ a ' ~ ,  A I + ~ ,  s i f 4 ,  NO;, C1-, SO(2, and P043, 
i n  add i t ion  .- t o  Pu and Am. 
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For the  column s t u d i e s ,  increased concentra t ions  of H+, ~ a + ,  
K+, ~ g + ~ ,  Ca+2, ~ 1 '  3 ,  NO?,  and F- ,  i n  , addi t ion t o  P u  and Am,  was 
observed i n  the  i n i t i a l  f r a c t i ons  co l l e c t ed  f o r  both t he  ground- 
water and 0.01 M CaC12 leachants .  Pu  and Am had s im i l a r  e1utio.n 
pa t t e rns  b u t  P u  a c t i v i t y  i n  so lu t ion  was two orders  of magnitude 
l e s s  than t h a t  of Am. P u  a c t i v i t y  i n  l a t e r  f r a c t i o n s  was 
general ly  below the  detect ion l imi t ' o f  t h e  ana ly t i ca l  technique 
(alpha spectrometry) and discussion of the  r e s u l t s  i s  l imi ted  
primari ly t o  Am. Figure 1 shows Am a c t i v i t y  versus pH f o r  both 
groundwater and 0.01 M CaC12. Am was leached i n  two s t ep s .  The 
f i r s t  s t e p  was character ized by rapid  leaching of Am and low 
i n i t i a l  so lu t ion  pH(-3.5). Of the  210 pore volumes of leachants  
passed through the columns, over 80% of t he  Am u l t imate ly  
leached i s  removed in the  f i r s t  pore volume of leachant through 
the column. Continued leaching r e s u l t s  in  an increase  in pH 
although the  sediment has i n t e r ac t ed  with t he  acid  waste 
s u f f i c i e n t l y  t o  have a buffering capaci ty  below t h a t  normally 
found in  Hanford sediment (pH-8). After  t he  i n i t i a l  rapid  
leaching s t e p ,  Am concentrat ion i s  reduced with increas ing pH. 
Both H+ and Am concentrat ion however inc rease  with t o t a l  ca t ion  
concentra t ion,  suggesting t h e i r  concentra t ions  a r e  con t ro l l ed  
by ion exchange react ions  in  the  second s t e p .  Approximately 
30% of t he  Am and l e s s  than 1% of t he  Pu  were removed from the  
sediment with each so lu t ion  a f t e r  leaching with 210 pore 
vol umes . 

S l i g h t  r e t a rda t i on  of ch lo r ide ,  f l uo r ide  and n i t r a t e  migra- 
t i o n  i n  t h e  column experiments showed t h a t  the  sediment acted 
as a weak anion exchanger. The anion behavior could be due t o  
t he  low pH of the  waste which through protonation gives some 
s o i l  mineral surfaces  a net  pos i t ive  charge. P r ec ip i t a t i on  of 
i ron oxides o r  extensive  loading of amphoteric aluminum ion on 
Llie s o i l  exchange s i t e s  co~.rld a l so  explain t he  anion exchange 
behavior of t h e  sediment. 

Batch leaching s t ud i e s  of a sediment sample obtained from 
another waste c r i b  which received a s i m i l a r  waste type,  showed 
a l i n e a r  pH ts log (,4m concentra t ion)  r e l a t i onsh ip  [3]. The 
r epo r t  ind ica ted  t h a t  Am concentrat ion was probably con t ro l l ed  
by an Am compound, present  as  a s o l i d  phase. The l i n e  def in ing 
t he  Am compound's s o l u b i l i t y  i s  given !n Figure 1 .  Am concen- 
t r a t i o n s  observed f o r  i n i t i a l  f r a c t i ons  from the  column s tud i e s  
were approx l~~la te ly  an ordcr of magnitude higher than t h a t  
ind ica ted  by t he  s o l u b i l i t y  l i ne .  

Batch leaching of the  sediment used i n  t h e  column s tud i e s  was 
used t o  supplement t he  column s t u d i e s ,  and t o  i nves t i ga t e  
leaching mechanisms f o r  the  high concentrat ion of Am i n  t he  

\ i n i t i a l  f r a c t i o n s  of leachate  co l l ec ted  from the  columns. The 
Am concentra t ions  found in the  hatch s t ud i e s  were within 0.4 
log (Am) units of t h e  Am s o l u b i l i t y  1 ine  in  Figure 1 .  The Am 
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FIG., 1. S a t u r a t e d  column l e a c h i n g  o f  Am f rom 216-Z-1A sediment . . 
us ing:  A, 0.01 M CaC1 and B, s y n t h e t i c  groundwater. Numbers . . 

g iven on column Teaching curves a re  throughput  column po re  . . . . . .  

vo l  umes . 



FIG.  1 . '  Saturated-cojumn leaching of Am from 216-Z-1A 
sediment using: A ,  0.01 M CaCl.* and -B.,. syalthetic groundwater.. 
Numbers gi vek' on co1 umn leaching curves a re  throughput column 
pore vol umcs. 




