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Updating Am(III) Model

 Previous model was developed in the ionic strength range 
from 0.3 m to 5.0 m in NaCl solutions.

 Since the Recertification of the WIPP in 2009 (CRA-2009), 
new experimental data in the ionic strength range from 0.10 
m to 6.60 m in NaClO4 solutions have been produced at 
Florida State University (FSU) (e.g., Thakur, Xiong, 
Borkowski, and Choppin, 2014; Thakur, Xiong, and 
Borkowski, 2015).

________________________________________________
Thakur, P., Xiong, Y.-L., Borkowski, M., and Choppin, G.R., 2014, Improved thermodynamic model for 

interaction of EDTA with trivalent actinides and lanthanide to ionic strength of 6.60 m.  Geochimica 
et Cosmochimica Acta, 133:299-312.

Thakur, P., Xiong, Y.-L., and Borkowski, M., 2015, Improved thermodynamic model for the complexation 
of trivalent actinides and lanthanide with oxalic acid to high ionic strength.  Chemical Geology, 
413:7-17.
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Am(III)-EDTA Model

 Na-H-Am(III)-Cm(III)-Eu(III)-Cl-ClO4-EDTA System

 The materials for the following presentation are from 
Thakur, Xiong, Borkowski and Choppin (2014), and 
Thakur, Xiong, and Borkowski (2015), which are the 
collaborative work between Carlsbad Environment 
Monitoring and Research Center (CEMRC) and Sandia 
National Laboratories (SNL).  Dr. Thakur is a research 
scientist at CEMRC.

 The experimental work was performed by Dr. Thakur at 
FSU.

 The Pitzer calculations were performed at SNL by Dr. 
Xiong.
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T a b l e  4 .   B i n a r y  a n d  T e r n a r y  P i t z e r  p a r a m e t e r s  f o r  A m 3 + ,  C m 3 + a n d  E u 3 +  c o m p l e x a t i o n  
w i t h E D T A  u s e d  a n d  c a l c u l a t e d  i n  t h e  p r e s e n t  w o r k .

B i n a r y  I n t e r a c t i o n  P a r a m e t e r s
S p e c i e s  i S p e c i e s  j  ( 0 )  ( 1 ) C Φ R e m a r k s

N a + H 3 E D T A – – 0 . 2 3 4 5 0 . 2 9 0 . 0 5 9 C h o p p i n  e t  a l .  ( 2 0 0 1 )
N a + H 3 E D T A – – 0 . 2 2 6 2 0 . 2 9 0 . 0 5 9 T h i s  s t u d y ,  s i m u l t a n e o u s l y

f i t t i n g  o f  e x p e r i m e n t a l  d a t a  i n  
b o t h  N a C l O 4  a n d  N a C l .

N a + H 2 E D T A 2 – – 0 . 1 2 6 2 1 . 7 4 0 . 0 5 4 C h o p p i n  e t  a l .  ( 2 0 0 1 )
N a + H 2 E D T A 2 – – 0 . 1 1 7 6 1 . 7 4 0 . 0 5 4 T h i s  s t u d y ,  s i m u l t a n e o u s l y

f i t t i n g  o f  e x p e r i m e n t a l  d a t a  i n  
b o t h  N a C l O 4  a n d  N a C l .

N a + H E D T A 3 – 0 . 5 4 5 8 5 . 2 2 – 0 . 0 4 8 C h o p p i n  e t  a l .  ( 2 0 0 1 )
N a + H E D T A 3 – 0 . 5 9 0 8 5 . 2 2 – 0 . 0 4 8 T h i s  s t u d y ,  s i m u l t a n e o u s l y

f i t t i n g  o f  e x p e r i m e n t a l  d a t a  i n  
b o t h  N a C l O 4  a n d  N a C l .

N a + E D T A 4 – 1 . 0 1 6 1 1 . 6 0 . 0 0 1 C h o p p i n  e t  a l .  ( 2 0 0 1 ) .
N a + E D T A 4 – 1 . 0 8 7 1 1 . 6 0 . 0 0 1 T h i s  s t u d y ,  s i m u l t a n e o u s l y

f i t t i n g  o f  e x p e r i m e n t a l  d a t a  i n  
b o t h  N a C l O 4  a n d  N a C l .

N a + C l O 4
– 0 . 0 5 5 4 0 . 2 7 5 5 – 0 . 0 0 1 1 8 P i t z e r  ( 1 9 9 1 ) .

N a + A m ( E D T A ) – – 0 . 2 2 3 9 0 . 2 9 0 . 0 0 2 C h o p p i n  e t  a l .  ( 2 0 0 1 ) ,  f i t t i n g  
d a t a  i n  N a C l .

N a + A m ( E D T A ) – 0 . 4 3 7 2 0 . 2 9 – 0 . 0 1 3 0 3 T h i s  s t u d y ,  f i t t i n g  d a t a  i n  
N a C l O 4  f o r   o / R T  o f  
A m ( E D T A ) –  a n d   ( 0 )  o f  N a + -
A m ( E D T A ) –

N a + A m ( E D T A ) – 0 . 4 3 7 2 – 0 . 6 7 9 4 – 0 . 0 1 3 0 3 T h i s  s t u d y ,  s i m u l t a n e o u s l y  
f i t t i n g  d a t a  i n  b o t h  N a C l  a n d  
N a C l O 4  f o r   o / R T  o f  
A m ( E D T A ) -  a n d   ( 1 )  o f  N a + -
A m ( E D T A )

N a + C m ( E D T A ) – 0 . 3 7 9 1 0 . 2 9 – 0 . 0 1 3 0 3 T h i s  s t u d y
N a + E u ( E D T A ) – 0 . 4 4 2 3 0 . 2 9 – 0 . 0 1 3 0 3 T h i s  s t u d y
H + C l O 4

– 0 . 1 7 4 7 0 . 2 9 3 1 0 . 0 0 8 1 9 P i t z e r  ( 1 9 9 1 )
A m 3 + C l O 4

– 0 . 8 0 0 5 . 3 5 – 0 . 0 0 4 8 F e l m y  e t  a l . ,  ( 1 9 9 0 )
A m 3 + C l – 0 . 5 8 5 6 * 5 . 6 * – 0 . 0 1 6 6 * K o n n e c k e  e t  a l . ,  ( 1 9 9 7 )

T e r n a r y  I n t e r a c t i o n  P a r a m e t e r s
S p e c i e s  i S p e c i e s  j S p e c i e s  k θ i j ψ i j k

N a + H + C l O 4
– 0 . 0 3 6 – 0 . 0 1 6 N e c k  e t  a l . ,  ( 1 9 9 5 )

N a + A m 3 + 0 . 1 0 0 F a n g h ä n e l  a n d  K i m  ( 1 9 9 8 )
* A n a l o g s  f o r  t h e  i n t e r a c t i o n  p a r a m e t e r s  f o r  A m 3 + - C l – .   
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Model Verification



7

Model Verification
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Model Verification
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Model Verification
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Am(III)-Oxalate Model

 Na-H-Am(III)-Cm(III)-Eu(III)-Cl-ClO4-Oxalate System

 The current WIPP model contains only Am(Oxalate)+.  The 
updated model will have Am(Oxalate)2

-, in addition to 
Am(Oxalate)+.  
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Table 5  Interaction parameters involving oxalate system

Binary Interaction Parameters
Species i Species j (0) (1) C References and Remarks

Na+ HOx– –0.2448 0.29 0.068 Choppin et al. (2001)
Na+ HOx– –0.2886 0.29 0.068 This study, by simultaneously 

fitting data in both NaCl and 
NaClO4 for o/RT of HOx– and 
(0) of Na+−HOx–

Na+ Ox2– –0.2176 1.74 0.122 Choppin et al. (2001)
Na+ Ox2– –0.2770 1.74 0.122 This study, simultaneously 

fitting data in both NaCl and 
NaClO4 for o/RT of Ox2– and 
(0) of Na+– Ox2–

Na+ ClO4
– 0.0554 0.2755 –0.00118 Pitzer (1991)

AmOx+ Cl– –0.9374 0.29 0.248 Choppin et al. (2001), fitting 
data in NaCl

AmOx+ ClO4
– –0.7655 0.29 0.2424 This study, by simultaneously 

fitting data in both NaCl and 
NaClO4 for o/RT of AmOx+, 
(0) and C of AmOx+–ClO4

–

CmOx+ ClO4
– –0.5326 0.29 0.1809 This Study

EuOx+ ClO4
– –0.6063 0.29 0.2173 This Study

Na+ Am(Ox)2
– –1.4349 0.29 0.3718 This Study, by simultaneously 

fitting data in both NaCl and 
NaClO4 for o/RT of Am(Ox)2

–

, (0) and C of Na+–Am(Ox)2
–

Na+ Cm(Ox)2
– –1.3302 0.29 0.3665 This Study

Na+ Eu(Ox)2
– –1.3053 0.29 0.3665 This Study

H+ ClO4
– 0.1747 0.2931 0.00819 Pitzer (1991)

Am3+ ClO4
– 0.800 5.35 –0.0048 Felmy et al. (1990)

Ternary Interaction Parameters
Species i Species j Species k ij ijk

Na+ H+ ClO4
– 0.036 –0.016 Neck et al. (1995)

Na+ Am3+ 0.100 Fanghänel and Kim (1998)
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Conclusions

 The Am(III) sub-model in the WIPP Thermodynamic Model 
will be updated to include the most recent, relevant 
publications from the collaborative work between CEMRC and 
SNL.


