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Please Note:
•On‐going project is ‘work in 
progress’ – 1 yr remaining on project 

•Non‐Disclosure Agreement (NDA) 
with Cameco regarding site specific 
data 

•Focus of talk will be on our approach
(methods), and providing insight for 
other U ISR site restoration 
challenges
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Uranium Roll-Front Formation 

Sandstone 

• • = Dissolved Uranium 

> = Uranium Roll Front Deposit Sandstone 
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U and Ra at Smith Ranch ISR site note: ublicl avail. data 
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USGS Texas review 
(Hall USGS OFR 2009‐1143)

• Looked at 22 well fields in South Texas
• For uranium pre‐recovery, 95% were 
above the EPA drinking water standards

• For radium pre‐recovery, 100% were 
above the EPA drinking water standards

• For uranium, after restoration, 68% 
were still above pre‐recovery baseline

• For radium, after restoration, 4% were 
still above pre‐recovery baseline
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How Baseline Characterization Should 
be Conducted at ISR U Mining Sites

Total elemental concentration is a poor indicator for restoration goal, 
bioavailability, mobility and toxicity.

Thus its essential to carefully characterize the molecular nature and 
valence state of key elements in order to predict down gradient transport 
of U, Ra, and toxic metal and human health risks in addition to help 
determine reasonable restoration goals:

Aqueous Phase
U(IV/VI), Fe(II/III), Mn(II/III/IV), S(‐II/VI), As(III/V), Se, N, DOC, bicarbonate

Mineral phases
Fe oxides, Mn oxides, Al oxides, carbonates, sulfates, sulfides, clays

Soil/sediment Characterization
Sand/silt/clay fraction; CEC,  AEC, SOM, porosity, surface area, zeta 
potential, redox potential, sorption capacity, “reduction capacity” 11
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U(VI)- Toxic, Mobile 
As(V)- Less mobile 
Fe( II I) -Immobile 
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Importance of Determining the Biogeochemical 
Redox Conditions at ISR U Mining Sites

Here are a few examples of why we need to understand the redox 
conditions and element speciation:

1. Presence of REDUCED mineral phases and dissimilatory metal 
reducing bacteria are essential for immobilization of uranium 
down gradient (implication for reactive transport modeling and 
human health risk assessment)

2. Formation of molecular‐U(IV) instead of uraninite (UO2) will 
result in a less stable and more mobile U (implications for 
restoration)

3. Presence of uranyl carbonato complexes can prevent reduction 
by sulfide (thermodynamic issue; implications for restoration)13
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Chilson Solid-Phase 
Oxidation Front 
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Version 3.0.4. 7711 

Implements PHREEQC 3.0.4 
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Biogeochemistry: Experimental Approach
1. HF digests of solids to determine the total elemental concentrations using 

ICP‐MS and ICP‐OES

2. Colorimetric analysis of Fe speciation (Fe(II), Fe(III), Fetotal)

3. Aqueous speciation (valence states; redox couples); e.g., U(VI) vs U(IV) or 
As(III) vs As(V) or sulfide / sulfate ratio, etc

4. Synchrotron X‐ray Absorption Spectroscopy (EXAFS and XANES) to 
determine bulk mineralogy and speciation (valence state)

5. Synchrotron micro‐XAS and micro‐XRF imaging to determine 
elements/minerals responsible for sorption/reduction of U etc. 

6. Pyrosequencing to determine microbial communities with potential for 
metal and U immobilization  

18
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Up-gradient 

Orezone 

Down­
gradient 

152.0 

7.2 146.5 578 

7.4 154.5 562 

0.21 0.002 0.02 

205 261 0.05 0.005 0.01 5.4 

230 254 0.03 0.008 0.01 2.2 
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U(VI) Concentration [M] 
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rng/1 
Numb~r pH p~ T~mp 0 (0) A1kalinicy 

rng/1 rng/1 as CaC03 ug/1 
0 6 . 78 1.2 12 . 8 1.2 269 

rng/1 
Number pH pe Temp 0 (0) A1ka linicy 

mg/1 rng/1 as CaC03 
1-8 6 . 78 1.2 12 . 8 8 269 

Descripci·on Number pH pe Temp 0 (0) A1 kalinicy 
mg/1 mg/1 as CaC03 ug/1 

Downgradienc 9-40 6 . 78 1.2 12 . 8 1.2 269 

Add HFO sorpcion in oxidiz~d zon~ 
0 . 0041073421 600 8 . 89 

Hfo w 

- cells 
-shifes 
- cime_ scep 

0 . 010101378 

40 
40 
31536000 I seconds 

- 1engchs 40•5 
-diffusion coefficien t 0 
-ch~rm.a1 diffusion 1 0 
- princ_ ce lls 
- punch_ cells 
-mulei d 

1- 40 
1- 40 
false 

1 yea.r 

As B Bat Ca 
rng/1 rng/1 rng/1 rng/1 

4. 72 0 . 1 43 0 . 012 365 

As B Ba Ca C1 
ug/1 mg/1 rng/1 mg/1 rng/1 
4. 72 0 . 1 43 0 . 012 365 9 . 67 

As B Ba Ca C1 
mg/1 mg/1 mg/1 mg/1 mg/1 

4. 72 0 . 1 43 0 . 012 365 9 . 67 
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Gc ssOH 

+ U02+2 = Gc ssOU02+ + H+ 

+ H20 + U02+2 = Gc ssOU0 20H + 2H+ 

Gc sOH 

+ U02+2 = Gc sOU02+ + H+ 

+ H20 + U02+2 = Gc sOU020H + 2H+ 

= Gc WOH 

+ U02+2 = Gc wOU02+ + H+ 
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Human Health Risk Assessment 

• Similar model to that used 
for Yucca Mountain 

• Adapted for local conditions 
and agricultural products; 

• 3 cases considered: 
High Exposure: subsistence 
farmer with no remediation 
technology 

Middle Exposure: rancher 
with no remediation 
technology 

Low Exposure: rancher with 
remediation technology 

Drinking 

Internal 
Exposu r~ 

(lnges!lon) 

Irrigation 
(crops) 

ln ttrnal 
E)(posur~ 

(lnhala!lon) 

External ] 
Exposure 

1-------------------------------------------------------------------------------A Pathways of exposure for high-exposure case. 
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Preliminary Conclusions
(again, work in progress….)

• Uranium sorption is a balance between true sorption 
strength (mainly Fe hydroxides?) and dissolved carbonate 
complexes

• Restoration of orezone U chemistry appears successful 
based on valence speciation

• However, implications associated with biogenic uraninite (non‐
uraninite) are unknown

• Robust downgradient modeling efforts provide much 
needed insight towards meeting restoration goals

• How far will plume travel?
• Is site restoration needed?
• Natural attenuation pathways?
• What are the health and environmental risk? 
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Baseline Characterization is Needed at 
Every New ISR U Mining Site

• Geology (e.g., sediment types; high V, variable Fe down‐gradient –
> 500‐2500 ppm, ‘unpreserved’ cores)

• Water chemistry (e.g., high sulfate and bicarb)
• Microbial community influences?
• Influences of biogenic U(IV)?
• Potential ‘oxidized’ down‐gradient zones, and subsequent natural 
attenuation capacities? 

• Restoration strategy needs to be developed based on detailed 
baseline characterization – in order to protect the public, and help 
Power‐Tech, and EPA develop scientifically sound restoration goals. 

• The CSU/SDSMT‐Cameco project is a good example of how to 
develop best management strategies for ISR U mining (and a 
positive collaboration between academia and industry).

38

How does Dewey-Burdock differ from Smith Ranch-Highland??
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Thank you for your attention 

Jim Stone 

email: james.stone@sdsmt.edu 
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