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Project Objectives

Element Type Applications Element Type Applications
Ce! REE  Oxidizer and catalyst Mn' Trace Steel alloys and production
Co' Trace Batteries and alloys Nd* REE  Magnets and capacitors
Dy REE  Magnets and minor alloys additive Ni' Trace Multi-purpose metal
Er REE  Lasers and steel alloys Pr! REE  Radioactive decay heating
Eu' REE  Lighting and NMR Sc REE  Catalyst and lighting
Ga' Trace Photovoltaics and semiconductors Sm REE  Magnets and neutron flux control
Gd REE  Neutron flux control and many alloys Th! REE  Magnets and lasers
Ho REE  Magnets and lasers Th Trace Fuel and lighting
In! Trace Photovoltaic film Tm REE  Lighting and lasers
La’ REE  Catalyst and glass additive U Trace Fuel and ballast
Li* Trace Flux and batteries Y! REE  Lasers and steel alloys
Lu REE Medical tracer and glass additive Yb REE Reducing agent and steel alloys

! DOE identified critical material

National Database - O&G and Geothermal REEs
Refine Measuring Methods

Statistical Screening to predict occurrence
Techno-Economic Assessment
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Ongoing REE Work
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Study Area for this talk
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Strata
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Isotopes: 6D, 60™
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Rock normalization inappropriate
for Water

Solids - Rock, particulate, sediment:

NASC, PAAS, UCC, RSA, GLOSS, and Chondrite
Dissolved - 1077 of solids:

NPDW, NADW, AIW, and various rivers.

Deep Basin Brine normalization remains to be
developed.
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LOWTDS Brine High TDS Brine
[<4.5g/l] [4.5-300 g/L]
AG 50W-X8 Resin Chelex-100
Column (Re)generation Column (Re)generation (for 25 mL Chelex)
Water, Concentrated Acid, Water Water, Acid, Water, Ammonia
Sample Chromatography Sample Chromatography
Gravity flow pH adjustment, Gravity flow
| Elution of Mono/dia-valent Cations Elution of Mono/dia-valent cations
Dilute acid wash, Water rinse Multi-stage water and ammonia washes
l | Elution of REEs Elution of REEs
' Concentrated acid wash Multistage acid wash
Analysis by ICP-MS Analysis by ICP-MS
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Signature for fields

Eu Gd Er Eu Gd Er

Lost Cabin Pine Tree (PRB-18)
Moneta Divide House Creek (PRB-14)
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Conclusions

REEs can be measured.
REEs may reflect Geologic Heterogeneity.
Terrestrial/Marine Frac-Sand/Biologics/Age

Many fields have higher concentration than
Ocean Water. This does not necessarily imply a
better mine. (oil droplets, TDS, disposal)

Future work will improve our ability to read
these signatures and identify what they mean.
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Guidance? Questions? Comments?

This REE project is just beginning.
We need more data. Collection continues.

We welcome any guidance from experts in the
audience.
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Isotopes from Water-Rock
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Chondrite ppm and Oddo—Harkins

Fig from data collected by Korotev 2009
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Gd (pmol/kg)
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Gd and MR

Gd in near-city waters
can indicate Hospitals
with MRIs .... but....
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