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Produced waters are perfect
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Hot, and Saline
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REE Importance

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 Tb! 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

Needed for current technology economy
Past Water-Rock interactions

e Offer tracing opportunity

* Sources and authigenic tracking
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Ongoing REE Work
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Ma|System|Series |l Wind River Basin l Ma |System|Series Center-West PRB | East PRB
WRB:
* 50 70 Fox Hills Formation Fox Hills Formation
() -
c Wind River and B Lok NTemiab [~
O u n g - 8 Indian Meadows Formations § £ | Teapot Sds Mbr ~ Pierre Sh
. o unname:
La g = Parkman Ss Mbr ol
unnamed
Very Old
55 Shannon Ss B Shannon Ss
>— a0 a‘:g: Steele Sh QEEER
o 0 <z
Shallow- | | = 2| |2 -| =i
lﬂ_: | E Niobrara Fm
U T
eep [ E o Carlile Sh & LT T
60 8 o R T P urner Sandy
) v 5
© 90 < Pool Ck Mbr
o E &
5| Greenhorn Fm
‘E 'g Frontier
PRB: ==
= |2
* 65 3 -
65. 77— Belle Fourche Sh
Lance
ast- fematon ||,
N ) S N e e - 100.5 — M()Wl'y Shale - MOW'l'y Shale
535 8 S Madison - g
W e St - o Limestone 3
< |2 2

D CEHPO S I ORF E Ny E R GLY R ES O URCE:S




Isotopes: 6D, 60™
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Heat in WRB
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How REE data are presented
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Plot in F-block order
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How REE data are presented

13
L g 2
3 4
otiNn r- OCK oraer LIy Be
Beryium
3 s012
"N" 12M
Saw-tooth PR RELL L
bl 19 20 21 22 23 24 25 26 27 28 29
K Call Sc TIi V Cr Mn Fe Co Ni Cu
Calcium Scand Titanwm Chromum  Manganese on Cobalt Nokel
9 4078 44958 47887 50942 51998 54538 55845 58933 58840 63548
37 438 39 40 41 42 43 44 45 46 47
N I . 8l SBl Y Zr Nb Mo Tc Ru Rh Pd Ag
Strontum Yium Zircorsum Nobum Molybdenum  Technetum Ruthenum Rhodum Palladum Siver
I I l 8 a8 83908 91224 92908 9595 98507 101.07 102908 10842 107,668
O r a I Z e 55 1 56 5771 72 73 74 7% 7% T 78 79
Csy Ba w=« Hf Ta W Re Os Ir Pt Au
Barum Tantakm Tungsten Osmum Indum Plateun Gold
A 137.328 17846 180648 18384 186.207 19023 war 195.085 106.967
87 88 03 104 106 106 107 108 109 10 m
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg
Radum Hassum  Memerum  Dammstadtum  Roenigenium
26025 [261) (262 (2%8) (284 12684 28] .} @72

68 70

ggPrNdeSmEqu'TbDyHoETmYbLu

Thudtum
167259 18894 173055

Praseodymum Neodymium  Promethiom  Samaum | Euopum  Gadolnim Dysprosium | Hoimaum.
140908 4265 144913 15036 151984 15125 158925 162500 184930

05

ppm

0

57 58 59 60 61 62 63 64 65 66 67 68 69 70 4l
Lal Cel Pr¥ Nd¥ PmN¥ Smy Eul Gdy Thw DyN Hol Erl Tm¥ YbW Lu
Lanthanum Cerium  |F dymi ymit F i Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Yterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967

D CEHPO S I ORF E Ny E R GLY R ES O URCE:S




How REE data are presented

Plot in F-block order
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How REE data are presented

Plot in F-block order
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How REE data are presented

Plot in F-block order
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Ligands

. . GeoChem vs REE total
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Conclusions

REE exist in solution and can be measured
60" isotopes show prolonged rock interaction
Geothermal gradient may be high due to coal
Each study area has a unique signature:

Eu - WRB, , HREE - Ash Ponds
Produced water have local HREE behavior
Total REE in wells may relate to ligands
Role of depositional environment
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Isotopes from Water-Rock
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Fig 9-1 Isotope exchange processes that can modify the isotopic composition of metcoric waters.
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Complex Transport

In Power stations the REEs may move with SO4
or OH? (basic)

In Produced waters the REEs may move with Cl
or (Bi)Carbonate (neutral acid)
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LOWTDS Brine High TDS Brine
[<4.5 g/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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Isotopes: 6C"

Show Formation even though REEs don’t
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Gd and MR

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

No hospitals 75ma (rock)
nor even ~2ka (water)

Gd (pmol/kg)

Recycled frac/mud?

1993 1994 1995 1996 1997 2000 2001 2004 2005 2013
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