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Presentation #3

» Solid-phase geochemistry, uses data from
U.S Geological Survey Open-File Report

2013-1093

— Johnson, R.H., Diehl, S.F., and Benzel, W.M., 2013, Solid-phase
data from cores at the proposed Dewey Burdock uranium in-situ
recovery mine, near Edgemont, South Dakota: U.S. Geological
Survey, Open-File Report 2013-1093, 13 p.

( )
» Part of presentation to the EPA on February
22, 2012 and part of presentation to USGS
uranium group on March 6, 2012
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Solid-phase geochemistry at the
Proposed Dewey Burdock
Uranium In-Situ Recovery Mine,

Edgemont, South Dakota

By Raymond H. Johnson
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This presentation

« Summarize new USGS solid-phase data
collection from cores
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Solid-phase Geochemistry

Total carbon and total sulfur
Whole rock (majors and trace elements)
X-ray diffraction

Thin sections, Scanning Electron
Microscopy

Key to think about — can we get samples
to analyze reducing capacity that are
equivalent to “out in front” of the ore zone

“Out in front” being on the reducing side of a redox front, but with no uranium ore.
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Study Goals

* Resources side
— Roll front formation processes

 Environmental side

— Can we get samples to analyze reducing
capacity that are equivalent to “out in front” of
the ore zone

— Need to simulate post-mining reactions
(natural attenuation)
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Main Reactions

« At “clean” recharge zone
— Calcite and gypsum dissolution
« At a reduction front
— Pyrite oxidation to iron oxyhydroxides
— Organic carbon oxidation
— Acidity dissolves calcite (if present)
If reaction proceeds far enough — get gypsum precipitation

— Uranium, vanadium precipitation at reduced front
— K-feldspars weathering to kaolinite (roll front related?)
» Downgradient from mining zone
— Need enough pyrite to oxidize any leftover oxygen
— If reducing enough — get uranium/vanadium precip.
— Need pyrite content, reducing capacity, and distribution!!!
— Basically a new roll front

These are generalized roll front reactions that also apply to the Dewey Burdock area.
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Dewey Area
Depth (ft)
475
Fall River

Fuson

Lakota Formation
Chilson

Morrison

Unkpapa

Diagram of stratigraphy.



Slide 8

Fall River Solid-Phase Oxidation Front

Maps are from NRC License Application and permission by
Powertech (USA) Inc. and Frank Lichnovsky

Black circle indicates coring location.
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Dewey Area
Depth (ft)
475
Fall River

687

=

Fuson

Chilson

Morrison

Unkpapa

Core locations are indicated by the blue crosses.
Cores were taken from monitoring wells 681 (core 32-3C) and 685 (core 32-4C).
Black line indicates cross section location that is provided in the next slide.
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U and V (in ppm): Fall River - Dewey

DBO7
Upper Fall River UV 324C oo s

100 116 ® 550
24 312 @

1020 180 @

_ 9810 38600 g
Fall River 941 400 @ 570

6.67 642 ® Well

#685 580

560

16.3 956 @

Reduced 344 582 ® )

600

This and subsequent diagrams are cross sections with locations of solid phase
samples, well screen depths, stratigraphy, and sample results.

All well screens (rectangles with lines) and sample locations are drawn to scale in this
and all further slides.

Current groundwater flow here is coming approximately out of the page.
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U and V: Fall River - Dewey

DBO7
DB07 _

Reduced 550
Sand with

Low U and 560
Low V

Fall River

Low U,
Reduced Leftover :

V oxides

Low U,
® Leftover

A /V oxides

Green boxes indicate good reduced samples with no uranium deposit, which are good
“out in front” of the roll front equivalents.
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234U/238U: Fall River - Dewey

DBO7
1SD = up to 0.02 Upper Fall River 32-4C penth (it

[ 550
560

Fall River 570

580

White box at well screen indicates uranium isotope value in groundwater.
SD = standard deviation.
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C and S (in %): Fall River - Dewey

DBO7
Upper Fall River C S 324C ponin sy

3.73 0.031® 550
463 0.950 @

1.89 0427 @

iR 0.577 0.824 o .
all River 0.943 <0.01 @ 57
83? 32-3C 0.298 <0.01 @

mg/L 580
0.999 <0.01 @

® 0.382 0.017
Reduced 0.292 <0.01® )

® 0.475 0.407 DOC

® (0.366 <0.01 0.37 600
mg/L

560

DOC = dissolved organic carbon.
White box at well screen indicates DOC value in groundwater.
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C and S : Fall River - Dewey

DBO7
DB07 _

[ ) 550

560

Fall River 570

Well

No S
’ #685
Lower 580

00 0

590

Simplified summary slide for C and S, with influence of oxidized zone.
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C (%) and Ca (ppm): Fall River - Dewey

DBO7
Upper Fall River C  Ca324C oo sy

3.73 113000@® 550

4.63 118000 ®
560

1.89 55700 @

_ 0.577 17800 o
Depth 228_ gé Fall River 0.943 26600 @ 570

0.2987150 @ Well

Well
#6817 C  Ca #8500

585 0.999 25800

® 0.382 10600
Reduced 0.2927930 590

® 0.475 12800
600 ® 0.366 9830 600

(ft)

610
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XRD Calcite: Fall River - Dewey

C and Ca can be ~ DBO7
accounted for in calcite RS I=IAE N0y C Calcite 32-4C Depth (ft)

3.73 31 ® 550
463 37
1.89 1

Depth DBO7 0.577
(ft) 32-3C

560

0]

; 4
Fall River 0943 7 0
0298 4 Sat. within

Sat. within error

e C Calcite %
585 0.999

® 0.382 4
Reduced 0.292 590

® 0475 4
600 ® (0.366 3

610

Sat. within error = analyses in these wells for calcite indicate fully saturated (i.e., in
equilibrium), within analytical error.
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XRD Pyrite: Fall River - Dewey

DBO7
S 32-4C

Upper Fall River % pyrite
tr
0.5
0.6

0.9
DBO7 ;
Depth e Fall River

() Well
#681

°

® 05 0407
® <0.01

% Pyrite s
585

Sulfur % listed for reference.
Maijority of sulfur is accounted for by pyrite.

0.031 ®
0.950 ®

0.427 ®
0.824 o
<0.01 ®
<0.01 ®

<0.01 ®
<0.01 @

Depth (ft)

550

560

570
Well

#685 580

590

600
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Gypsum XRD: Fall River - Dewey

DBQ7
Upper Fall River 32-4C Depth (ft)

[ 550
560
Depth Fall River 570

(ft) DBO7
32-3C 580

585
Reduced 590

-1.17 e

White box at well screen indicates calculated gypsum saturation index in groundwater.
In the Dewey area, only one sample had a trace of gypsum.
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Dewey Summary and Interpretations

Majority of U isotopes ratios in the solid phase are
near one, indicating very little ore movement in the
last 1-2 million years (influence of Dewey fault
zone?)

Solid phase carbon content is accounted for by
calcite

High vanadium content in the solid phase

Sulfur content is accounted for by pyrite (around 0.5
wt. % in reduced zones) and possibly some trace

gypsum
Key indicators of the oxidized zone

— Very low sulfur content (pyrite oxidized to
hematite)

— Red color in cores (oxidized iron)
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Chilson Solid-Phase Oxidation Front

From NRC License Application and permission by Powertech
(USA) Inc. and Frank Lichnovsky

White circle indicates core location.

Southeast pointing arrow indicates paleogroundwater flow direction for roll front
formation and southwest pointing arrow indicates current groundwater flow direction.
Large oxidized zone on the east side was added as a reasonable interpretation that the
outcrop zone of the Chilson is oxidized (no core is available in this area).
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Burdock Area

Depth (ft)
130
Fall River

Fuson

11-11&4C Chilson

+*

11-16C 682

+ 11-14C E

Morrison

Unkpapa

Core locations are indicated by the blue crosses.

Cores were taken from monitoring wells 680 (core 11-11C and 11-4C) and 684 (core 11-
14C). 11-16C was an independent core hole.

Black line indicates cross section location that is provided in the next slide.
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U and V (in ppm): Chilson - Burdock

DB0O7- DBO7- DBO07- DBO7-
11-11C 11-4C 11-16C 11-14C

Fuson @ 7.35 475

Depth (ft)
Upper Chilson ® 122 14.7

3900 @ 2.79 65.1 390

400 Chilson Shale

410We|| ® 9.04 5.80

® 235 189

430 E ® 447 6.0
Reduced

440 ® 96.0 9.4 ® 95.7 12.6
® 49487 ® 186 12.1

Reduced

450

Morrison

This and subsequent diagrams are cross sections with locations of solid phase
samples, well screen depths, stratigraphy, and sample results.

All well screens (rectangles with lines) and sample locations are drawn to scale in this
and all further slides.

Current groundwater flow here is coming approximately right to left, parallel with the
page.

Data from the Fuson and Upper Chilson Members of the Lakota Formation are provided
in the upper left corner, but depth is not to scale.
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U and V (in ppm): Chilson - Burdock

DB0O7- DBO07- DBO07- DBO7-
11-11C 11-4C 11-16C 11-14C

Fuson @ Reduced Depth (ft)

Upper Chilson @ Sand with

Low U and 390
390 @ Low V

400 Chilson Shale

41 0WeII

#680

O Low U, Low U,

) Leftover Leftover
430

( ] . .
Reduced V oxides V oxides

® Reduced Best ore
()

Morrison

Green boxes indicate good reduced samples with no uranium deposit, which are good
“out in front” of the roll front equivalents.
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2341J/238: Chilson - Burdock

DB0O7- DBO7- DBO07- DBO7-
11-11C 11-4C 11-16C 11-14C

Fuson @ 0.848
Upper Chilson ® 0.817

Depth (ft)

390 @ 0.988 390

400
400 Chilson Shale

234238 RN 407 P

0.976
® 1.19 115
420

1.95

410

® 1.26

1.20
430 E ® 0.766 430

Reduced 1.07

Reduced 0.733
® 1.085 ® >3 '

450 1.01

Morrison

450

White box at well screen indicates uranium isotope value in groundwater.
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C and S (in %): Chilson - Burdock

DB0O7- DBO7-
11-11C 11-4C

Fuson @ 0.104 0.183
Upper Chilson ® 0.113 0.222

390 @ 0.5620.179

400 Chilson Shale

410 [

420
® 0.175 0.557
430 E ® (0.055 0.235
Reduced
440 @ 0.117 0.223

® 0.126 1.252
450

DBO07-
11-16C

® 0.114 0.399

® 0.099 0.012

e 0.083 0.102

® (.118 0.919

Morrison

DBO7-
11-14C

Depth (ft)

390

DOC ]
= 1.46
C mg/L 1P

0.405 0.505 @
0.496 0.292 ®
420

0.068 <0.01 ®
0.071 0.017 @ 439
0.059 <0.01 ®
0.212 0.682® 440

Reduced (072 0.368 @

450
0.893 0.251 @

White box at well screen indicates dissolved organic carbon (DOC) value in

groundwater.
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C and S: Chilson - Burdock

DB07- DBO07- DBO07- DBO7-

11-11C 11-4C 11-16C 11-14C
Fuson e Depth (ft)
Upper Chilson  J

390 @ 390

400 Chilson Shale

41 0WeII

#680
o

) No S,

430 E () Lower C
Reduced

® Reduced Best ore
()

Morrison

Simplified summary slide for C and S, with influence of oxidized zone.
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XRD Calcite: Chilson - Burdock

DB0O7- DBO7- DBO07- DBO7-
11-11C 11-4C 11-16C 11-14C

Fuson @

—_— Depth (ft
Upper Chilson ° None Detected pth (ft)

300 @ C is mostly organic carbon? 390

400
400 Chilson Shale Sat. within

error 410

410
Sat. within = E
error
420 ® 420

®
o E S )
Reduced
()

440
Reduced
()

450
Morrison

Sat. within error = analyses in these wells for calcite indicate fully saturated (i.e., in
equilibrium), within analytical error.



Slide 28

Pyrite and S (in %):
DB0O7- DBO07- DBO7-
11-11C 11-4C 11-16C
o 0.183
Upper Chilson ® 05

0.179

Fuson
0.222

390 @ fr

400 Chilson Shale

41 0WeII

#680
420 @ 0.265

® 04 0557
430 E ® 02 0235
440

Reduced
® 04 0.223

® 0.8 1.252

() 0.102

® 05 00919

450

Morrison

: Chilson - Burdock

DBO7-
11-14C

Depth (ft)

390

400
Well

#684 410

E 420

430

Pyrite S

0.5 0.505e@

0.292 ®
<0.01®
0.017 @
<001 e®

0.682 ®
0.368 ®

0.6 440

Reduced 0.3

450
0.251 @

Much of the total sulfur amount can be attributed to pyrite and gypsum (next slide).
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XRD Gypsum, S (in %): : Chilson - Burdock
DB07- DBO7- DBO07- DBO7-
11-11C 11-4C 11-16C 11-14C

Fuson . 0.183 Depth (ft)
Upper Chilson () 0.222

300 @ 0.179 390

400

-0.22
410

410 1 0505@
_ 2 0292 @ E
<0.01® HZL

Reduced <0.01e

0.102 0.682 ® 440
440 @ g Reduced 0.368 @
) 1.252 0.919 '

450 0.251 ®

Morrison

400 chilson Shale
Gypsum S

450

Much of the total sulfur amount can be attributed to pyrite (previous slide) and gypsum.
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Calcium (ppm) and Calcite (wt %): Chilson - Burdock

DB0O7- DBO7- DBO07- DBO7-
11-11C 11-4C 11-16C 11-14C

Fuson @ 1620 0.40
Upper Chilson ® 236 0.059 Max. calcite amounts

Depth (ft)
390 @ 4830 1.21

400 Chilson Shale Well

Eleie Ca Calcite #684

410 2060 All gyp®u
;/ggg ® 326 0.081 1730 All gypeu

420 ; S 222 0.055@
® 165 0.041 ’ 241 0.060 ® 430

® 201 0.050
430% Soduced 384 0.096 @

440 ® 211 0053 © 333 0.083 585 All gyp®um 440
| Reduced 415 Al gypeum
® 571 014 @ g44 0.16

450 2150 054 @

Morrison

420

450

Calcite was not detected in XRD data above trace amounts. This slide shows calcium
concentrations in the solid phase (whole rock data) and calculates the maximum calcite
amount based on calcium concentration (whole rock data) minus calcium accounted for
in gypsum (from XRD data).
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Burdock Summary and Interpretations

« Many U isotope values are less than one and indicate
ore zone depletion of uranium in the last 1-2 million
years

— Indicates “recent” oxygen contact — unlike Dewey

Carbon content is mostly organic carbon with very little
calcite

— Key difference from Dewey

Lower vanadium content

Sulfur content accounted for by pyrite (around 0.5 wt. %
in reduced zones) and some gypsum

Key indicators of an oxidized zone

— High vanadium/uranium ratio (vanadium oxides)

— Very low sulfur content (pyrite oxidized to hematite)
— Red color in cores (oxidized iron)
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Overall Solid-Phase Geochemistry
Summary and Interpretations

No big surprises, so far

Key indicators of an oxidized zone

— High vanadium/uranium ratio in Burdock cores
(vanadium oxides)

— Very low sulfur content (pyrite oxidized to hematite)

— Red color in cores (oxidized iron)

All the data match up nicely: visual core logs,
geophysical logs, and geochemical samples

Good co-location of solid-phase and
groundwater samples

These data will be used in reactive transport
modeling
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