DISPOSAL SYSTEM
' ANALOG

CIGAR LAKE URANIUM
DEPOSIT
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CANADA

Uranium deposits

1 Cigar Lake

2 Midwest

3 McClean Lake
4 Rabbit Lake

5 Collins Bay

6 McArthur River
-7 Key Lake

8 Cluff Lake




5
R i T
Skl oyt
L SR

NG WE

-i"%#a-":féﬂ 5

Lanid

it

# 8 L




Ci gar Lake
Uranium Deposit

Ll _ e . Waterbury
- Lake

OVERBUR




High-grade UQO, ore

Multiple barriers
- Clay matrix
- 430 m Sandstone

Water saturated

Surrounded by aquifer

No surface signature

No environmental impact
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ANALOG STUDIES
AT CIGAR LAKE

UQO, STABILITY AND DISSOLUTION
RADIOLYSIS

COLLOIDS

CLAY SEALING

GROUNDWATER CHEMISTRY
ORGANICS AND MICROBES
RADIONUCLIDE MIGRATION

36C1-99Tc-1%°1-2Py GEOCHEMISTRY
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A Artesian hole.
Fs' Overburden piezometer

2! Bedrock piezometer
0 m 200
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CIGAR LAKE U-DEPOSIT
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~ Evolution of Cigar Lake Groundwaters

= Overburden C = Altered Sandstone
Sandstone Upstream D & E = Mineralization

Log pCO, =-2.0

{S021=272x 10"
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* SANDSTONE PROFILE HOLE 196
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Uranium content wt.%
O 10 20 30 40 50

ORE ZONE
Hole 220

L]

Sandy / Rubble

Clay rich
Distinct U min.

U mineral rich

Massive U ore

unconformity

438.5

433 IR

Av.grade /6 m
119wt.% U




CIGAR LAKE MINERAL PARAG:

STAGE

-":';

Uraninite

Mllite

Ni-Co-Fe Arsenides/Sulphides

Uraninite + Pitchblende

Poly-metallic Arsenides/Sulphides
Sudoite
Siderite

Pitchblende + Coffinite

Fe-Pb Sulphides
Hematite

11362 - 1287

320 - 293













COMPOSITION OF
CIGAR LAKE U-ORE

XPS : U /U* up to 0.57 (~U,0,)

XRD: U02 - U409 - U307

Uranium oxidation has not
proceeded beyond U02_33 (U307)
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ANALOGS FOR
USED FUEL DISSOLUTION

U0, o a-fiekld
H,-sat. DW
100°C

Used Fuel Cigar Lake Ore
Reducing GW Reducing GW
100°C 8-10°C




URANINITE STABILITY IN
U-DEPOSIT ANALOG SITES

$A

U(VDaq

[ OXIC CONDITIONS )
[U], = 107% - 107
[U], =107 - 107

OXIDATIVE
DISSOLUTION
THRESHOLD
[Uly =10%- 107

U], =10%-10"

. /

(ANOXIC CONDITIONS)
[U]l,=10%-10
[U},=10"-107

[U], = 4x10*

Cigar Lake:
A = mincralization

B = hasenwent and
sundstone

C =clay halo

1 =0klo

2 = Palmottu

3= ARAP

4 = Pogos de Caldas
5 = Pefia Blanca

6 = Shimkolobwe




CIGAR LAKE GROUNDWATERS

STRATIGRAPHY: ’ FLOW REGIMES:
Precipitation

SEMI-REGIONAL

BASEMENT
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00 150
Tritium (T.U.)




SANDSTONE

Unconformity

35Cl

CIGAR LAKE U-DEPOSIT
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SANDSTONE

BASEMENT

= %C1/Cl x 10"

B U mineralization [T | Low-permeableclay [[ii]] Permeable zone




LOW FLUX OF WATER
THROUGH ORE ZONE

direct observations from underground drilling

low measured hydraulic conductivity < 107 m/s
— residence time for groundwater 2-8 x10* a

no kaolinite in ore zone — low mass transport
(i.e. no illite alteration)

effective redox buffering
36Cl-residence time for groundwater > 10° a
14C-age of dissolved humic fraction > 1.5 x10*a

U-series dating of suspended particles ~8 x10° a
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