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In Situ Recovery (ISR)
and reactive
transportation with

HYTEC
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ISR challenges

In ISR the miner never sees the deposit
Very hard to forecast the reservoir behavior
Impossibility to know what has really been recovered
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HYTEC double approach

1 — Reservoir hydrodynamics
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HYTEC double approach
2 — Chemical reactions between mineral and aqueous phases
. . .
Kaolinite (Al,Si,05(OH),) -'ssolution 50,2 MgCO
Uraninite (UOZ) 2 4 Fe Hcos NaAlOyq)
Cristobalite Thermodynamics N\
(alpha) ‘ equilibrium
+
Goethite Chemical kinetics
(FeO(OH)) ~
uo,* CaCl*
Calcite (CaCO,) Fe2+
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An integrated 3D modeling workflow

_ 4 Simulated h
Reactive production
\Q % transport » data

At technological block scale

* Uranium concentration in
production fluids

* pH of production fluids

U (mg/h

Geochemical

model

Reactive mineralogy

Gravity Flow .
Porosity * Uranium phase
Permeability » Carbonates
+ Clays
« lron sources %
Main reactions and kinetics P J
Well field geometry
Exploitation conditions with time
* Injection flow rates
+ Acidification rate
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Studied area:
TNU06-07-30-31
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Map of the technological wells and associated lines
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Uranium production (kg/d)

Uranium cumulated production (t)

Factual production of the Technological Zone
TNUO06_07_30_31_1000mg
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U prod (kg/d)

History matching results of the Technological Zone TNU06 07 _30_31_1000mg

pH and H2SO0s4 recovered in PR: Fact vs Simu
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U prod (kg/d)

History matching results of the Tehcnological Cell TNU06 04 08 B

pH and H:S0a recovered in PR: Fact vs Simu
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A fair match at the cell scale

Factual Uranium Production by Cell (t)
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Simulation Uranium Production by Cell (t)
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Forecast scenarios
(2019-2021)
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Uranium: location vs. production
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Looking for the best design

31-10-2019 - Uranium Mineral Mass Remaining (t)

Cells of level A Cells of level B

n

157600

» Capacity constraints
~ 20 cells
~ 250 m3h

157500

s
=}

157400

157300

T
w
S

e What criteria ?
Last [U]

Remaining reserves

157100

I
=3
31-10-2019 - Uranium Mineral Mass Remaining (t)

Simulated production
Global [U] simulated
NPV (KZT)

156900

-
o

156800

138300 138400 138500 138600 138700 138800 138300 138400 138500 138600 138700 138800
x(m) x(m)

orano



Design based on simulation results

S1) Simulation

S2) Simulation
of all cells

S3) Optimization
of best cells onl

of the scenario

Cells of level A

Cells of lovel B Cells of level A Cells of level B Cells of level all
” . |
157600 ¥l istideq \ } 157600 X
157500 b LD Y Y =& 4 157500 L2 "
A
. b .o . ts
gk A L 4 £l B S e e A"
= « Loa A vt b Ay = S, Ay o o SNy
L PP e @ Eh S At 157400 1 S g 1 g ot G N s T
- A Ay - W . b’ LR
kA . . oy e, e . ’ . Mg Oy
sl W ey ety Py e B
157300 LTk A 4 - 157300 } « & 1" 3 157300 o
. al® . . . atn ¥ okl |
. 1o 2 . .
. Sy L. 5 e 1 S
b Ts Tk ‘ e h % o i 1 * . s 157200 = - &
g " «l* 8 B - ¥ 1 7
. . H .
v Y .1=1%» i = e % = v ¥
i . Y. Y
5 - « Y . (o - W ]
157100 e P 157100 1 157100 .
. . .
. : .
- - *e . .
. i 1} 17
157000 oA 157000 + 1 157000 .
il o d ) X
s P §
- .
156500 . 1s4 | 156800 L4 |
» . . |
156800 R 156800 { 1 156800
138300 138400 138500 138600 138700 138800 138300 138400 138500 138600 138700 13880( 138300 138400 138500 138600 138700 138800 IB3I00 138400 138500 138600 136700 138800
xtm) x(m) xtm) im)
1

136300 138400 138500 138600 138700 138800
sm)

18



S1: All cells forecasted

Cells of level A

Simulation Uranium Production by Cell (t)
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S1: All cells forecasted

Daily costs (#/d)
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OPEX of the Technological Zone TNUO6 07 30 31

7000 A =
Acid expenses (#/d)
6000 - — Plant treatment (#/d) Los
RO Support expenses (#/d)
Y = -~ Commercial expenses (#/d)
5000 - ’,—” —— Pumping PR expenses (#/d) | 205
- -—- Cumulated OPEX (##) Y a
4000 T &
L1585
- =
3000 - - =
=
F1.0 E
5
2000 A 6]
F 0.5
1000 A
0 1 | 0.0
\) ) A A A
20 & Nl e 207 02
A9 i o> S piy 1%
Date

20



£
:

157600

157500

157400

157300

157200

157100

157000

156900

156800

S2: 23 best cells kept
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Daily costs (#/d)
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S2: 23 best cells kept

OPEX of the Technological Zone TNU06_07_30_31
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157600

157500

S3: Optimization examples

S3-1: Keep only level B
producers as injectors
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[U] (mg/1)

S3: Optimization examples

« After 2 years with 18 cells:

« >175t of U produced and > 65 [U] (mg/l) & good concentration

S3-1: Keep only level B producers as

injectors
[U] in PR and U production forecasted
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injectors
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Simulation Uranium Production by Cell (t)

S3: Optimization examples

S3-1: Keep only level B producers as

S3-2: Transform all level B as
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S3: Optimization examples

orar..

Cash Flow (#

Cash Flow and Net Future Value (NFV)
of the Technological Zone TNU06 07 _30_31
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Conclusions

« Complete approach
Geology + reserves

Operational parameters

* Hytec reliability
Long history (10 y)
Several main events (4 blocks)
Cell scale
Multi-levels

* Short term optimization suited
Well scale
Producer - injector

Investigate gravity effects

orano

Allow scenarios economic
analysis
U production

Acid consumption

Powerful decision helper tool
when used multi-step
Where the uranium remains
Base case scenario
Respect of the technical constraints
Local optimization at the well scale

Usage complementary criteria ([U],
production, NPV, ...)
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Giving nuclear energy its full value



