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ABSTRACT

The disclosure provides methods and systems for recovering a target mineral from a mineral-bearing
deposit. One or more first wells and one or more second wells are drilled into the deposit, each well
having a substantially vertical section and a substantially horizontal section, the horizontal section of
the second wells located above the horizontal section of the first wells. At least one channel from the
horizontal section of each first well toward the horizontal section of the second wells is established.
A fluid is injected into the deposit from the horizontal section of the first wells to form one or more
slots. A brine is recovered from the horizontal section of the second wells, forming a cavity. A salt
solution is then injected into the cavity from the horizontal section of the second wells and a target
mineral-enriched solvent is recovered from the first wells.
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METHODS AND SYSTEMS FOR RECOVERING A MINERAL FROM A MINERAL-BEARING
DEPOSIT

FIELD

[0001] This disclosure relates to methods and systems for solution mining a target mineral in
a mineral-bearing deposit. In particular, the disclosure relates to methods and systems for
solution mining a target mineral in a mineral-bearing deposit by increasing the available or

mineable surface area in the deposit.

BACKGROUND

[0002] Potash is a salt that contains potassium in water-soluble form, for example, potassium
chloride. A large percentage of the occurrences of “potash” are natural deposits of sylvinite.
Sylvinite, an association of halite (NaCl) and sylvite (KCI), is found in deposits often deep below
the surface. Sylvinite deposits typically comprise from about 15% to about 45% KCIl. Beds of
sylvinite are often sandwiched between layers of more or less potash-free salt in a deposit. More
than one bed of sylvinite separated by salt beds is common and the composition of each sylvinite
bed may vary substantially from those above and below. Even within a bed, the potash content
may vary from top to bottom of the bed. Within the salt and sylvinite beds there may also be
relatively thin layers of clay and other soluble and insoluble minerals.

[0003] There are large sylvinite deposits in the United States, particularly in North Dakota,
Michigan, Utah and New Mexico, and western Canada, particularly in Saskatchewan. These
deposits are often about 3,000 feet to about 8,000 feet below the surface. Other potential
reserves are deeper or closer to the surface. The saline layer (mixed layers of sylvinite and salt)
may vary in thickness from several feet to about 500 feet. The sylvinite ore lies in one or more
beds ranging in thickness from about 10 feet to about 70 feet. The ore is often overlain with one
or more aquifers or porous strata containing water.

[0004] Deposits shallower than about 3,500 feet are usually exploited by conventional shaft
mining. Deposits greater than about 3,500 feet cannot be exploited by shaft mining due to
instability of the rock at this depth and pressure, and the cost and risks of sinking a shaft through
the aquifer(s) to them, and must be exploited by solution mining. In solution mining, a solution
mining cavity is normally established at a convenient level within the deposit to be mined, as is
known to a person of ordinary sKkill in the art. The feed to the solution mining cavity, also referred
to as the extracting solution, the aqueous solvent, the solvent, the aqueous extracting solution or

the feed, may be either substantially pure water or a dilute aqueous solution of sodium chloride,
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a dilute aqueous solution of potassium chloride or a dilute aqueous solution of potassium chloride
and sodium chioride. As the feed of solvent is introduced to the cavity, it dissolves potassium
chloride and sodium chloride from the strata forming the cavity walls, and forming a working
solution. When a solvent that is dilute in potassium chloride and rich in sodium chloride is fed to
a cavity in contact with KClI strata, an effluent solution will be recovered containing a substantially
higher ratio of KCI to NaCl than the solvent. The effluent is withdrawn from the cavity to the
surface. At the surface, the KCI is concentrated and recovered. This may be accomplished by
feeding the effluent to an evaporation pond, a cooling pond, or to an evaporator-crystallizer circuit
where KCl is recovered from the cavity effluent.

[0005] The techniques described above have multiple variations, for example, one or more
wells may be sunk into the saline layer. Where two spaced-apart wells are sunk, several
techniques have been used to develop communication between the bottoms of the wells so that
solvent may be pumped down one well and enriched solvent recovered up through the other. In
some instances, the subterranean formations may be fractured by hydraulic pressure, that is, by
lifting the overburden and the saline deposit to create a passage at the base of the saline deposit
(see, for example, US2,847,202). In extremely deep saline beds, hydraulic fracturing is difficult
and the communication may be established by solution mining the underlying salt deposits at the
base of each bore until the cavities created thereby are joined (see, for example, US3,096,969).
Once communication has been established, fresh water or brine is pumped down to the saline
layer and back up to the surface as a brine enriched with KCI. On the surface, the KCI can be
precipitated and crystallized from the brine by cooling.

[0006] It is desirable to increase the potash loading of the solvent from a potash mine. The
KCI loading of the solvent is dependent upon the solubilities of salt and potash in water. These
are interdependent and temperature dependent. However, in general, the rate at which salt
enters solution is greater than the rate at which potash enters solution. This is due to the relative
amounts of each present in the ore. Several techniques have been suggested for increasing the
KCl loading of solvents from sylvinite deposits. The temperature of the solvent can be increased,
thereby increasing the theoretical KCI loading of the brines (see, for example, US2,161,800).
While this has been suggested for some time, it has not been commercially practical in normal
cavities. Selective mining of KCI by introducing solvent saturated in NaCl or by allowing a portion
of the brine in the cavern to become saturated with NaCl while still in contact with KCl-rich ore
below the point of NaCl saturation has also been suggested as another method to increase the
potash loading of the effluent. Increasing the residence time of the brine in the cavity is impractical

due to the very slow rate of selective mining on the sidewalls of a normal cavity. Finally, it has
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been suggested to increase the surface area exposed to the solvent by creating a rubble pile of
KCl-rich ore on the floor of the cavity resulting from staged caving of the cavity roof (see, for
example, US3,148,000).

[0007] Thus, there remains a need for methods and systems to increase the target mineral
loading of a extraction solvent used for solution mining a mineral-bearing deposit, such as the KClI

loading of solvents from sylvinite deposits.

SUMMARY

[0008] In various aspects, the present disclosure is directed to methods for recovering atarget
mineral from a mineral-bearing deposit, the methods comprising: drilling one or more first wells
and one or more second wells in the mineral-bearing deposit, the one or more first wells and the
one or more second wells each having a substantially vertical section and a substantially
horizontal section, the horizontal section of the one or more second wells vertically off-set from
the horizontal section of the one or more first wells, the horizontal section of the one or more
second wells above the horizontal section of the one or more first wells as viewed from a
longitudinal-elevation side-view; establishing at least one channel from the horizontal section of
each of the one or more first wells toward the horizontal section of the one or more second wells;
injecting a fluid into the mineral-bearing formation from the horizontal section of the one or more
first wells adjacent to each of the at least one channels to form one or more slots; recovering brine
from the deposit through the horizontal section of the one or more second wells to form a cavity
in the deposit; injecting a salt solution into the cavity from the horizontal section of the one or more
second wells to cause selective dissolution of the target mineral; recovering a target mineral-
enriched solvent from the horizontal section of the one or more first wells; and recovering the
target mineral from the target mineral-enriched solvent.

[0009] In various aspects, the present disclosure is directed to systems for recovering a target
mineral from a mineral-bearing deposit, the systems comprising: one or more first wells and one
or more second wells in the mineral-bearing deposit, the one or more first wells and the one or
more second wells each having a substantially vertical section and a substantially horizontal
section, the horizontal section of the one or more second wells vertically off-set from the horizontal
section of the one or more first wells, the horizontal section of the one or more second wells above
the horizontal section of the one or more first wells as viewed from a longitudinal-elevation side-
view; at least one channel extending from the horizontal section of each of the one or more first
wells toward the horizontal section of the one or more second wells; a fluid for injecting into the

mineral-bearing deposit from the horizontal section of the one or more first wells adjacent to each
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of the at least one channels to form one or more slots, wherein the fluid dissolves salt and brine
is recovered from the mineral-bearing deposit through the horizontal section of the one or more
second wells, thereby forming a cavity in the mineral-bearing deposit; and a salt solution for
injecting into the cavity from the horizontal section of the one or more second wells to selectively
dissolve the target mineral and form a target mineral-enriched solvent that is recovered from the
horizontal section of the one or more first wells, wherein the target mineral is recovered from the
target mineral-enriched solvent.

[0010] In various embodiments, the horizontal section of the one or more second wells is
laterally off-set from the horizontal section of the one or more first wells, as viewed from a lateral-
elevation side-view.

[0011] In various embodiments, the fluid is injected into the mineral-bearing deposit in a
direction perpendicular to the horizontal section of the one or more first wells.

[0012] In various embodiments, each of the one or more slots extends vertically from the
horizontal section of the one or more first wells.

[0013] In various embodiments, the target mineral is potash.

[0014] In various embodiments, the at least one channel is a directionally drilled borehole.
[0015] In various embodiments, the mineral-bearing deposit is hydro-fractured from the
horizontal section of the one or more first wells, wherein the at least one channel is a fracture.
[0016] In various embodiments, each of the at least one channels is in communication with
the horizontal section of one of the one or more first wells and the horizontal section of one of the
one or more second wells.

[0017] In various embodiments, one first well and one second well are drilled in the mineral-
bearing deposit.

[0018] In various embodiments, two first wells and one second well are drilled in the mineral-
bearing deposit.

[0019] In various embodiments, the second well is laterally between the two first wells as
viewed from a longitudinal-elevation side-view.

[0020] In various embodiments, three first wells and one second well are drilled in the mineral-
bearing deposit, one of the three first wells substantially underneath the second well as viewed
from a longitudinal-elevation side-view.

[0021] In various embodiments, the one or more second wells is at or adjacent to a top of the
mineral-bearing deposit.
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[0022] In various embodiments, the one or more first wells is at or adjacent to a bottom of the
mineral-bearing deposit.

[0023] In various embodiments, a heel of the one or more first wells is below the bottom of
the mineral-bearing deposit.

[0024] In various embodiments, the fluid for forming the one or more slots comprises water.
[0025] In various embodiments, the fluid for forming the one or more slots consists of water.
[0026] In various embodiments, the fluid for forming the one or more slots does not include a
roof control fluid.

[0027] In various embodiments, two or more channels are established in the deposit and
portions of the cavity from the two or more channels are non-communicating.

[0028] In various embodiments, the salt solution is a saturated or near-saturated salt solution.
For example, the salt solution may be a saturated or near-saturated NaCl solution.

[0029] In various embodiments, the vertical sections of the one or more first wells and the
one or more second wells are drilled on a same side of the mineral-bearing deposit.

[0030] In various embodiments, the vertical sections of the one or more first wells and the
one or more second wells are drilled on opposite sides of the mineral-bearing deposit.

[0031] In various embodiments, the horizontal sections of the one or more first wells and the
one or more second wells are parallel as viewed from the longitudinal elevation view.

[0032] In various aspects, the present disclosure is directed to a target mineral recovered
from a mineral-bearing deposit by a method or using a system as disclosed herein.

[0033] Other aspects and features of the present invention will become apparent to those of
ordinary skill in the art upon review of the following description of specific embodiments of the
invention in conjunction with the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] In drawings which illustrate embodiments of the disclosure,

[0035] Figure 1 is a perspective view of a well arrangement for a method according to an
embodiment of the invention.

[0036] Figure 2 is a longitudinal-elevation side-view of a well arrangement for a method
according to a further embodiment of the invention.

[0037] Figure 3 is a lateral-elevation side-view of the well arrangement of Figure 1.

[0038] Figure 4 is a perspective view of a well arrangement for a method according to an

embodiment of the invention showing at least one channel.
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[0039] Figure 5 is a lateral-elevation side-view of the well arrangement of Figure 4.

[0040] Figure 6 is a perspective view of a well arrangement for a method according to an
embodiment of the invention showing an alternative configuration for the at least one channel.
[0041] Figure 7 shows a perspective view of a well arrangement for a method according to
an embodiment of the invention and a lateral elevation side-view of a growth pattern (a-d) of
fractures in a mineral-bearing deposit, the factures forming the at least one channel according to
an embodiment of a method of the invention. The fractures are initiated (a) from a horizontal
section of a first well, (b) and (c) show propagation of the fractures, and (d) shows that
communication is established with a horizontal section of a second well.

[0042] Figure 8 is a perspective view of a well arrangement for a method according to an
embodiment of the invention showing formation of a portion of a cavity in the deposit.

[0043] Figure 9 is a lateral-elevation side-view of the well arrangement of Figure 6.

[0044] Figure 10 is a lateral-elevation side-view showing flow of fluid through the deposit
following injection of the fluid from the horizontal section of the one or more first wells adjacent to
the at least one channel to form one or more slots and then a cavity of a portion of the cavity.
[0045] Figure 11 is a perspective view of a well arrangement for a method according to an
embodiment of the invention showing formation of portions of the cavity in the deposit. In various
embodiments, the portions do not overlap one another.

[0046] Figure 12 is a perspective view of a well arrangement for a method according to an
embodiment of the invention showing formation of further portions of the cavity in the deposit.
[0047] Figure 13 is a lateral-elevation side-view of the well arrangement of Figure 10.
[0048] Figure 14 is a perspective view of a well arrangement for a method according to an
embodiment of the invention showing formation of portions of the cavity in the deposit. The well
configuration comprises three first wells and one second well.

[0049] Figure 15 is a lateral-elevation side-view of the well arrangement of Figure 12.
[0050] Figure 16 is a perspective view of a well arrangement for a method according to an
embodiment of the invention showing formation of a cavity in the deposit with a target-mineral
enriched solvent being recovered from the horizontal section of the one or more first wells. The
well configuration comprises two first wells and one second well.

[0051] Figure 17 is a lateral-elevation side-view showing flow of target mineral-enriched
solvent from the horizontal section of the one or more second wells to the horizontal section of
the one or more first wells.
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DETAILED DESCRIPTION

[0052] In the context of the present disclosure, various terms are used in accordance with
what is understood to be the ordinary meaning of those terms.

[0053] The term “potash” refers to potassium chloride.

[0054] Disclosed embodiments include solution mining methods and systems for selectively
mining a target mineral from a mineral-bearing deposit by increasing a mineable surface area in
the deposit. The target mineral may be potash or other minerals such as carnallite, or langbeinite,
amongst others. In various embodiments, recovery of the target mineral is increased compared
to previous methods as the methods described herein increase the available or mineable surface
area in the deposit. By increasing the available or mineable surface area in the deposit, there is
an increased area from which the target mineral can be dissolved.

[0055] In various embodiments, the methods described herein for recovering a target mineral
from a mineral-bearing deposit comprise: drilling one or more first wells and one or more second
wells in the mineral-bearing deposit, the one or more first wells and the one or more second wells
each having a substantially vertical section and a substantially horizontal section, the horizontal
section of the one or more second wells vertically off-set from the horizontal section of the one or
more first wells, the horizontal section of the one or more second wells above the horizontal
section of the one or more first wells as viewed from a longitudinal-elevation side-view;
establishing at least one channel from the horizontal section of each of the one or more first wells
toward the horizontal section of the one or more second wells; injecting a fluid into the mineral-
bearing deposit from the horizontal section of the one or more first wells adjacent to each of the
at least one channels to form one or more slots; recovering brine from the formation through the
horizontal section of the one or more second wells to form a cavity in the deposit; injecting a salt
solution into the cavity from the horizontal section of the one or more second wells to cause
selective dissolution of the target mineral; recovering a target mineral-enriched solvent from the
horizontal section of the one or more first wells; and recovering the target mineral from the target
mineral-enriched solvent. In various embodiments, the one or more slots are vertical slots. In
various embodiments, the target mineral is dissolved from the exposed surface of the walls of the
one or more slots in the cavity.

[0056] In various embodiments, the methods described herein are selective mining methods
and processes for potash and/or other target minerals. The term “selective mining” refers to a
process for dissolving a target mineral from a deposit over some period of time without, at the

same time, dissolving all of the salt associated therewith. For example, the term “selective mining
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for potash” refers to a process, system or method for dissolving KCI from a sylvinite deposit over
some period of time without, at the same time, dissolving all of the salt associated therewith.
[0057] Under solution mining conditions, selective solution mining of KCI on the side walls of
a cavity proceeds at a slower rate than the rate of nonselective solution mining of the entire saline
layer. If KCl is mined non-selectively, the cavity is enlarged, thereby risking a cave-in of the cavity
and possibly a surface subsidence. With selective mining of KCI, only KCl is removed, and the
cavity is not enlarged. Rather, a porous salt layer surrounding the cavity is formed. In various
embodiments, a brine solution may be used to only remove KCI from the cavity. Selective mining
also avoids the need to dispose of large quantities of salt brine after removal of the KCI since
brine from which the KCI has been removed can be recycled back to the cavity/cavities for further
enrichment with KCI through further selective mining. Since the potash loading may be
considerably higher for brines recovered from selective mining, the size of the cooling and
crystallizing equipment for a given output can be reduced.

[0058] An embodiment of a method for recovering a target mineral from a mineral-bearing
deposit 10 is shown in Figure 1. One or more first wells 12 and one or more second wells 14
have been drilled in the mineral-bearing deposit. In the embodiment shown in Figure 1, two first
wells 12 are shown with one second well 14. However, the methods described herein are not
limited by the number or configuration of the one or more first wells and the one or more second
wells 12 and 14. Any number of wells may be drilled in the mineral-bearing deposit 10 in order to
maximize recovery therefrom. For example, one first well 12 and one second well 14 may be
drilled in the mineral-bearing deposit 10. Alternatively, two first wells 12 and one second well 14
may be drilled in the mineral-bearing deposit 10. The number of first and second wells depends
on the nature of the deposit in order to maximize recovery of the target mineral. Likewise with
respect to configuration, the methods described herein are not limited to any particular
configuration of the one or more first wells 12 and the one or more second wells 14. For example,
the wells may be positioned in parallel rows as shown in the Figures, in a perpendicular or angled
configuration, or in a circular configuration. The configuration used for any given mineral-bearing
deposit 10 depends on the characteristics of the deposit as would be understood by a person of
ordinary skill in the art in order to maximize the recovery of the target mineral therefrom.

[0059] In various embodiments, the one or more first wells 12 may be drilled from a same
side of the mineral-bearing deposit 10 or from different sides of the mineral-bearing deposit 10.
In various embodiments, the one or more second wells 14 may be drilled from a same side of the
mineral-bearing deposit 10 or from different sides of the mineral-bearing deposit 10. For example,

in the embodiment shown in Figure 1, the one or more first wells 12 are drilled from a same side
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of the mineral-bearing deposit 10, which is an opposite side from which the second well 14 is
drilled. In the embodiment of Figure 2, the one or more first wells 12 and the one or more second
wells 14 are drilled from the same side of the mineral-bearing deposit 10.

[0060] The one or more first wells 12 have a substantially vertical section 16 and a
substantially horizontal section 18. The one or more second wells 14 also have a substantially
vertical section 20 and a substantially horizontal section 22. The horizontal sections 18 of the
one or more first wells 12 are vertically off-set from the horizontal sections 22 of the one or more
second wells 14 such that the horizontal sections 22 of the one or more second wells 14 are
above the horizontal sections 18 of the one or more first wells 12 as viewed from a longitudinal-
elevation side-view as shown in Figure 2. The one or more first wells 12 may be parallel, as shown
in Figures 1 and 2, or may be vertically off-set from each other. In various embodiments, the one
or more first wells 12 may be angled upward from heel to toe, so that the target-mineral enriched
solvent produced in the cavity as KCI dissolves may flow down the slope toward the substantially
vertical section 16 of the one or more first wells 12. In various embodiments, the heel of the one
or more first wells 12 may be positioned below the mineral-bearing deposit 10.

[0061] In various embodiments, the horizontal section 18 of the one or more first wells 12 is
at or adjacent to a bottom of the mineral-bearing deposit 10 and/or the horizontal section 22 of
the one or more second wells 14 is at or adjacent to a top of the mineral-bearing deposit 10, as
shown in Figure 2.

[0062] The horizontal section 18 of the one or more first wells 12 may also be horizontally off-
set from the horizontal section 22 of the one or more second wells 14 as viewed from a lateral-
elevation side-view, as shown in Figures 1 and 3, or the horizontal section 18 of the one or more
first wells 12 may be substantially parallel with the horizontal section 22 ofthe one or more second
wells 14.

[0063] The vertical section 16 of the one or more first wells 12 and the vertical section 20 of
the one or more second wells 14 extend from the surface of the ground to the desired level in the
deposit. The horizontal section 18 of the one or more first wells 12 and the horizontal section 22
of the one or more second wells 14 may be at least about 100 m in length. For example, the
horizontal section 18 of the one or more first wells 12 and the horizontal section 22 of the one or
more second wells 14 may be about 200 m, about 300 m, about 400 m, about 500 m, about 600
m, about 700 m, about 800 m, about 900 m, about 1000 m, about 1100 m, about 1200 m, about
1300 m, about 1400 m, about 1500 m, about 1600 m, about 1700 m, about 1800 m, about 1900
m, about 2000 m, about 2100 m, about 2200 m, about 2300 m, about 2400 m, about 2500 m,
about 2600 m, about 2700 m, about 2800 m, about 2900 m, about 3000 m, or longer, or any
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length therebetween. In various embodiments, the horizontal section 18 of each of the one or
more first wells 12 and each of the horizontal section 22 of the one or more second wells 14 may
have the same or different lengths.

[0064] As shown in Figure 3, the lateral spacing 21 between the horizontal section 18 of the
one or more first wells 12 and the horizontal section 22 of the one or more second wells 14 may
be between about 100 m and about 1000 m, or any distance therebetween. In various
embodiments, the angle of the at least one channel may depend on the lateral spacing, as
described below. The lateral spacing between two horizontal sections 18 of two first wells 12 may
be between about 200 m and about 2000 m, or any distance therebetween. The vertical spacing
23 between the horizontal section 18 of a first well 12 and the horizontal section 22 of a second
well 14 depends on the thickness of the deposit being mined. In various embodiments, the heel
of the one or more first wells 12 may be located below the deposit 10, with the toe of the one or
more first wells 12 extending into the deposit 10. The lateral spacing between two horizontal
sections 22 of two second wells 14 depends on the lateral spacing of the horizontal sections 18
of two first wells 12. In various embodiments, wells are spaced apart so that the portions of the
cavity formed from each channel do not overlap, as described in further detail below.

[0065] At least one channel 24 from the horizontal section 18 of the one or more first wells 12
toward the horizontal section 22 of the one or more second wells 14 is established as shown in
Figures 4 and 5. The at least one channel 24 establishes communication between the horizontal
section 18 of the one or more first wells 12 and the horizontal section 22 of the one or more
second wells 14. The at least one channel 24 may be established according to any method as
would be known to a person of ordinary skill in the art. For example, the at least one channel 24
may be a directionally drilled borehole. The directionally drilled borehole is drilled from the
horizontal section 18 of the first well 12 towards the horizontal section 22 of a second well 14.
The borehole may be drilled close to the horizontal section 22 of the second well 14 and then
communication with the horizontal section 22 of the second well 14 is established by injection of
water from the borehole toward the horizontal section 22 of the second well 14. The at least one
channel 24 may be of any angle or configuration as would be known to a person of ordinary skill
in the art provided that communication between the horizontal section 18 of the one or more first
wells 12 and the horizontal section 22 of the one or more second wells 14 is established. An
example of a configuration of the at least one channel 24 is shown in Figure 6, which shows two
channels 24. The at least one channel 24 may extend from the horizontal section 18 of the one
or more first wells 12 at a shallow angle relative to the horizontal section 18 and then increase in

angle towards the horizontal section 22 of the second well 14. Alternatively, the at least one
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channel 24 may be a fracture which results from hydro-fracturing the mineral-bearing deposit from
the horizontal section 18 of the one or more first wells 12. An example of fractures generated
from the horizontal section 18 of the one or more first wells 12 and their growth pattern from a-d
is shown in Figure 7. The fractures may be initiated from perforations in the horizontal section 18
of the one or more first wells 12 and their propagation continued through the deposit 10 to
establish communication with the horizontal section 22 of the one or more second wells 14, as
would be understood by a person of ordinary skill in the art.

[0066] The first channel of the at least one channel 24 may be drilled from a toe of the
horizontal section 18 of the first well 12. Subsequent channels are then drilled from a position
toward a heel of the horizontal section 18 of the first well 12. In other embodiments, the channels
24 may be established from the heel of the first well 12 toward the toe of the first well 12. The
distance between channels 24 along the horizontal section 18 of the first well 12 may be between
about 25 m and about 200 m or any distance therebetween. For example, the distance between
channels may be about 50 m, about 75 m, about 100 m, about 125 m, about 150 m or about 175
m. In various embodiments, the distance between channels 24 is set so that portions of the cavity
created from each channel 24 do not overlap. A sufficient distance between channels 24 is
maintained to ensure the selective dissolution of the target mineral from one channel does not
intersect with the selective dissolution of the target mineral from another channel.

[0067] A fluid is then injected into the mineral-bearing deposit 10 from the horizontal section
18 of the one or more first wells 12 adjacent to each of the at least one channels 24 to form one
or more slots. The one or more slots may be vertical slots, each of the one or more slots extends
vertically from the horizontal section 18 of the one or more first wells 12. In various embodiments,
the fluid comprises water. In various embodiments, the fluid consists of water. In various
embodiments, and advantageously, the fluid does not utilize a roof control fluid such as one or
more of various hydrocarbons, including, for example, oil, diesel fluid, crude oil, etc. The use of
roof control fluids is an environmental liability and disadvantage associated with conventional
solution mining methods. The fluid may be injected into the deposit 10 in any direction so as to
establish a cavity within the mineral-bearing deposit 10, as described in further detail below. For
example, the fluid may be injected into the deposit 10 in a direction perpendicular to the horizontal
section 18 of the one or more first wells 12. The fluid may be injected into the deposit 10 toward
the horizontal section 22 of the one or more second wells 14. Alternatively, the fluid is injected
into the deposit 10 vertically toward the ground surface.

[0068] The injection of the fluid into the deposit 10 dissolves the salts in the deposit 10. In
various embodiments, the fluid is substantially less than saturated in the minerals to be dissolved
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to form the cavity or a portion of the cavity 25 (see Figure 8). For example, in a deposit for potash,
the deposit contains substantial amounts of NaCl. The fluid injected into the deposit to form the
slots must be low in saturation with respect to the salts in the deposit. In various embodiments,
the fiuid is water or naturally occurring brackish water (such as, for example, water obtained
directly from a water well). Brine is recovered from the deposit 10 through the horizontal section
22 of the one or more second wells 14 to form a cavity or a portion of the cavity 25 in the deposit
10. This method of creating channels followed by slots and then recovering brine from the deposit
increases the mineable surface area in the cavity.

[0069] This is in contrast to other prior art methods such as those disclosed in US9,260,918
and US8,899,691. These patents disclose methods for solution mining evaporite minerals, such
as trona, by first drilling at least one access well into an evaporite mineral formation and then
drilling at least two lateral boreholes which directly communicate with each other and at least one
of the lateral boreholes is connected to at least one access well. An access well is defined as a
conduit for which fluid is conducted into and out from the lateral boreholes or the cavities that
result from solution mining the lateral boreholes. Lateral boreholes have at least a portion of the
borehole that is mineable or leachable and extends through an evaporite mineral or permeable
ore mineral formation, from where the drill branched out from another borehole (lateral or access)
until either the end of the drilling or until another branching occurs. In contrast, the methods and
systems of the present disclosure include at least one channel extending from the horizontal
section of each of the one or more first wells to the horizontal section of the one or more second
wells and no salt solution is injected into the cavity in the deposit from the at least one channel.
Selective mining of the target mineral is not conducted from the at least one channel but instead,
from the horizontal section of the one or more second wells. Furthermore, US9,260,918 and
US8,899,691 do not disclose systems or methods where a fluid is injected into the mineral-bearing
deposit to selectively produce a non-target mineral dissolved in solution, such as brine, that is
removed through the horizontal section of the one or more second wells, in order to form a cavity.
Formation of the cavity in the mineral-bearing deposit as described herein increases the mineable
surface area of the deposit, thereby increasing recovery of the target mineral.

[0070] The formation of a cavity is shown in Figures 8 and 9, the darker grey shading
indicating a portion of the cavity 25 that is formed as brine is recovered from the horizontal section
22 of the one or more second wells 14. The composition of the brine recovered from the deposit
may comprise substantially NaCl, but will typically reflect the ore grade of the deposit in which the

slot is formed. In various embodiments, there is no overlap in portions of the cavity established
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from each channel 24 and associated slot, and the channels, slots and portions of the cavity are
non-communicating.

[0071] Figure 10 shows a schematic of a flow pattern of the fluid following injection into the
deposit from the horizontal section 18 of the one or more first wells 12. Due to buoyancy of the
fluid in the deposit, the fluid migrates toward the top of the deposit and towards the horizontal
section 22 of the one or more second wells 14. If there are any clay seams 27 in the deposit, the
fluid migrates around these clay seams, either above or below, in order to create the cavity or
portion of the cavity 25.

[0072] In embodiments where there are two or more channels 24 in the deposit 10, the slot
and portion of the cavity associated with each of the channels may be formed before the next
channel is established, as shown in Figure 11. Alternatively, all of the channels 24 may be
established and then each slot is formed.

[0073] An embodiment of the methods described herein is shown in Figures 12 and 13 where
two first wells 12 and one second well 14 are drilled in the deposit 10. As each channel 24 is
formed in the deposit, the slot and portion of the cavity are formed before establishing the next
channel 24. When all of the channels 24 and slots are established along one first well 12, at least
one channel 24 and at least one slot are formed on the other first well 12. Channels 24 from both
of the first wells 12 are in communication with the same second well 14. As brine is recovered
from the horizontal section of the second well 14 following injection of the fluid into the deposit 10
from the one or more first wells 12, the cavity 25 is formed, portions of which are shown with
darker shading in the Figures.

[0074] An alternative embodiment is shown in Figures 14 and 15 where three first wells 12
and one second well 14 are drilled in the deposit 10. One of the first wells 12 is substantially
parallel with and below the second well 14 while the other two first wells 12 are laterally spaced
apart as viewed from a lateral-elevation side-view. There are multiple channels 24 extending
from the horizontal section 18 of each first well 12 and in communication with the horizontal
section 22 of the second well 14. As the brine is removed from the horizontal section 22 of the
second well 14, the cavity or portion of the cavity 25 is formed.

[0075] In various embodiments, the term “cavity” refers to the entire area of the mineral-
bearing deposit that the target mineral is selectively mined from, and includes the at least one
channel 24, the slots and the area of the deposit 10 that contains these elements, and the portions
of the cavity established from each slot. An example of an embodiment of a cavity is shown in
Figure 16.
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[0076] Once the cavity is created, the target mineral, such as KCI, may be recovered. A salt
solution is injected into the cavity. This salt solution dissolves KCI as it percolates down through
the cavity. As the target mineral is selectively dissolved, the cavity is not enlarged, but rather,
becomes more porous. A target mineral-enriched solvent is recovered from the horizontal section
18 of the one or more first wells 12, as shown in Figure 16.

[0077] Solvent, such as a salt solution, is introduced through the horizontal section 22 of the
one or more second wells 14 near the top of the cavity. The solvent may be fresh water or the
salt solution may be partially or fully saturated with salt. In various embodiments, the solvent is
at least partially unsaturated with respect to KCI. In various embodiments, the salt solution is
saturated, or nearly saturated, with respect to NaCl. If the solvent is not saturated with NaCl, it
will dissolve NaCl at the top of the cavity following introduction through the horizontal section 22
of the one or more second wells 14 and will become saturated, thereby ensuring selective
dissolution of the KCI in the cavity. This dissolution of NaCl to saturate the solvent will result in
at least some enlargement of the cavity.

[0078] The salt solution pumped into the top of the cavity 25 will have a lower specific gravity
and lower density than the solvent lower in the cavity 25 (which has a higher density) and will
therefore spread out more or less horizontally before beginning its downward percolation, as
shown in Figure 17. The solvent, upon entering the cavity, if not already saturated with salt, will
become saturated with salt. This may result in some enlargement of the cavity. Thereafter, the
solvent will selectively take KClI into solution with some resulting precipitation of salt from solution.
As a result, the cavity is not enlarged, but becomes more porous. The large surface area of the
cavity enables the solvent to selectively dissolve KCI at an acceptable circulation rate and the
solvent will move toward the one or more first wells 12 as a result of a density gradient from the
top of the cavity 25 toward a bottom of the cavity 25. In various embodiments, the target mineral-
enriched solvent will flow into the at least one channel 24, before being collected in the horizontal
section 18 of the one or more first wells 12 and pumped to the surface. The difference in density
between the top and bottom of the cavity 25 will drive the flow of salt solution down towards the
horizontal section 18 of the one or more first wells 12.

[0079] In various embodiments, the method may further comprise heating the salt solution
prior to injection into the deposit 10. Heating the salt solution may increase the solubility of KCI
in the salt solution, thus producing a more concentrated target mineral-enriched solvent. The salt
solution may be heated to the same temperature as the deposit or may be heated to a much

greater temperature than the deposit, even as high as 100°C.
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[0080] In various embodiments, the flow rate of the salt solution through the deposit depends
on the mineable surface area in the cavity which provides an acceptable target mineral
concentration in the target mineral-enriched solvent. For example, the flow rate may be 10 cubic
meters per hour (m®hr), 20 m®hr, 50 m®hr, 100 m®hr, greater than 100 m®hr, or any flow rate
therebetween. The flow rate may depend on the mineable surface area of the deposit, the
temperature of the deposit, the concentration of the solvent, the ore grade of the target mineral,
and the temperature of the solvent, amongst other parameters known to those of ordinary skill in
the art.

EXAMPLE 1: KCI recovery modeling

[0081] This example demonstrates how recovery of a target mineral from a deposit may be
improved using the methods described herein. The methods described herein increase the
available or mineable surface area in a deposit.

[0082] The parameters shown in Table 1 were modeled, based on a model where two first
wells and one second well are drilled in a typical southern Saskatchewan potash deposit. The
deposit generally consists of a lower potash bed called the Esterhazy Bed which is about 5 m to
about 6 m thick, followed (upward) by a thick, low grade section typically about 14 m to about 17
m thick. Above the low grade bed is the Belle Plaine Bed which is typically about 3 m to about 5
m thick, above that, the Patience Lake member which is about 10 m to about 12 m thick. Between
the Belle Plaine Bed and the Patience Lake bed is a relatively thin, un-named low grade bed that
is about 3 m to about 4 m thick. These thicknesses are for reference only as both the thicknesses

and potash grade can vary between locations.

Table 1. Parameters for modeling an embodiment of a method as described herein

Total number of first wells and second wells 3
Lateral distance between wells 50m
Total height of deposit 15.12m
Number of channels per first well 16

[0083] A computer-based representation of the deposit and well configuration discussed in
Table 1 was prepared. Data for generating computer-based representations can be obtained
from a variety of methods, details of which will be understood by those of skill in the art.

[0084] The development of the cavity was modeled, and results from the simulation are

shown in Table 2.

15

Date regue/Date Received 2021-02-17



Table 2. Recovery of KC| from a deposit based on the parameters of Table 1 using an embodiment
of a method as described herein

Surface area developed in potash beds 299,200 m?
KCI concentration in KCl-enriched solvent 170 g/L
KCI production 111,200 tonnes/year

[0085] Another method of selectively mining potash from the Saskatchewan deposit was
modeled for comparison to the results described above. This alternative method consists of a
vertical well connected to a horizontal section 850 m in length at the bottom of the Belle Plaine
Bed. A second vertical well is then drilled and connected to the first well at the point where the
first well becomes horizontal. The horizontal portion of the well is enlarged by injecting water at
the toe end of the horizontal well and returning solution through the horizontal section to where it
is removed through the second vertical well.

Table 3. Parameters for modeling an alternative method

Total number of vertical wells 6
Total number of horizontal sections 3
Length of horizontal section 850 m
Total height of beds 53m
Height of potash beds 53m

[0086] Utilizing the same modeling techniques as described above, the results of this
simulation are shown in Table 4.

Table 4. Recovery of KCI from a deposit based on the parameters of Table 3 using an alternative

method
Surface area developed in potash beds 27,030 m?
KCI concentration in KCl-enriched solvent 170 g/L
KCI production 10,046 tonnes/year
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[0087] Tables 2 and 4 show that the methods described herein can develop more than 10
times the available or mineable surface area compared to the alternative method and hence, more
than 10 times the production of potash can be achieved, utilizing fewer vertical wells.

[0088] Another advantage of the methods disclosed herein relates to ore grade of the deposit
to be mined. In prior methods, the selective mining of KCI requires an ore grade of greater than
about 25% KCI. If the ore grade is less than about 25% KCI, then the KCI crystals in the ore are
not contiguous (i.e. touching each other) and so dissolution of KCI cannot proceed. For example,
the alternative method described above can only progress upward through a potash bed as long
as the ore grade is greater than about 25% KCI. This method cannot be used to mine upwards
through the low grade bed between the Esterhazy Bed and the Belle Plaine Bed, nor can
alternative prior methods be used to mine upward through the low grade zone between the Belle
Plaine Bed and the Patience Lake Bed. Furthermore, in many deposits, there are low grade
zones or sub-beds within the Esterhazy Bed and the Belle Plaine Bed which will also stop the
upward selective mining of the potash in the beds.

[0089] The methods described herein are not limited by ore grade in the deposit because the
at least one channel is established through any low grade zones and sub-beds, thus giving access
of the solvent to all beds greater than 25% KCI. Thus, compared to prior art methods, the methods
as disclosed herein allow for greater recovery of the target mineral from a deposit than can be
accomplished using other prior art methods utilizing horizontal wells at the bottom of the beds
only.

[0090] Although various embodiments of the invention are disclosed herein, many
adaptations and modifications may be made within the scope of the invention in accordance with
the common general knowledge of those skilled in this art. Such modifications include the
substitution of known equivalents for any aspect of the invention in order to achieve the same
result in substantially the same way. Numeric ranges are inclusive of the numbers defining the
range. The word "comprising” is used herein as an open-ended term, substantially equivalent to
the phrase "including, but not limited to", and the word "comprises" has a corresponding meaning.
As used herein, the singular forms "a", "an" and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to "a thing" includes more than one such
thing. Citation of references herein is not an admission that such references are prior art to the
present invention. The invention includes all embodiments and
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variations substantially as hereinbefore described and with reference to the examples and
drawings.
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CLAIMS

1. A method for recovering a target mineral from a mineral-bearing deposit, the method

comprising:

drilling one or more first wells and one or more second wells in the mineral-bearing deposit,
the one or more first wells and the one or more second wells each having a substantially vertical
section and a substantially horizontal section, the horizontal section of the one or more second
wells vertically off-set from the horizontal section of the one or more first wells, the horizontal
section of the one or more second wells above the horizontal section of the one or more first wells
as viewed from a longitudinal-elevation side-view, and the horizontal section of the one or more
second wells laterally off-set from the horizontal section of the one or more first wells, as viewed
from a lateral-elevation side-view;

establishing at least one channel from the horizontal section of each of the one or more

first wells toward the horizontal section of the one or more second wells;

injecting a fluid into the mineral-bearing deposit from the horizontal section of the one or
more first wells adjacent to each of the at least one channels to form one or more slots, the one
or more slots above the horizontal section of the one or more first wells as viewed from the

longitudinal-elevation side-view;

recovering brine from the deposit through the horizontal section of the one or more second

wells to form a cavity in the mineral-bearing deposit;

injecting a salt solution into the cavity from the horizontal section of the one or more
second wells to cause selective dissolution of the target mineral;

recovering a target mineral-enriched solvent from the horizontal section of the one or more
first wells; and

recovering the target mineral from the target mineral-enriched solvent.

2. The method of claim 1, wherein the fluid is injected into the mineral-bearing deposit in a

direction perpendicular to the horizontal section of the one or more first wells.

3. The method of claim 1 or 2, wherein each of the one or more slots extends vertically from

the horizontal section of the one or more first wells.
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4, The method of any one of claims 1 to 3, wherein the target mineral is potash.

5. The method of any one of claims 1 to 4, wherein the at least one channel is a directionally
drilled borehole.

6. The method of any one of claims 1 to 4, further comprising hydro-fracturing the mineral-
bearing deposit from the horizontal section of the one or more first wells, wherein the at least one
channel is a fracture.

7. The method of any one of claims 1 to 6, wherein each of the at least one channels is in
communication with the horizontal section of one of the one or more first wells and the horizontal
section of one of the one or more second wells.

8. The method of any one of claims 1 to 7, wherein one first well and one second well are
drilled in the mineral-bearing deposit.

9. The method of any one of claims 1 to 7, wherein two first wells and one second well are
drilled in the mineral-bearing deposit.

10. The method of claim 9, wherein the second well is laterally between the two first wells as

viewed from the lateral-elevation side-view.

1. The method of any one of claims 1 to 7, wherein three first wells and one second well are
drilled in the mineral-bearing deposit, one of the three first wells substantially underneath the
second well as viewed from the lateral-elevation side-view.

12. The method of any one of claims 1 to 11, wherein the one or more second wells is at or
adjacent to a top of the mineral-bearing deposit.

13. The method of any one of claims 1 to 12, wherein the one or more first wells is at or
adjacent to a bottom of the mineral-bearing deposit.

14. The method of any one of claims 1 to 13, wherein the fluid for forming the one or more

slots comprises water.

15. The method of any one of claims 1 to 13, wherein the fluid for forming the one or more
slots consists of water.
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16. The method of any one of claims 1 to 15, wherein the fluid for forming the one or more
slots does not include a roof control fluid.

17. The method of any one of claims 1 to 16, wherein two or more channels are established
in the deposit and portions of the cavity from the two or more channels are non-communicating.

18. The method of any one of claims 1 to 17, wherein the salt solution is a saturated or near-
saturated salt solution.

19. The method of claim 18, wherein the salt solution is a saturated or near-saturated NaCl

solution.

20. The method of any one of claims 1 to 19, wherein the vertical sections of the one or more
first wells and the one or more second wells are drilled on a same side of the mineral-bearing
deposit.

21. The method of any one of claims 1 to 19, wherein the vertical sections of the one or more
first wells and the one or more second wells are drilled on opposite sides of the mineral-bearing

deposit.

22. The method of any one of claims 1 to 21, wherein the horizontal sections of the one or
more first wells and the one or more second wells are parallel as viewed from the longitudinal

elevation view.

23. A system for recovering a target mineral from a mineral-bearing deposit, the system
comprising:

one or more first wells and one or more second wells in the mineral-bearing deposit, the
one or more first wells and the one or more second wells each having a substantially vertical
section and a substantially horizontal section, the horizontal section of the one or more second
wells vertically off-set from the horizontal section of the one or more first wells, the horizontal
section of the one or more second wells above the horizontal section of the one or more first wells
as viewed from a longitudinal-elevation side-view, and the horizontal section of the one or more
second wells laterally off-set from the horizontal section of the one or more first wells, as viewed
from a lateral-elevation side-view;

21

Date Recue/Date Received 2022-11-14



at least one channel extending from the horizontal section of each of the one or more first
wells toward the horizontal section of the one or more second wells;

a fluid for injecting into the mineral-bearing deposit from the horizontal section of the one
or more first welis adjacent to each of the at least one channels to form one or more slots, the
one or more slots above the horizontal section of the one or more first wells as viewed from the
longitudinal-elevation side view, wherein the fluid dissolves salt and brine is recovered from the
mineral-bearing deposit through the horizontal section of the one or more second wells, thereby
forming a cavity in the mineral-bearing deposit; and

a salt solution for injecting into the cavity from the horizontal section of the one or more
second wells to selectively dissolve the target mineral and form a target mineral-enriched solvent
that is recovered from the horizontal section of the one or more first wells, wherein the target
mineral is recovered from the target mineral-enriched solvent.

24, The system of claim 23, wherein the fluid is for injecting into the mineral-bearing deposit
in a direction perpendicular to the horizontal section of the one or more first wells.

25. The system of claim 23 or 24, wherein each of the one or more slots extends vertically
from the horizontal section of the one or more first wells.

26. The system of any one of claims 23 to 25, wherein the target mineral is potash.

27. The system of any one of claims 23 to 26, wherein the at least one channel is a
directionally drilled borehole.

28. The system of any one of claims 23 to 26, wherein the mineral-bearing deposit is hydro-
fractured from the horizontal section of the one or more first wells, wherein the at least one
channel is a fracture.

29. The system of any one of claims 23 to 28, wherein each of the at least one channels is in
communication with the horizontal section of one of the one or more first wells and the horizontal
section of one of the one or more second wells.

30. The system of any one of claims 23 to 29, comprising one first well and one second well
in the mineral-bearing deposit.
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31. The system of any one of claims 23 to 29, comprising two first wells and one second well
in the mineral-bearing deposit.

32. The system of claim 31, wherein the second well is laterally between the two first wells as
viewed from the lateral-elevation side-view.

33. The system of any one of claims 23 to 29, comprising three first wells and one second well
in the mineral-bearing deposit, one of the three first wells substantially underneath the second
well as viewed from the lateral-elevation side-view.

34. The system of any one of claims 23 to 33, wherein the one or more second wells is at or
adjacent to a top of the mineral-bearing deposit.

35. The system of any one of claims 23 to 34, wherein the one or more first wells is at or
adjacent to a bottom of the mineral-bearing deposit.

36. The system of any one of claims 23 to 35, wherein the fluid for forming the one or more

slots comprises water.

37. The system of any one of claims 23 to 35, wherein the fluid for forming the one or more

slots consists of water.

38. The system of any one of claims 23 to 37, wherein the fluid for forming the one or more
slots does not include a roof control fluid.

39. The system of any one of claims 23 to 38, wherein two or more channels are established
in the deposit and portions of the cavity from the two or more channels are non-communicating.

40. The system of any one of claims 23 to 39, wherein the salt solution is a saturated or near-
saturated salt solution.

41. The system of claim 40, wherein the salt solution is a saturated or near-saturated NaCl

solution.

42, The system of any one of claims 23 to 41, wherein the vertical sections of the one or more
first wells and the one or more second wells are drilled on a same side of the mineral-bearing
deposit.
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43. The system of any one of claims 23 to 41, wherein the vertical sections of the one or
more first wells and the one or more second wells are drilled on opposite sides of the mineral-
bearing deposit.

44, The system of any one of claims 23 to 43, wherein the horizontal sections of the one or
more first wells and the one or more second wells are parallel as viewed from the longitudinal
elevation view.
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