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HYDROELECTRIC PUMPED-STORAGE

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of and priority to U.S. Patent Application Serial
Number 11/862,975, filed on September 27, 2007, the disclosure of which is hereby incorporated

herein by reference in its entirety.

FIELD OF THE INVENTION
This disclosure relates to hydroelectric pumped-storage and, more particularly, to

hydroelectric pumped-storage using one or more aquifers.

BACKGROUND
Electrical power systems generate, transmit and distribute electricity to a variety of end
users.
Electrical demand refers to the amount of electricity that an electrical power system may
be required to supply at a particular point in time. Electric demand on an electrical power system

tends to vary over time.

SUMMARY OF THE INVENTION

In one aspect, a method includes monitoring demand on an electrical supply system. If
the monitored demand exceeds a predetermined first value, fluid is allowed to flow substantially
under the influence of gravity from a first aquifer to a second aquifer. Kinetic energy associated
with the flowing fluid is converted into electrical energy. If the monitored demand drops below
a predetermined second value, the fluid is moved from the second aquifer to the first aquifer.

Typically, the kinetic energy is converted into electrical energy by a turbine generator
positioned either between the first and second aquifers or within the second aquifer. In some
implementations, the turbine generator is decoupled from the second aquifer. Decoupling the
turbine generator from the second aquifer may help the fluid to flow freely through the turbine
generator, which is desirable to help maximize the amount of electrical energy that the turbine
generator can produce.

In some implementations, the height of the turbine generator above the second aquifer is

related to the permeability of the second aquifer. In general, the second aquifer’s permeability
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can affect the rate at which the second aquifer is able to absorb the flowing fluid. Accordingly, if
the second aquifer’s permeability is high (i.e., it can accommodate a high rate fluid flow), then
the turbine generator may be positioned closer to or within the second aquifer. Similarly, if the
second aquifer’s permeability is low (i.e., its ability to accommodate fluid flow is low), then it
may be desirable to position the turbine generator higher in or above the second aquifer.

In a typical implementation, the turbine generator may be positioned either above, below
or at the static water level of the second aquifer.

In some implementations, the electrical energy is used to at least partly satisfy the
demand on the electrical supply system and to supplement the generating capacity of a primary
electrical system. Fluid flow from the first aquifer to the second aquifer may be initiated by
opening a valve in a fluid communication channel between the first aquifer and the second
aquifer. The kinetic energy of the flowing fluid may be converted into electrical energy by
causing the fluid to flow through a turbine-generator.

Typically, moving the fluid from the second aquifer to the first aquifer includes pumping
the fluid. Typically, the first aquifer is at a higher elevation than the second aquifer.

In another aspect, a system includes a first aquifer, a second aquifer, one or more fluid
communication channels that facilitate fluid flow between the first and second aquifers and a
turbine-generator to convert kinetic energy of the flowing fluid into electrical energy.

According to some embodiments, the fluid flows through the fluid communication
channels to the turbine-generator substantially under the influence of gravity. In a typical
implementation, a pump moves fluid from the second aquifer to the first aquifer. In certain
implementations, the pump is located in the second aquifer.

Certain embodiments include a pump and a turbine-generator housed together as a single
reversible pump-turbine. Certain embodiments include a first fluid communication channel and
a second fluid communication channel, where the turbine is operable to receive fluid flowing
through the first fluid communication channel and the pump is operable to move fluid through
the second fluid communication channel.

One or more valves may be in each of the fluid communication channels. The valves
may be operable to control fluid flow through their associated channels.

In a typical implementation, the turbine- generator is operable to supply, when demand
exceeds a predetermined value, electrical energy to an electrical supply system whose demand

varies over time.
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Some embodiments include a controller that monitors demand on an electrical supply
system. If the monitored demand exceeds a predetermined first value, the fluid is allowed to
flow from the first aquifer to the second aquifer and the electrical energy thereby created is used
to at least partly satisfy the demand. If the monitored demand drops below a predetermined
second value that is lower than the predetermined first value, the fluid is moved from the second
aquifer to the first aquifer.

In a typical implementation, the first aquifer is at a higher elevation than the second
aquifer. Additionally, the turbine-generator typically may be positioned a sufficient distance
above the second aquifer that the second aquifer’s degree of permeability does not adversely
impact fluid flow through the one or more fluid communication channels to a degree that
compromises operation of the turbine-generator.

The one or more fluid communication channels that facilitate fluid flow can include pipes
that extend from the turbine-generator to multiple locations in the second aquifer.

In yet another aspect, a method of supplying electricity to an electric load whose demand
varies over time is disclosed. The method includes supplying electricity to the electric load from
an electrical supply system and monitoring the varying demand over time. If the monitored
demand exceeds a first predetermined value, fluid is allowed to flow substantially under the
influence of gravity from a first aquifer to a second aquifer and kinetic energy of the flowing
fluid is converted into electrical energy to supplement energy from the electrical supply system.
If the monitored magnitude drops below a second predetermined value, fluid is moved from the
second aquifer to the first aquifer.

Typically, converting the kinetic energy of the flowing fluid into electrical energy
includes directing the flowing fluid to flow through a turbine-generator. In those instances, the
electrical energy typically is used to at least partly satisfy the demand.

In yet another aspect, a method includes monitoring demand on an electrical supply
system. If the monitored demand exceeds a predetermined first value, enabling fluid to flow
substantially under the influence of gravity from a body of fluid at an elevation above an aquifer
to the aquifer and converting kinetic energy associated with the flowing fluid into electrical
energy. If the monitored demand drops below a predetermined second value, moving fluid from
the aquifer to the body of fluid. In some implementations, converting the kinetic energy of the

flowing fluid into electrical energy comprises causing the flowing fluid to flow through a
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turbine-generator. The body of fluid can include a reservoir, river, stream, pond, pool or any
other collection of fluid at, below or above the earth’s surface.

According to another aspect, a system includes a body of fluid, an aquifer and one or
more fluid communication channels that facilitate fluid flow between the body of fluid and the
aquifer. A turbine-generator is arranged to convert kinetic energy of fluid flowing from the body
of fluid to the second aquifer through one or more of the fluid communication channels into
electrical energy. A pump can move fluid from the second aquifer to the first aquifer.

In some implementations, one or more of the following advantages are present.

For example, hydroelectric pumped-storage facilities may be created at a relatively low
cost. Accordingly, the resulting pumped-storage hydroelectric energy may be provided to end
users at a more affordable rate. Peak electrical demand required of an electrical power system
may be satisfied in an efficient manner.

Natural resources may be utilized to store and supply electricity in an efficient manner.

Other features and advantages will be apparent from the description and drawings, and

from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of an electrical power system.

FIG. 2 is a cross-sectional view showing one implementation of a hydroelectric pumped-
storage facility.

FIG. 3 is a cross-sectional view showing another implementation of a hydroelectric
pumped-storage facility.

FIG. 4 is a cross-sectional view of yet another implementation of a hydroelectric
pumped-storage facility.

FIG. 5 is a cross-sectional view of still another implementation of a hydroelectric
pumped-storage facility.

FIG. 6 is a cross-sectional view of another implementation of a hydroelectric pumped-

storage facility.
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DETAILED DESCRIPTION

As illustrated in FIG. 1, the electrical power system 100 includes a primary electrical
system 102 operable to supply electricity to an electrical load 104. A hydroelectric pumped-
storage facility 106 is operable to store and/or to produce energy by moving fluid (e.g., water)
between two or more aquifers or between an aquifer and some other body of fluid. The energy
produced by the hydroelectric pumped-storage facility may be used to supplement the energy
provided by the primary electrical system 102 during periods of relatively high demand.

In a typical implementation, the primary electrical system 102 includes one or more
electrical generating stations, a variety of electrical transmission equipment and a variety of
electrical distribution equipment. The capacity of the electrical supply system 102 to supply
energy to the electrical load 104 is finite. The demand associated with the electrical load 104,
however, may vary considerably over time.

When the demand on the primary electrical system 102 is relatively low, the
hydroelectric pumped-storage facility 106 can use excess generating capacity of the primary
electrical system 102 to move fluid from one aquifer to another aquifer (or other body of fluid) at
a higher elevation. On the other hand, when demand on the primary electrical system 102 is
relatively high, the hydroelectric pumped-storage facility 106 can release fluid from the higher
elevation aquifer (or other body of fluid) so that it flows substantially under the influence of
gravity to the lower elevation aquifer. The kinetic energy of the flowing fluid can be converted
(e.g., by a turbine-generator) into electricity. That electricity may be used to supplement the
finite capacity of the electrical supply system 102 and help satisfy the higher demand required by
the electrical load 104.

An aquifer is an underground layer of water-bearing permeable rock or unconsolidated
materials (e.g., gravel, sand, silt or clay) from which water can be extracted. An aquifer may be
naturally-occurring or may be man-made. Aquifers can occur at various depths beneath the
earth’s surface.

As shown in FIG. 2, hydroelectric pumped-storage facility 206 includes a first aquifer
(i.e., upper aquifer 208) at a first elevation and a second aquifer (i.e., lower aquifer 210) at a
second elevation lower than the first elevation. First 212 and second 214 fluid communication
channels extend between the higher 208 and lower 210 aquifers. The facility 206 includes a
turbine-generator 218 associated with the first fluid communication channel 212 and a pump

station 216 associated with the second fluid communication channel 214. Valves 220, 222 are
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provided in the first 212 and second 214 fluid communication channels respectively and are
operable to restrict and/or enable fluid flow through those channels. The facility 206 also
includes a controller 241 that may be operable to control various aspects of the facility’s 206
operations.

In the illustrated implementation, a bore hole 224 extends from the earth’s surface
vertically downward to a surface just above the lower aquifer 210. The bore hole 224 is formed
so that one of its sidewalls 228 is adjacent the upper aquifer 208. In some implementations, the
aquifer could be located some distance away from the bore hole.

The illustrated pump station 216 is positioned inside the lower aquifer 210 and includes a
motor 230 coupled to a pump 232 via a shaft 234. The motor 230 provides the power to operate
the pump. In some implementations, the motor 230 receives electrical energy from an external
electrical source, such as the primary electrical system 102 shown in FIG. 1.

In some implementations, it is desirable that the pump 232 be located as low as possible,
and preferably, well below the water line, in the lower aquifer 210. Locating the pump 232 as
low as possible helps to ensure a positive pressure at the pump’s 232 inlet.

In the illustrated implementation, the pump 232 is operable to move fluid from the lower
aquifer 210 to the upper aquifer 208. In some implementations, the pump 230 is a rotodynamic
pump (e.g., a centrifugal pump). In other implementations, however, the pump 230 is a positive
displacement pump (e.g., a reciprocating pump).

The pump’s 232 suction line extends through the bottom of the bore hole 224 and into the
lower aquifer 210. It is generally preferable that the suction line extend almost to the bottom of
the lower aquifer 210 so that the pump will be able to move fluid even if there is only a relatively
small amount of fluid in the lower aquifer 210.

The pump’s 232 discharge line extends generally upward from the pump 232, eventually
passing through the side wall 228 of the bore hole 224 and into the upper aquifer 208. It is
generally preferable that the pump’s 232 discharge line enter the upper aquifer 208 at a relatively
high part of the aquifer 208. If the pump’s 232 discharge line enters the upper aquifer 208 above
the fluid line in the upper aquifer 208, then minimal fluid may be available to flow down through
the second fluid communication channel 214 when the pump is turned off.

The valve 222 coupled to the pump’s 232 discharge line is operable to restrict and/or
enable fluid flow through the discharge line. Typically the valve 222 will be open when the

pump 232 is operating and will be closed when the pump 232 is not operating. It is generally
6
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desirable to close the valve 222 when the pump 232 is not operating so as to prevent undesirable
backflow from the upper aquifer 208 to the lower aquifer 210.

In the illustrated implementation, the turbine-generator 218 is positioned inside the bore
hole 208 and includes a turbine 236, and a generator 238 operatively coupled to the turbine 236
via a shaft 240.

The turbine-generator 218 is arranged so that fluid flowing from the first (i.e., upper)
aquifer 208 to the second (i.e., lower) aquifer 210 flows through the turbine 236. The flowing
fluid causes the turbine 236 and, therefore, the generator 238 to rotate. In general, rotation of the
generator 238 enables the generator 238 to generate electricity.

Since the lower aquifer 210 has limited permeability (i.e., limited ability to accommodate
fluid flowing into it), the lower aquifer 210 generally resists fluid trying to enter it, for example,
from the bottom of the first fluid communication channel 212. Depending on the degree of
resistance and the volume of fluid flowing through the channel, a back-up of fluid in the first
fluid communication channel 212 could occur. If fluid were allowed to back-up to near the
turbine 236, fluid flow through the turbine 236 might be compromised and the turbine-
generator’s operation might be compromised. Accordingly, in a typical implementation, the
turbine-generator 218 may be positioned high enough above the lower aquifer 210 to ensure that
even if some back-up fluid accumulates at the bottom of the first fluid communication channel
212, a sufficient amount of fluid flow is maintained through the turbine to ensure continued
operation of the turbine 236.

In some implementations, the turbine’s 236 inlet line extends through the side wall 228 of
the bore hole 224 and into the upper aquifer 208. In some respects, it may be desirable for the
turbine’s inlet line enter the upper aquifer 208 as low as possible in the upper aquifer 208 so that
a supply of fluid from the aquifer 208 is available even if there is not much fluid in the aquifer
208. On the other hand, if the turbine’s 236 inlet line enters the upper aquifer 208 at a higher
point in the aquifer 208, then the pressure head forcing fluid down through the turbine 236 may
be greater, which also may be considered desirable. The turbine’s outlet line extends through the
bottom of the bore hole 224 and into the lower aquifer 210.

The valve 220 coupled to the turbine’s 236 inlet line is operable to control fluid flow into
the turbine 236. When the valve 220 is open, fluid is allowed to flow into the turbine 236.

When the valve 220 is closed, fluid is prevented from flowing into the turbine 236.
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In general, the illustrated hydroelectric pumped-storage facility 206 may operate to
provide supplemental energy to a primary electrical system (e.g., primary electrical system 102
of FIG. 1) as follows. When demand on the system 102 is low (i.e., when it drops below a
predetermined first value), the pump 232 begins to operate and the valve 222 in the pump outlet
line opens. While operating, the pump 232 moves fluid from the lower aquifer 210 to the higher
aquifer 208. In some implementations, once started, the pump 232 operates for a predetermined
duration. During that time, the pump 232 typically moves fluid from the lower aquifer to the
upper aquifer.

Pump 232 operation may be controlled in a number of other ways. For example, level
sensors in the upper 208 and lower 210 aquifers may be used to determine when operation of
pump 232 should be stopped. Alternatively, fluid pressure gages may be used to determine when
operation of the pump 232 should be stopped.

Once the pump 232 is stopped, the valve 222 closes to prevent undesirable backflow of
fluid through the pump 232.

When demand on the electrical supply system is high (i.e., it exceeds a predetermined
second value), valve 222 may be opened to enable fluid to flow through fluid communication
channel 212 substantially under the influence of gravity. The flowing fluid passes through the
turbine 236 portion of the turbine-generator 218, which essentially converts the fluid’s kinetic
energy into electrical energy. That electrical energy may be fed from the generator 238 portion
of the turbine-generator 218 into a primary electrical system to help satisfy the demand on that
system.

In some implementations, the fluid continues to flow through the first fluid
communication channel 212 until the demand on the electrical supply system drops below a
predetermined value. If the demand does not drop below the predetermined value, then the fluid
may continue to flow until there is not enough fluid left in the upper aquifer 208 to continue
running the turbine-generator 218, or until the lower aquifer 210 is substantially full.

To stop the turbine-generator 218 from operating, the valve 220 can be closed, which
stops the flow of fluid through the first fluid communication channel 212 and, therefore, through
the turbine-generator 218. Once the flow of fluid has ceased, the turbine-generator ceases
operating.

Various aspects of the facility’s operations may be implemented manually or,

alternatively, may be automated, for example, via the controller 241.
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FIG. 3 illustrates another implementation of a hydroelectric pumped-storage facility 306.
Other than a few differences discussed below, the illustrated facility 306 is similar to the facility
206 of FIG. 2.

The illustrated facility 306 includes an upper aquifer 308 at a first elevation and a lower
aquifer 310 at a second elevation lower than the first elevation. A fluid communication channel
313 extends between the upper 308 and lower 310 aquifers. A reversible pump-turbine station
317 is associated with the fluid communication channel 313. A valve 321 is provided to restrict
and/or enable fluid flow through the fluid communication channel 313. A controller 341 is
provided, which is operable to control various aspects of the facility’s 306 operations.

The reversible pump-turbine station 317 is positioned in the bore hole 324. The
reversible pump-turbine station 317 may be positioned a sufficient height above the lower
aquifer 310 to avoid problems associated with fluid back-up at the bottom of the fluid
communication channel 313. The illustrated reversible pump-turbine station 317 includes a
reversible pump-turbine 333 coupled to a reversible electric motor/generator 335 via a shaft 334.

The reversible pump-turbine 333 can be operated in one direction as a pump and in the
other direction as a turbine. When operated as a pump, the reversible pump-turbine 333 is
generally operable to move fluid from the lower aquifer 210 to the upper aquifer 208. When
operated as a turbine, fluid flows from the upper aquifer 308 to the lower aquifer 310
substantially under the influence of gravity and turns the reversible pump-turbine 333.

The reversible electric motor/generator 335 can be operated as a motor to drive the pump
or can be operated by the turbine as a generator to produce electricity. When the reversible
electric motor/generator 335 is operated as a motor, it generally receives electrical energy from
an external electrical source, such as the primary electrical system 102 shown in FIG. 1, and
operates the reversible pump-turbine 333 as a pump. When the reversible electric
motor/generator 335 is turned by the turbine, it acts as a generator and generates electricity.

Since the illustrated reversible pump-turbine 333 may be positioned above the static fluid
line of the lower aquifer 310, some implementations include a means for priming (not shown) the
reversible pump-turbine 333 may be provided. In general, the means for priming would be
adapted to substantially fill the pump-turbine’s casing with fluid prior to it starting to operate in
pump-mode. In some implementations, the priming means is a vacuum pump or an air ejector.

In some implementations, the reversible pump-turbine may be adapted for self-priming

when it begins operating in pump-mode. Alternatively, a foot or check valve may be used to
9
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retain liquid within the pump’s suction line. In some implementations, a separate, submersible
priming pump may be positioned in the lower aquifer and be operable to prime the reversible
pump-turbine when it is going to be operated in pump-mode.

FIG. 4 illustrates yet another implementation of a hydroelectric pumped-storage facility
406. Other than a few differences discussed below, the illustrated facility 406 is similar to the
facilities 206, 306 in FIGS. 2 and 3.

The illustrated facility 406 includes a first aquifer 408 and a second aquifer 410, portions
of which are at the same elevation as one another. A fluid communication channel 413 extends
between an upper portion of the first aquifer 408 and a lower portion of the second aquifer 410.
A reversible pump-turbine station 417 is associated with the fluid communication channel 413.
A valve 421 is provided in the fluid communication channel 413 and is operable to restrict and/or
enable fluid flow through the fluid communication channel 413. A controller 441 is operable to
control various aspects of the facility’s 406 operations.

The illustrated bore hole 424 extends from the earth’s surface in a downward direction
between the two aquifers 408, 410.

The fluid communication channel 413 enters the first aquifer 408 at a first elevation and
enters the second aquifer 410 at a second elevation that is lower than the first elevation. The
fluid communication channel 413, therefore, is angled so that fluid can flow substantially under
the influence of gravity from the first aquifer 408 to the second aquifer 410 when the valve 421
is open. When fluid flows in that manner, the reversible pump-turbine station 417 is operated in
turbine-mode. When, on the other hand, the reversible pump-turbine station 417 is operating in
pump-mode and the valve 421 is open, fluid is moved by the pump from the second aquifer 410

to the first aquifer 408 through the fluid communication channel 413.

FIG. 5 illustrates yet another implementation of a hydroelectric pumped-storage facility
506. Other than a few differences discussed below, the illustrated facility 506 is similar to the
facility 206 in FIG. 2.

The illustrated facility 506 includes a includes a first aquifer (i.e., upper aquifer 508) at a
first elevation, a second aquifer (i.e., lower aquifer 510) at a second elevation lower than the first
elevation. Fluid communication channels extend between the upper 508 and lower 510 aquifers.
The fluid communication channels are defined by a pair of bore holes 524a, 524b that extend

from the lower aquifer 510 to the earth’s surface, a bore hole 524c¢ that extends from the upper
10
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aquifer 508 to the earth’s surface 526 and a network of pipes 575 that provide fluid
communication between the bore holes 524a, 524b, 524c. The pipes include valves 520, 522.

A turbine-generator 518 is positioned inside one of the bore holes 524b that extends from
the lower aquifer 510 to the earth’s surface 526. In the illustrated implementation, the turbine-
generator is above the static fluid line of the lower aquifer 510. However, in some
implementations, the turbine-generator 518 can be at or beneath the static fluid level of the lower
aquifer 510.

A first pump station 516a is positioned inside the other bore hole 524a that extends from
the lower aquifer 510 to the earth’s surface 526. That pump station 516a is beneath the static
fluid line of the lower aquifer 510 and is operable to move fluid from the lower aquifer 510 to
the upper aquifer 508. A second pump station 516b is positioned inside the bore hole 524c that
extends from the upper aquifer 508 to the earth’s surface 526. The second pump station 516b is
beneath the static fluid line of the upper aquifer 508 and is operable to move fluid from the upper
aquifer into the above-ground pipe 575 so that the fluid can flow, at least partially under the
influence of gravity, down to the lower aquifer 510.

In general, the illustrated hydroelectric pumped-storage facility 506 may operate to
provide supplemental energy to a primary electrical system (e.g., primary electrical system 102
of FIG. 1) as follows. When demand on the system 102 is low (i.e., when it drops below a
predetermined first value), the pump 516a begins to operate and the valve 522 in the pump outlet
line opens. While operating, the pump 532 moves fluid from the lower aquifer 510 to the higher
aquifer 508. When the pump 532 is stopped, the valve 522 closes.

When demand on the electrical supply system is high (i.e., it exceeds a predetermined
second value), valve 520 may be opened to enable fluid to flow through bore hole 524b at least
partially under the influence of gravity. Pump 516b may be operated to move fluid from the
upper aquifer 508 into the above-ground pipes 575. The fluid flowing through the bore hole
524b passes through the turbine-generator 518, which essentially converts the fluid’s kinetic
energy into electrical energy. That electrical energy may be fed from the turbine-generator 518
into the primary electrical system to help satisfy the demand on that system.

FIG. 6 is yet another implementation of a hydroelectric pumped-storage facility 606.
Other than a few differences discussed below, the illustrated facility 606 is similar to the facility
206 in FIG. 2.

11
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The illustrated facility 606 includes a first source of water (e.g., reservoir 609) exposed at
the earth’s surface 626 and an aquifer 610 at an elevation below the earth’s surface 626. First
612 and second 614 fluid communication channels extend between the reservoir 609 and the
aquifer 610. The facility 606 includes a turbine-generator 618 associated with the first fluid
communication channel 612 and a pump station 616 associated with the second fluid
communication channel 614. Valves 620, 622 are provided in the first 612 and second 614 fluid
communication channels respectively and are operable to restrict and/or enable fluid flow
through those channels. The facility 606 also includes a controller 641 that may be operable to
control various aspects of the facility’s 606 operations. A bore hole 624 extends from the earth’s
surface vertically downward to a surface just above the lower aquifer 210.

Operation of the facility 606 is similar to operation of facility 206, which is discussed
above.

In some implementations, the first source of water may be a lake, a river, an ocean, a
stream, a man-made tank or any other source of water that may be exposed at or near the earth’s
surface.

A number of embodiments of the invention have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and scope
of the invention.

For example, to help ensure that a sufficient amount of water continues to flow through
the turbine, the first fluid communication channel 212 may include multiple pipes that extend
from the turbine to the lower aquifer. The pipes may terminate at different locations in the
aquifer so that, for example, if one of the locations becomes too saturated to continue absorbing
fluid, it is likely that at least some of the other locations will be able to continue absorbing fluid.
Accordingly, a sufficient amount of fluid flow through the first communication channel 212 may
be sustained to ensure that the turbine-generator continues to operate.

As another example, a hydroelectric pumped storage facility may be adapted to move
fluid between three or more aquifers in order to store and/or release energy.

The techniques disclosed herein can be implemented with various types of aquifers
including, for example, saturated and unsaturated aquifers, as well as confined and unconfined
aquifers. One or more of the aquifers can be man-made. Multiple fluid communication channels
may be connected to a single turbine and/or to a single pump. That may enable a greater amount

of fluid to flow between aquifers. Determining when to move fluid from one aquifer to another
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may be influenced by a wide variety of considerations. For example, fluid may be moved from a
lower aquifer to an upper aquifer during the night and from the upper aquifer to the lower aquifer
during the day.

Additionally, the bore holes that house some of the components disclosed herein can have
different sizes and shapes. Some components including, for example, parts of the fluid
communication channel(s) may be located above ground. Some implementations may include
multiple pumps and/or multiple turbines associated with a single fluid communication channel.
The valves in the fluid communication channels may be configured in a variety of ways.
Multiple valves may be situated at different sections in each fluid communication channel.

Moreover, the generator can be adapted to synchronize and connect to the electrical
supply system in a variety of ways. In some implementations, synchronization and connection is
automated and controlled, for example, by the controller.

Accordingly, other implementations are within the scope of the claims.

13
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What is claimed is:
1. A method comprising:
monitoring demand on an electrical supply system;
if the monitored demand exceeds a predetermined first value:
enabling fluid to flow substantially under the influence of gravity from a first
aquifer to a second aquifer; and
converting kinetic energy associated with the flowing fluid into electrical energy;
and
if the monitored demand drops below a predetermined second value:

moving fluid from the second aquifer to the first aquifer.

2. The method of claim 1 further comprising using the electrical energy to at least partly
satisfy the demand.

3. The method of claim 1 wherein enabling the fluid to flow from the first aquifer to the
second aquifer comprises:
opening a valve in a fluid communication channel between the first aquifer and the

second aquifer.

4, The method of claim 1 wherein converting the kinetic energy of the flowing fluid into

electrical energy comprises causing the flow fluid to flow through a turbine-generator.

5. The method of claim 1 wherein moving fluid from the second aquifer to the first aquifer

comprises pumping the fluid.

6. The method of claim 1 wherein the first aquifer is at a higher elevation than the second
aquifer.
7. A system comprising:

a first aquifer;

a second aquifer;

14
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one or more fluid communication channels that facilitate fluid flow between the first and
second aquifers; and

a turbine-generator arranged to convert kinetic energy of fluid flowing from the first
aquifer to the second aquifer through one or more of the fluid communication channels into

electrical energy.

8. The system of claim 7 wherein one or more of the fluid communication channels are

adapted to enable fluid to flow to the turbine-generator substantially under the influence of

gravity.

0. The system of claim 7 further comprising a pump to move fluid from the second aquifer

to the first aquifer.

10.  The system of claim 9 wherein the pump is located in the second aquifer.

11.  The system of claim 9 wherein the pump and the turbine-generator are housed together in

a single reversible pump-turbine.

12.  The system of claim 9 wherein the one or more fluid communication channels comprises:
a first fluid communication channel; and
a second fluid communication channel,
wherein the turbine is operable to receive fluid flowing through the first fluid
communication channel, and
wherein the pump is operable to move fluid through the second fluid communication

channel.

13.  The system of claim 7 further comprising a valve in each of the fluid communication

channels.

14.  The system of claim 7 wherein the turbine-generator is operable to supply, when demand
exceeds a predetermined value, the electrical energy to an electrical supply system whose

demand varies over time.
15
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15.  The system of claim 7 further comprising a controller operable to:
monitor demand on an electrical supply system;
if the monitored demand exceeds a predetermined first value:
enable the fluid to flow from the first aquifer to the second aquifer; and
cause the electrical energy to be used to at least partly satisfy the demand; and
if the monitored demand drops below a predetermined second value that is lower than the
predetermined first value:

cause fluid to be moved from the second aquifer to the first aquifer.

16.  The system of claim 7 wherein the first aquifer is at a higher elevation than the second

aquifer.

17.  The system of claim 7 wherein the turbine-generator is positioned a sufficient distance
above the second aquifer that the second aquifer’s permeability does not adversely impact fluid
flow through the one or more fluid communication channels to a degree that compromises

operation of the turbine-generator.

18.  The system of claim 7 wherein the one or more fluid communication channels that
facilitate fluid flow comprises:
pipes that extend from the turbine-generator to a plurality of locations in the second

aquifer.

19. A method of supplying electricity to an electric load whose demand varies over time, the
method comprising:
supplying electricity to the electric load from an electrical supply system;
monitoring the varying demand over time;
if the monitored demand exceeds a first predetermined value:
enabling fluid to flow substantially under the influence of gravity from a first
aquifer to a second aquifer; and
converting kinetic energy of the flowing fluid into electrical energy to supplement

energy from the electrical supply system; and
16
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if the monitored magnitude drops below a second predetermined value:

moving fluid from the second aquifer to the first aquifer.

20.  The method of claim 19 wherein converting the kinetic energy of the flowing fluid into
electrical energy comprises directing the flowing fluid to flow through a turbine-generator, the

method further comprising directing the electrical energy to at least partly satisfy the demand.

21. A method comprising:
monitoring demand on an electrical supply system;
if the monitored demand exceeds a predetermined first value:
enabling fluid to flow substantially under the influence of gravity from a body of
fluid at an elevation above an aquifer to the aquifer; and
converting kinetic energy associated with the flowing fluid into electrical energy;
and
if the monitored demand drops below a predetermined second value:

moving fluid from the aquifer to the body of fluid.

22.  The method of claim 21 wherein converting the kinetic energy of the flowing fluid into

electrical energy comprises causing the flowing fluid to flow through a turbine-generator.

23.  The method of claim 21 wherein the body of fluid comprises a reservoir exposed at a

surface of the earth.

24. A system comprising:

a body of fluid;

an aquifer;

one or more fluid communication channels that facilitate fluid flow between the body of
fluid and the aquifer;

a turbine-generator arranged to convert kinetic energy of fluid flowing from the body of
fluid to the second aquifer through one or more of the fluid communication channels into
electrical energy; and

a pump to move fluid from the second aquifer to the first aquifer.
17
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