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(57) Abrége/Abstract:

A geothermal power generation system having an input well (1) extending from the surface (3) into a hot rock strata (4) and an
output well (5) spaced away from an input well extending from the surface into the hot rock strata. The input and output wells
extend Into the hot rock strata. A horizontal bore (6) connects the two wells together. The bore Is located In the hot rock strata
and consists of a casing (8,9) alone or a casing and a backfill between the casing and the hole. Alternatively, the system may

consist of only one vertical well and a horizontal bore extending into the hot rock strata and a pipe that returns the water into the
horizontal bore.
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(57) Abstract: A geothermal power generation system having an input well (1) extending from the surface (3) into a hot rock strata
(4) and an output well (5) spaced away from an input well extending from the surface into the hot rock strata. The input and output
wells extend into the hot rock strata. A horizontal bore (6) connects the two wells together. The bore is located in the hot rock strata
and consists of a casing (8,9) alone or a casing and a backfill between the casing and the hole. Alternatively, the system may consist
of only one vertical well and a horizontal bore extending into the hot rock strata and a pipe that returns the water into the horizontal
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GEOTHERMAL POWER GENERATION

Background

The present invention relates to a geothermal power generations system and more
particularly to an improved geothermal power generation system in which the water 1n the
hot rock strata is not used and water from an outside source is used and can be recycled.
Geothermal power generation systems have been used for years. The usual system
comprises drilling a well into a hot rock strata containing hot water. If the strata is dry and
hot, then water may be pumped into the well and into the hot rock strata. The hot rock
strata either contains hot water or will heat the water that is pumped in until it reaches a
temperature and pressure that exceeds the conditions necessary for the formation of steam.
The hot water flows or is pumped out of the well and when the pressure is released the hot
water and steam are separated and the steam is used to operate a turbine that turns an
electrical generator or some other mechanism. The generator may be connected to a power
orid for transport of the electricity to the point of use or the power may be used on site.
The ground water may require treatment before it is returned to the hot rock strata. It has
been found that in current geothermal power generation systems the natural water or the
water that is pumped into the hot rock strata is highly contaminated. The water is generally
high in solids and may contain scaling or corrosive chemicals, or both and requires

treatment before it can be returned to the hot rock strata. After the steam is used to turn a
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turbine and the steam condensed to its water phase, the resulting water 1s contaminated and
requires treatment before passage through the piping and processing basins and before it
can be returned to the hot rock strata.

It has also been noted that the use of a single well into which water 1s pumped into
and the steam is pumped out of, limits the location of the generator turbine as well as the
wells themselves since they must be located close to each other 1f a single well 1s used to
both receive water, pump out steam and return water to the strata. In addition, the use of a
single well limits the amount of time that the water 1s within the hot rock strata thereby
lowering the efficiency of the system.

Objects

The present invention overcomes these difficulties and has for one of its objects the
provision of an improved geothermal generation system in which the water obtaining heat
from the hot rock strata does not become contaminated so that it can be recycled, does not
require chemical treatment beyond that used in standard boiler water treatment, and is
economical 1n the amount of water used. Another object of the present invention is the
provision of an improved geothermal power generation system in which the turbine turning
a generator or other mechanism that is to be powered by the steam needed not be located

near the input well that is used to recetve water into the ground and can be at a location

- remote from that well. Another object of the present invention is the provision of an
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improved geothermal power generation system in which the system is more efficient.
Another object of the present invention is the provision of an improved geothermal power
generation system in which the system is easy to install because the wells can be drilled by
horizontal well drilling techniques in common use in the oil industry. The improved
geothermal power generation system 1s simple to use. Another object of the present
invention is that the system is maintained without withdrawing water from the strata so that
the pressure in the strata is maintained. Other and further objects will be obvious upon the
understanding of the illustrative embodiment about to be described, or which will be
indicated in the appended claims, and various advantages not referred to herein, will occur
to one skilled in the art upon employment of the invention in practice.
Drawings

A preferred embodiment of the invention has ben chosen for the purposes of
illustration and description and is shown in the accompanying drawings forming a part of
the specification wherein:

Fig. 1 1s a diagrammatic view of the geothermal power generation system using a
separate inlet and outlet well made in accordance with the present invention. Fig. 2 is a
diagrammatic view of the geothermal power system combining the inlet and outlet in a

single well.

Description
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Referring to the drawing, Figure 1, the geothermal power generation system of the
present invention comprises an input well 1 which is sunk into the ground 2 through the
surface 3 until it strikes the hot rock layer or strata 4 in the ground 2. At a location remote
from the input well 1, an output well 5 is also formed which penetrates the surface 3 and
also extends into the hot rock strata 4. As the well approaches the hot rock strata, the well
is turned from vertical to horizontal 6 and is drilled through the hot rock strata 4 and when
adequate distance for heating the water is reached, the well bore is turned to the vertical and
drilled until it reaches the surface. Therefore, the input well 1, the horizontal well bore 6
-and the output well 5 form a continuous path from the surface, down to the hot rock strata,
up through the overlying material and reaching the surface through well 5. In the drawing,
the well bore 6 is shown as being horizontal. However, it will be understood that the well
bore 6 may have a different orientation if desired. As shown in the drawing, more than one
horizontal well can be drilled from a single vertical well. A generator turbine assembly 10
or some other mechanism that is to be operated by steam, is located near the output well 5
and is connected to the output well 5 so that steam leaving the output well 5 will operate
the generator turbine assembly 10 or similar mechanism to produce power or perform some
other function.

With this system clean water is pumped into the input well 1 and released at point

12, moves through the well bore 6 in the hot rock strata 4 where it is turned to steam and 1s
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removed from the ground through the output well 5 to operate a generator turbine assembly
10 or some other mechanism. As the steam condenses, in condenser 13, and returns to its
water phase, the water should then be stored in tank 14, purified in plant 15, and pumped
back into the input well 1 in order to repeat the operation. However, should the
water/steam become contaminated, it cannot be recycled and since it may adversely aftect
the operation of the generator turbine assembly. Hence, the water will pass through a water

purification process 15 once each cycle that will maintain its purity.

In order to prevent contamination of the steam/water as it passes through the well
bore 6 in the hot rock strata 4, the well bore 6 is lined and/or made of material that resists
corrosion 7 so that the water/steam does not come into contact with the hot rock strata 4.
The wells 1 and 5 and the well bore 6 may be cemented in place in accordance with the
standard oil and water well practice. Hence the water/steam remains clean and can be
recycled after it operates the generator turbine assembly and no water is wasted. In order
to further prevent the water/steam from becoming contaminated it is desirable to have the
input well 1 and the output well 5 also lined with non-corrosive casing 8 and 9, respectively,
and the casing cemented in place, so that when the water enters the input well 1 1t does not
come into contact with the ground rock 2 and is not contaminated and when the steam exits
from the output well 5, it will not become contaminated since it will not come into contact

with the ground rock 2. The water/steam remains clean and can be recycled without danger
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of contamination. Hence, the system of the present invention saves water since the water
need not be discarded and saves the expensive treatment required if contaminated ground
water is circulated through the system. It will also be noted that the present invention
permits the output well 5 to be located at a'place remote from the input well 1. The outlet
well 5 can be built close to the generator turbine assembly 10. If for some reason it is not
feasible for the input well 1 to be located near the generator turbine assembly 10 it can be
dug at a location remote from the input well 1 since the well bore 6 may be of any desired
length provided that it mostly is located in the hot rock strata, and as a minimum, needs to
be long enough to heat the water to steam, without adversely affecting efficiency and
operation of the system of the present invention.

It will thﬁs be seen that the present invention provides an improved geothermal
power generation system in which the water entering the hot rock strata is not contaminated
so that it can be recycled, in which the generator turbine or other mechanism that 1s
powered by the steam need not be located near the input well that is used to receive water
into the ground ;and can be at a location remote from that well, which will not waste water,
which is more efficient and which is easy to install and simple to use.

A variation of the system described above is shown in Figure 2. All of the element
of the System shown in Figure 1 are present. The same results are accomplished with a

single vertical well and one or more horizontal wells. The water is returned to the
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horizontal reach of the well with a tubing that extends down the casing and discharges at
the end of the casing. The water is converted to steam as it flows back out the single well
and hence to the turbine.

In either embodiment, the treated water may be at either end of the hot water let or
distributed along all or part of the hot water leg.

In the drawing, it will be understood that there be one or more hot legs. The hot
legs may all operate at the same time or they may be used in sequence with one hot leg in
operation while the other legs are heating up until the other legs are ready and are
sequentially put into service.

In the drawings, the hot leg is shown as being level, but it may slope up or down.
The slope may be changed in order to improve the position in the hot rock strata.

The hot leg may require cleaning at infrequent intervals. If required, the water inlet
pipe is removed and a cleaning mechanism is run into or through the line. This loosens the
objectionable material, which is usually scale. The debris can then be pushed out of the pipe
ad the water inlet pipe returned in place after the cleaning is complete.

As many varied modifications of the subject matter of this invention will become
apparent to those skilled in the art from the detailed description given hereinabove, it will be
understood that the present invention is limited only as provided in the claims appended

hereto.
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THE EMBODIMENT OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A geothermal power generation system comprising a substantially vertical
input well bore, said input well bore extending from the surface into the
ground, a substantially vertical output well bore, the output well bore
extending from the surface into the ground, a substantially horizontal well
bore connecting the two well bores togethef, at least a portion of said
horizontal well bore being located in a hot rock strata, all of said vertical and
horizontal bores being lined with a casing in order to prevent a fluid flowing
through the well bores from coming into contact with the ground or ground
water.

2. A system as set forth in claim 1, as set forth in claim 1, wherein said mput
well bore and said output well bore are spaced from each other.

3. A system as set forth in claim 2 wherein a single vertical well bore and one
or more horizontal well bores within the hot rock strata function the same
as the two bore system.

4. A system as set forth in claim 2, wherein the said horizontal well bore 1S
wholly within the hot rock strata.

5. A system as set forth 1n claim 4, wherein said input and output well bores
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extend into the hot rock strata

6. A system as set forth in claim 5, wherein the input well bore 1s adapted to
receive water and the output well bore is adapted to have steam removed
therefrom, and means for passing said water from said input well bore
through the horizontal well bore in order to turn the water into steam.

7. A system as set forth in claim 6, wherein steam or water from the condenses
steam from the output well bore is returned to the input well bore in order to

be recycled.
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