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(57) Abrégée/Abstract:
There Is provided a method for drilling a hole and installing a geothermal transfer apparatus. A sonic drilling apparatus Is positioned

at a desired location. The sonic drilling apparatus includes a rotating and vibrating apparatus for rotating and vibrating a hollow drill
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(57) Abrege(suite)/Abstract(continued):

string into the ground, the hollow drill string having an inner space. The hole Is drilled to a desired depth by rotating and vibrating
the hollow drill string Iinto the ground while discharging fluid into the inner space of the hollow drill string. A geothermal transfer
apparatus Is fitted to a reinforced steel structure and lowered into the inner space of the hollow drill string following the drilling of the
hole to the desired depth. The drill string Is then removed from the ground.
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ABSTRACT

There is provided a method for drilling a hole and installing a geothermal transfer apparatus.
A sonic drilling apparatus is positioned at a desired location. The sonic drilling apparatus
includes arotating and vibrating apparatus for rotating and vibrating a hollow drill string into
the ground, the hollow drill string having an inner space. The hole is drilled to a desired
depth by rotating and vibrating the hollow drill string into the ground while discharging fluid
into the mner space of the hollow drill string. A geothermal transfer apparatus is fitted to a
reinforced steel structure and lowered into the inner space of the hollow drill string following
the drilling of the hole to the desired depth. The drill string is then removed from the ground.
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A METHOD AND SYSTEM FOR INSTALLING GEOTHERMAL TRANSFER
APPARATUSES WITH A SONIC DRILL

BACKGROUND OF THE INVENTION

[0001]  Thus invention relates to geothermal heat exchange systems and underground
thermal energy storage systems and, in particular, to a method of installing geothermal

transfer apparatuses with a sonic drill.

[0002]  Geothermal heat exchange systems and underground thermal enmergy storage
systemns are environmentally friendly, enmergy efficient, heating and cooling systems.
Accordingly, there is a rising demand for such systems (or both commercial and residential
properties. There is therefore a need for a quick and efficient method of installing the
geothermal transfer apparatuses used in many geothermal heat exchange systems and

underground thermal encrgy storage systems.

SUMMARY OF THE INVENTION

[0003] There is provided a method for drilling a hole and installing a geothermal transfer
apparatus. A sonic¢ drilling apparatus is positioned at a desired location. The sonic drilling
apparatus includes a rotating and vibrating apparatus for rotating and vibrating a hollow drill
string into the ground, the hollow drill string having an inner space. The hole is drilled to a
desired depth by rotating and vibrating the hollow drill string into the ground while
discharging fluid into the inner space of the hollow drill string. A geothermal transfer
apparatus is fitted to a reinforced steel structure and lowered into the inner space of the
hollow drill string following the drilling of the holei to the desired depth. The drill string is
then removed from the ground and the hole is grouted.
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[0004] The method allows for cased holes to be drilled quickly and 1n litholgies that are
often difficult for conventional drill rigs to drill in. The method also allows for more accurate

control and monitoring the grouting process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] In the drawings:

Figure 1 is an elevational, partially in section, view of a drilling rig drilling a hole;

Figure 2 is an elevational, cross-sectional, view illustrating pressurized fluid being

discharged into the hole of Figure 1;

Figure 3 is an elevational, cross-sectional, view illustrating a geothermal transter apparatus

being lowered into hole of Figure 1;

Figure 4, is a fragmentary, partially in section, view of the geothermal transfer apparatus of
Figure 3;

Figure 5 is an elevational, partially in section, view of a grouting rig grouting the hole of
Figure 1 during installation of a geothermal heat exchange system or underground thermal
energy storage system;

Figure 6 is a perspective view of a geothermal heat exchange system;

Figure 7 is a perspective view of an underground thermal energy storage system;
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Figure 8 is an elevational, partially in section, view of a grouting rig grouting the hole of

Figure 1 during the installation of an energy pile;

Figure 9 is view taken along line A-A of Figure 8;

Figure 10 is a perspective view of an energy pile;

Figure 11 is an elevational, partially in section, view of a cement truck discharging concrete

into the hole of Figure 1 during the installation of a cast-in-place concrete pile; and

Figure 12 is a perspective view of a cast-in-place concrete pile.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0006] Referring to the drawings, and first to Figure 1, this shows a drilling rig 10 drilling
a hole 12 into the ground 14. The drilling rig 10 generally comprises a drilling apparatus 20
mounted on a movable vehicle 50. The vehicle 50 is at a desired drilling location on the
ground surface 15 and the drilling apparatus 20 is in a desired drilling position. A drill pipe
22 is operatively connected to the drilling apparatus 20. The drill pipe 22 1s hollow and open
at both ends. A proximal end 23 of the drill pipe 22 is threadedly connected to the drilling
apparatus 20, and a distal end 24 of the drill pipe 22 is threadedly connected to a drill bit 28.
In this example, the drill bit 28 is a ring bit which is concentric with the drill pipe 22. The
combination of the drill pipe 22 and the drill bit 28 form an open ended drill string 30. There
is a cavity or inner space 35 defined by the drill string 30.

[0007] In this example, the drilling apparatus 20 is a rotary and vibratory apparatus in the
form of a sonic drill. Sonic drills are well known in the art and examples of sonic drills are

described in my earlier United States Patent Numbers 5,027,908 and 5,409,070. Accordingly,
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the drilling apparatus 20 is not described in more detail herein. The drilling apparatus 20
rotates and vibrates the drill string 30 into the ground 14. A hose 42 hydraulically connects
a pump apparatus 40 to the drilling apparatus 20. During the drilling process pressurized
fluid is pumped by the pressurized fluid pump apparatus 40 along the hose 42, through the
drilling apparatus 20, and into the inner space 35 of the drill string 30 as indicated by arrow
44. In this example, the pressurized fluid is water but water with added components such as
polymer or clay may also be used. The pressurized fluid has a pressure range of between 100
- 5000 psi, with the preferred pressure range being between 500 - 2000 psi. This pressure

facilitates faster drilling in ground conditions that would otherwise block the flow of

pressurized fluid from the drill bit 28.

[0008] A fluid column 37 fills the inner space 35 of the drill string 30 and acts as a plug
to impede the entry of ground materials into the inner space 35 of the drill string 30. The
diameter of the hose 42 is less than the diameter of the inner space 35 of the drill string 30.
This prevents the pressurized fluid from being pushed back through the hose in response to
high pressure spikes created when the pressurized fluid impacts the ground 14 at the bottom
of the hole 12. The vibrating drill string 30 causes the fluid column 37 to oscillate at the
same frequency as the drill string 30. The pressure spikes thus created cause the fluid column

37 to act in a manner similar to a water hammer, thereby adding an additional drilling force.

[0009] At minimum, sufficient pressurized fluid 1s pumped into the inner space 35 of the
drill string 30 to form the fluid column 37 which impedes the entry of ground debris into the
inner space 35 by pushing the debns into the ground. However, as shown in Figure 2,
additional pressurized fluid may be pumped into the inner space 35 in order to carry ground
debris and cuttings up an annulus 13, between the drill string 30 and the hole 12, to the
ground surface 15. Arrow 44 indicates the direction of the flow of pressurized fluid into the
ground 14 through the inner space 35 of the drill string 30. The excess pressurized fluid is
pushed down and around the drill bit 28 and up the annulus 13 towards the ground surface

15 asindicated by arrows 45 and 46. The pressurized fluid carries ground debris and cuttings

-4 -
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as it moves up the annulus 13 to the ground surface 15 where the pressurized fluid and

cuttings arc ¢xpelled from the hole 12 as indicated by arrows 47 and 48.

[0010] Additional drill pipes (not shown) may be added in sequence to the drill string 30.
Each additional drill pipe has a first end and a second end. The additional drill pipes are
hollow and open at both ends. First ends of the additional drill. pipes are threadedly
connected to the drilling apparatus 20 and second ends of the additional drill pipes are
threadedly connected to the dnll string 30. The additional drill pipes may then be rotated and
vibrated into the ground to increase the depth of the hole 12. The additional drill pipes may
be added manually or with an automated drill pipe handling apparatus. As shown in Figure
3, once the hole 12 has been dnlled to a desired depth, the drill string 30 1s disconnected
from the drilling apparatus 20 leaving the hole 12 which is cased by the drill string 30. A
geothermal transfer apparatus 70, which 1s capable of transferring beat to and from the

ground 14, is then lowered into the cased hole 12 through the inner space 35 of the drill
string 30.

[0011] Inthis example, the geothermal transfer apparatus 70 is a coaxial-flow geothermal
transfer apparatus which is best shown in Figure 4. The geothermal transfer apparatus 70 is
sumilar to the type disclosed 1 United States Patent Number 7,347,059 to Kidwell et al. As
shown in Figure 4, the co-axial geothermal transfer apparatus 70 comprises an outer,
thermally-conductive, conduit 72 and an inner conduit 74 disposed within the outer conduit
72. The inner conduit 74 has a plurality of connected fins 76a, 76b and 76¢ which form a
spiral annular flow channel between the inner conduit 74 and the outer conduit 72. In
operation, fluid 1s pumped from the ground surface down the inner conduit 74 where it exits
ata distal end of the inner conduit 74 as indicated by arrows 71 and 73. The fluid then flows
along the annular flow channel back up to the ground surface as indicated by arrows 75 and

77. The circulating fluid allows for heat transfer between the ground and an ambient

environment.
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[0012] It is known to use coaxial-flow geothermal transter apparatuses in geothermal heat
exchange systems as i1s disclosed in United States Patent Number 7,363,769 and
continuations thereof to Kidwell et al., in which a coaxial-flow geothermal transfer apparatus
is coupled to aheat exchanger. 'Accordingly, the present method provides an improved Iﬁeans
of installing coaxial-flow geothénnal transfer apparatuses used in geothermal heat exchange

Systems.

t0013] In other examples, the geothermal transfer apparatus may be a superconduting heat
transfer device similar to the types disclosed in United States Patent Numbers 6,132,823 and
6,911,231 to Qu. Superconducting heat transfer devices allow for bi-directional heat transfer
to and from the ground. The superconducting heat transfer device disclosed by Qu generally
includes a substrate, in the form of a conduit, which carrics a superconducting heat transfer
medium. The superconducting heat medium is applied to an inner surface of the conduit in

three basic layers, the first two being prepared from solution and the third being a powder.

[0014]  The first layer of the superconducting heat medium comprises at least one
compound selected from the group consisting of sodium peroxide, sodium oxide, beryllium
oxide, manganese sesquioxide, aluminum dichromate, calcium dichromate, boron oxide, and
a dichromate radical. The first layer of the superconducting heat medium is absorbed into the
inner surface of the conduit and is an anti-corrosion layer which prevents etching on the inner
surface of the conduit. In theory the first layer also causes re-alignment of the atomic
apparatus of the material comprising the conduit so that heat may be more readily absorbed.
A further function of the first layer is to prevent the inner surface of the conduit from

producing oxides as oxidation of the inner surface of the conduit will cause heat resistance.

[0015]  The second layer of the superconducting heat medium comprises at least one

compound selected from the group consisting of cobaltous oxide, manganese sesquioxide,
beryllium oxide, strontium chromate, strontium carbonate, rhodium oxide, cupric oxide,

B-titanium, potassium dichromate, boron oxide, calcium dichromate, manganese dichromate,

-6 -
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aluminum dichromate, and a dichromate radical. The second layer of the superconducting
beat medium prevents the production of elemental hydrogen and oxygen thus restraining
oxidation between the oxygen atoms and the atoms of the material comprising the conduit.
In theory the second layer conducts heat across the inner conduit surface. A further function
of the second layer is to assist in accelerating molecular oscillation and friction associated
with the third layer of the superconducting heat medium so as lo provide a heat pathway for

conduction.

[0016] The third layer of the superconducting heat medium compriscs at least one
compound selected from the group consisting of denatured rhodium oxide, potassium
dichromate, denatured radium oxide, sodium dichromate, silver dichromate, monocrystalline
silicon, beryllium oxide, strontium chromate, boron oxide, sodium peroxide, B-titanium, and
a metal dichromate. The third layer of the superconducting heat medium 15 believed to
generate heat once the superconducting heat medium 1s exposed to a minimum activation
temperature. Upon activation atoms in the third layer of the superconducting heat medium

begin to oscillate in concert with atoms in the first and second layers of the superconducting

- heat medium. Experimentation has shown when such a superconducting heat medium is

properly disposed on a substrate it has a thermal conductivity that is generally 20,000 times
higher than the thermal conductivity of silver.

[0017] It is known to use geothermal trapsfer apparatuses comprising a thermal
superconducting medium in geothermal heat exchange systems as 1s disclosed in United
States Patent Number 7,451,612 to Mueller et al., in which a geothermal transfer apparatuses

comprising a thermal superconducting medium is coupled to a heat exchanger. Accordingly,

the method invention also provides an improved means of installing geothermal transfer

apparatuses comprising a thermal superconducting medium and which are used in

geothermal heat exchange systems.
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[0018] Referring now to Figure 5, once the geothermal transfer apparatus 70 has been
completely lowered into the hole 12 the hole 12 may be grouted. The hole 12 may be grouted
with the drill string 30 remaining in the ground 14 or after the drill string 30 has been
removed from the ground 14. In this example, grouting is accomplished by the tremie line
method. A tremie line hose 80 is lowered into the hole 12. The tremie line hose 1s comprised
of a steel pipe section 82 at a first end and a flexible tube section 81 at a second end thereot.
The steel pipe section 82 is the lead end of the tremie hose line 80 lowered into the hole 12.
A pump 86 pumps thermally conductive grouting material 120 from a reservoir 88 along the
tremie hose line 80 to the bottom of the hole 12. The grouting material 120 encompasses the
geothermal transfer apparatus 70. As the hole 12 is filled from the bottom up, a tremie line
hose reel 87 pulls the tremie line hose 80 out of the hole 12, so as to maintain the lead end
of the of the tremie line hose 80 below the grouting material 120. This process is continued
until the hole 12 has been filled with grouting material 120 and the grouting material
encompasses the portion of the geothermal transfer loop 70 which 1s below the ground

surface 135.

[0019] In other examples, grouting may be accomplished by the pressure grouting method.
Pressure grouting may be accomplished by attaching a grout line to the top of the of the drill
string 30 or a grout line can be attached to the swivel on the drill head. As the drill string 30
isremoved from the ground, grouting material is simultaneously pumped into the inner space
35 of the drill string 30. The grouting is topped up once the casing has been removed. In
some cases grouting may not be required, for example in silty or sandy soils which collapse

about the geothermal loop when the drill string 1s removed.

[0020] As shown in Figure 6, once the grouting process is completed, either by the tremie
line method or the pressure grouting method, the geothermal transfer apparatus 70 may be
operatively connected to the heat exchanger 100 disposed within in building 101, or other
structure housing an ambient environment, to form a geothermal heat exchange system. The

geothermal transfer apparatus 70 may also be operatively connected below the ground
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surface 15, in series, to additional geothermal transfer apparatuses below the ground surface.

The series of geothermal transfer apparatuses are then connected to a communal heat

exchanger.

[0021] Alternatively, as shown in Figure 7, the geothermal transfer apparatus 70 may be
operatively connected to a heat pump 103, which is turn 1s coupled to a thermal energy
collector 105, to form an underground thermal energy storage system. In the example shown
in Figure 7, the geothermal energy collector 105 is a solar energy collector disposed in a
roadway 107. Heat from solar radiation on the surface of the roadway 107 is collected by the
thermal energy collector 105 during the summer. The heat is then pumped, by the heat pump
103, into the ground 14 where it is stored. The stored heat may later be used to melt snow or
ice on the surface of the roadway 107 during the winter. In another example, heat from the
ground may be used to heat cold air during the winter. This causes a lowering of the ground
temperature. The lowered ground temperature may later be used to cool an ambient
environment during the summer. Accordingly, both heat and cold may be stored in

underground thermal energy storage systems.

[0022] Referring now to Figures 8 and 9, in another application, a geothermal transter
apparatus 70.1 fitted to a reinforced steel structure 92 1s lowered into the cased hole 12.1
drilled according to the present method. In Figures 8 and 9 like structure and environment
have been given like reference numerals as in Figure 5 with the additional numerical
designation “1.”. In this example, the geothermal transfer apparatus 70.1 1s a geothermal
transfer loop. However, it will be understood by a person skilled in the art that any
geothermal transfer apparatus capable of transferring heat to and from the ground may be
used. Once the combination of the geothermal transfer apparatus 70.1 and reinforced steel
structure 92 are lowered into the hole 12.1 the hole 12.1 may be grouted with concrete 93
using the tremie line method, previously described herein, to form an energy pile 94 which
is shown in Figure 10. In Figure 10 like structure and environment have been given like

reference numerals as in Figure 6 with the additional numerical designation “.1”. The energy

_Q.



10

15

20

25

CA 02599019 2007-08-27

pile 94 provides foundational support to a building 101.1 and is also operatively connected
to a heat exchanger 100.1 disposed within the building 101.1 to form a geothermal heat
exchange system. Accordingly, energy piles are a cost-effective way of installing geothermal
heat exchange systems in ground conditions where foundation piles are required. Presently
such energy piles are being installed by Cementation Foundations Skanska of Maple Cross

House, Denham Way, Maple Cross, Rickmansworth, Herts, United Kingdom, WD3 9SW.

[0023] Referring now to Figures 11 and 12, in yet another application, the cased hole12.2
drilled according to the present method may be filled with concrete for the installation of
cast-in-place concrete piles. In Figures 11 and 12 like structure and environment have been
given like reference numerals as in Figures 5 and 6, respectively, with the additional
numerical designation “.2 ”. There are many advantages to using cast-in-place concrete piles
over traditional timber piles. For example, cast-in-place concrete piles are free from decay
or attack by insect or marine borers. The load capacity of concrete is also greater than that
of wood. As shown in Figure 11, once the cased hole 12.2 is drilled to a desired depth,
according the above-described method, a cement mixer 91 discharges concrete 93 into the
hole 12.2. When the hole 12.2 is full of concrete the drill string 30.2 1s vibrated out of the
hole. As the drill string 30 is vibrated out of the hole the concrete 93 is forced to flow into
a void created by the drill string 30 and intermingles with the surrounding soil particles
creating a very strong bond after the concrete 93 has cured. The resulting cast-in-place

concrete piles 95a, 95b and 95¢ are shown in Figure 12 and may be used to provide

foundational support for a building.

[0024] It will be understood by someone skilled in the art that many of the details provided

above are by way of example only and can be varied or deleted without departing from the

scope of the invention as set out in the following claims.

- 10 -
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WE CLAIM:

A method of dnlling a hole into the ground and installing a geothermal transfer

apparatus, the method comprising:

positioning a sonic drilling apparatus at a desired location, the sonic drlling
apparatus including a rotating and vibrating apparatus for rotating and vibrating a
hollow drill string into the ground, the hollow drill sting having an inner space;

drilling the hole to a desired depth by rotating and vibrating the hollow drill string
into the ground and discharging a fluid into the inner space of the hollow drill stting;

fitting the geothermal transfer apparatus to a remforced steel structure prior and

lowering both the geothermal transfer apparatus and the reinforced steel structure into
the inner space of the hollow drill string following the drilling of the hole to the
desired depth; '

removing the hollow drill string from the ground.

The method claimed in claim I, further mcluding discharging grouting material into
the hole following the lowering of the geothermal transfer apparatus and the

reinforced steel structure into the inner space of the hollow drill string.

The method claimed in claim 1, further including vibrating the hollow drill string out
of the ground while simultaneously discharging grouting material into the inner space
of the hollow drill string following the lowering of the geothermal transfer apparatus
into the inner space of the hollow drill string.

-11 -
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The method claimed in claim 1, further including operatively connecting the

geothermal transfer apparatus to a heat exchanger.

The method claimed in claim 1, further including discharging sufficient fluid into the
inner space of the hollow drill string to keep the inner space clear of debris.

The method claimed in claim 1, further including discharging sufficient fluid into the
inner space of the hollow drill string to either carry debris up an outside of the hollow
drll string to the ground surface or push debris into the ground.

The method claimed 1n claim 1, further including using a coaxial-flow geothermal
transfer apparatus as the geothermal transfer apparatus.

The method as claimed n claim 1, further including using a geothermal transfer

apparatus comprising of a thermal superconducting medium.

The method as claimed 1 claim 1 further including using a geothermal transfer loop

as the geothermal transfer apparatus.

The method as claimed 1n claim 10 further including using concrete as the grouting

material.

-12 -
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