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REDUCTION IN BENTONITE-BASED GROUT CONCENTRATION
IN GROUT FLUIDS
Background
[0001] The present disclosure relates generally to grout fluids, and to methods of using the
grout fluids in geothermal grout systems, well abandonment applications, and annular sealant
applications. In particular, the present disclosure relates to grout fluids having a reduced
concentration of grout, and methods of using the grout fluids.
[0002] Grouting is the process of placing an effective seal in a hole. The sealing agents used
are generally known as grouts. To be effective, they must be easy to put in place and must have
low permeability to limit the migration of contaminants to the subsurface.
[0003] Generally, the objective of proper grouting is to replace the native material removed
during drilling with a product that meets or exceeds the sealing capability of the native material
removed. A hole (e.g., a borehole) provides a conduit for contamination from the surface to the
subsurface.
[0004] Although there are multiple formulations for grouts throughout the industrial drilling
industries, the grout to water ratio has remained fairly consistent. Grout fluids generally have a
high solids content, e.g., about 28% to about 72% total solids by weight. Grout fluids have likely
not changed due to the presumption that a lower solids content would cause the grout fluid to no
longer meet the required industry permeability standard. Users in the field, however, would
greatly benefit from mixing lower concentrations of grout with water.
[0005] Thus, there is a continuing need for improved grout fluids and methods for

geothermal and sealing applications.

Brief Description of the Drawings

[0006] The following figures are included to illustrate certain aspects of the present
invention, and should not be viewed as an exclusive embodiment. The subject matter disclosed
is capable of considerable modification, alteration, and equivalents in form and function, as will
occur to those of ordinary skill in the art and having the benefit of this disclosure.

[0007] FIG. 1 illustrates a schematic of a system configured to deliver a grout fluid of the
present disclosure to a downhole location for grouting a geothermal well loop, according to one

or more embodiments;
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[0008] FIG. 2 depicts a method of using a grout fluid according to one or more
embodiments;

[0009] FIG. 3 depicts a method of using a grout fluid according to one or more
embodiments; and

[00010] FIG. 4 illustrates the results of permeability testing on grout fluids according to one

or more embodiments.

Detailed Description

[00011] Grout fluids are provided having a significant reduction in the concentration of
bentonite-based grout. As used herein, “bentonite-based grout” refers to a grout having at least
60 percent by weight bentonite based on the total weight of the grout. For example, a bentonite-
based grout may include at least about 65 weight percent bentonite, at least about 70 weight
percent bentonite, or at least about 75 weight percent bentonite, based on the total weight of the
grout. As used herein, “grout” refers to the total solids content present in the grout fluid. For
example, the typical concentration of bentonite-based grout in grout fluids is about 50 pounds of
grout in about 14-22 gallons of water. In one or more embodiments, the concentration of
bentonite-based grout is reduced so that it is about 15 pounds of grout per about 11.5 gallons of
water, about 15 pounds of grout per about 27 gallons of water, about 25 pounds of grout per
about 11.5 gallons of water, or about 25 pounds of grout per about 27 gallons of water, including
all the values in between these concentrations. In one or more embodiments, the bentonite-based
grout concentration is reduced to about 25 pounds of grout per about 14 gallons of water, or
about 25 pounds of grout per about 20 gallons of water, including all the values in between these
concentrations. In one or more embodiments, the bentonite-based grout concentration is about
0.5 pounds of grout per gallon of water to about 2.2 pounds of grout per gallon of water. In one
or more embodiments, the concentration of bentonite-based grout is reduced to about 50 pounds
of grout per about 30 to about 50 gallons of water, or about 1 pound of grout per gallon of water
to about 1.7 pounds of grout per gallon of water. Advantageously, this reduction in grout
concentration does not significantly impact grout properties such as permeability, suspension,
slurry volume yield, grout consistency (or “set”), and fluidity or pumpability.

[00012] The grout fluids of the present disclosure may be used in a variety of applications.

For example, the grout fluids may be used in in geothermal applications, abandonment
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applications, and sealant applications. As further discussed below, the grout fluids can be
formulated so as to reduce the grout concentration by about half the typical usage while
maintaining the expected and intended properties of an industry standard grout. The applications
generally include placing a conduit in at least one hole formed in the earth, and contacting the
conduit with the grout fluid. The hole in the earth may be a borehole that has been drilled in the
earth to a depth sufficient to hold the conduit therein. The hole may be horizontal, sub-
horizontal, or directional drilled. As used herein, “conduit” refers to a material through which
fluid or a current may flow, wherein the conduit may be hollow to allow the passage of fluid
therethrough or solid to allow the flow of current therethrough. The conduit may be, for
example, a heat transfer loop or a grounding rod.

[00013] The grout fluid generally includes an aqueous fluid and grout. The aqueous fluid
utilized in the grout fluid can be water from any source provided that it does not adversely affect
the components or properties of the grout fluid and that it would not contaminate nearby soil.
The aqueous fluid generally includes fresh water, brackish water, seawater, brine, and any
combination thereof. In one or more embodiments, the aqueous fluid is fresh water. In one or
more embodiments, fresh water in an amount sufficient to form a pumpable fluid is mixed with
the grout.

[00014] In one or more embodiments, the grout fluid includes a thermally conductive
material. Such materials include those materials known to those of ordinary skill in the art to be
thermally conductive. Suitable thermally conductive materials may include, but are not limited
to, silicates such as sand, quartz silica, and combinations thereof, carbon-based materials such as
graphite, carbon nanotubes, graphene, pitch coke, tar coke, amorphous carbon, vein carbon,
powdered carbon, desulfurized petroleum coke, carbon steel, and combinations thereof, and
metal particulates such as brass, a brass alloy, chrome nickel steel, stainless steel, a transition
metal (e.g., copper, cadmium, cobalt, gold, silver, iridium, iron, molybdenum, nickel, platinum,
and/or zinc), a transition metal alloy (e.g., alloys of copper, cadmium, cobalt, gold, silver,
iridium, iron, molybdenum, nickel, platinum, and/or zinc), a post-transition metal (e.g., lead or
tin), a post-transition metal alloy (e.g., alloys of lead and/or tin), an alkaline earth metal alloy
(e.g., alloys of beryllium and/or magnesium), and combinations thereof. The grout fluid may
include the thermally conductive material in an amount in a range of from about 1 weight percent

to about 75 weight percent, or from about 5 weight percent to about 70 weight percent, or from
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about 10 weight percent to about 65 weight percent, based on the total weight of the grout fluid,
for example.

[00015] The grout generally includes a clay material. The clay material may include
bentonite. As used herein, “bentonite” refers to an absorbent aluminum phyllosilicate clay. In
one or more embodiments, the bentonite includes montmorillonite. The bentonite may include
elemental bentonite, e.g., potassium bentonite, sodium bentonite, calcium bentonite, aluminum
bentonite or combinations thereof. As used herein, “elemental bentonite” refers to a bentonite
having the named element, e.g., potassium etc. as the dominant (majority) element therein. In
one or more embodiments, the bentonite includes sodium bentonite. The grout may include the
bentonite in an amount in a range of from about 50 weight percent to about 90 weight percent,
from about 55 weight percent to about 80 weight percent, or from about 60 weight percent to
about 70 weight percent, based on the total weight of the grout, for example.

[00016] In one or more embodiments, the reduced concentration grout fluids include a high-
yielding sodium bentonite. Sodium bentonite is a water-swellable clay in which the principal
exchangeable cation is a sodium ion. Its use in the grout fluids of the present disclosure serves to
enhance the viscosity of the grout fluids so that the solid particles contained in the grout fluids
can be transported to a desired location. The sodium bentonite also contributes to the low
hydraulic conductivity of the grout fluids, and thus enhances the ability of the fluids to form a
good seal. Examples of suitable sodium bentonite clays include Wyoming sodium bentonite,
Western sodium bentonite, and combinations thereof.

[00017] In one or more embodiments, a low quality or low yielding bentonite can also be used
at lower concentrations, but enhanced with filtration control additives or viscosifiers such as low
or high viscosity polyanionic cellulose, soda ash, guar gum, xanthan gum, magnesium oxide, and
combinations thereof.

[00018] As used herein, a grade or type of a bentonite specifies the quality of the bentonite
according to the number of barrels of 15 centipoise (cP) viscosity fluid that one ton of the
bentonite would produce, termed “yield” and measured in barrels per ton (bbl/ton). A barrel is
equivalent to 0.1589 m’. The term “high yielding bentonite” refers to a bentonite having a yield
greater than about 200 bbl/ton, and the term “low yielding bentonite” refers to a bentonite having

a yield less than about 50 bbl/ton. The yield of any particular bentonite will be dependent on the
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type of bentonite being evaluated and, thus, these yield values are merely generally
representative.

[00019] In one or more embodiments, the sodium bentonite can be powdered or granular,
from sub -325 mesh to 8 mesh granular, from 230 mesh to 16 mesh, or from 200 mesh to 50
mesh.

[00020] The grout or grout fluid may include one or more additives. For example, the
additives may be dry blended into the grout, or the additives may be added directly to the grout
fluid. The additives may be selected from consistency modifiers, grout setting modifiers, and
combinations thereof.

[00021] In one or more embodiments, the consistency modifiers include inert fillers,
permeability reduction additives, and combinations thereof. In one or more embodiments, the
consistency modifier can be any inert particulate material, such as powdered graphite, natural
pozzolans, fly ash, diatomaceous earth, powdered silica materials (e.g. silica flour), talc, kaolin,
illite, dolomite, mineral fillers (e.g., sand), rock, stone, perlite particles, vermiculite, water inert
powders such as calcium carbonate and barium sulfate, sepiolite, zeolite, fuller’s earth, calcium
bentonite, and combinations thereof. In one or more embodiments, the consistency modifier is
selected from inert fillers such as calcium carbonate, silica flour, powdered graphite, and
combinations thereof. In one or more embodiments, the consistency modifier can be a
permeability reduction additive such as polyanionic cellulose, carboxymethyl starch, modified
ligning, and combinations thereof. In one or more embodiments, the consistency modifier
includes calcium carbonate, silica flour, powdered graphite, and combinations thereof. The grout
may include the consistency modifier in an amount in a range of from about 1 weight percent to
about 50 weight percent, from about 20 weight percent to about 45 weight percent, or from about
30 weight percent to about 40 weight percent, based on the total weight of the grout, for
example. The grout fluid may include the consistency modifier in an amount in a range of from
about 0.5 weight percent to about 15 weight percent, from about 2 weight percent to about 10
weight percent, or from about 4 weight percent to about 7 weight percent, based on the total
weight of the grout fluid, for example.

[00022] The grout-setting modifier, among other things, may control the rheology of the grout
and stabilize the grout over a broad density range. In one or more embodiments, grout-setting

modifiers include inhibitors, dispersants, and combinations thereof. Inhibitors allow the grout



10

15

20

25

30

CA 03077638 2020-03-31

WO 2019/098994 PCT/US2017/061557

fluid to remain workable until full hydration of the bentonite occurs. In one or more
embodiments, suitable inhibitors include a salt comprising a cation and an anion, a polymer, a
silicate (e.g., potassium silicate), a partially hydrolyzed polyvinyl acetate, a polyacrylamide, a
partially hydrolyzed polyacrylamide, a polyalkylene glycol (e.g., polybutylene glycol,
polyethylene glycol, and/or polypropylene glycol), a polyalkylene alcohol, a polyalkylene
alkoxylate, a polyalkylene oligomer, a polyalkylene polymer, a polyalkylene copolymer, a
cationic oligomer or polymer, an acid, a potassium salt (e.g., potassium fluoride, potassium
chloride, potassium chlorate, potassium bromide, potassium iodide, potassium iodate, potassium
acetate, potassium citrate, potassium formate, potassium nitrate, tribasic potassium phosphate,
potassium phosphate dibasic, potassium phosphate monobasic, potassium sulfate, potassium
bisulfate, potassium carbonate, potassium dichromate, and/or potassium ferrate), an ammonium
salt (e.g., ammonium sulfate), a sodium salt (e.g., sodium chloride), an iron salt, an aluminum
salt, a phosphonium salt, polyaminopolyamide-epichlorohydrin resin, diallydimethylammonium
chloride, polydiallyldimethylammonium chloride, aminoethylethanolamine, diethylenetriamine,
triethylenetetramine, diethanolamine, triethanolamine, polyvinyl pyrrolidone, and any
combination thereof. In one or more embodiments, the inhibitors include ammonium sulfate,
potassium chloride, sodium chloride, partially hydrolyzed polyacrylamide, and combinations
thereof.

[00023] Dispersants break up or scatter particles of bentonite, which allows the grout fluid to
remain workable until hydration and set. In one or more embodiments, suitable dispersants
include ammonium lignosulfonate salt, metal lignosulfonate salts, phosphates, polyphosphates,
organophosphates, phosphonates, tannins, leonardite, polyacrylates having a molecular weight
less than about 10,000, and combinations thereof. In one or more embodiments, the dispersant
includes sodium acid pyrophosphate (SAPP), AQUA-CLEAR® PFD DRY dispersant
(commercially available from Halliburton Energy Services, Inc.), and combinations thereof.
[00024] In one or more embodiments, suitable grout-setting modifiers include ammonium
sulfate, potassium chloride, sodium chloride, SAPP, partially hydrolyzed polyacrylamide, and
combinations thereof. The grout may include the grout-setting modifier in an amount in a range
of from about 0.1 weight percent to about 5 weight percent, from about 0.3 weight percent to
about 4 weight percent, or from about 0.5 weight percent to about 2 weight percent, based on the

total weight of the grout, for example. The grout fluid may include the grout-setting modifier in
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an amount in a range of from about 0.01 weight percent to about 5 weight percent, from about
0.05 weight percent to about 3 weight percent, or from about 0.1 weight percent to about 1
weight percent, based on the total weight of the grout fluid, for example.

[00025] In one or more embodiments, the grout and/or grout fluid may include further
additives as deemed appropriate by one of ordinary skill in the art. Suitable additives would
bring about desired results without adversely affecting other components in the grout or grout
fluid, or the properties thereof.

[00026] The grout fluid is generally formed via methods known in the art. For example, the
grout fluid may be formed by contacting or mixing the grout, the aqueous solution, and the one
or more additives. The grout may be made by combining all of the components (e.g., bentonite
and additives) in any order and thoroughly mixing or blending the components in a manner
known to one of ordinary skill in the art. An aqueous solution and the grout may then be mixed
to form the grout fluid using a standard mixing device such as a grouter or other similarly
functioning device.

[00027] In one or more embodiments, the grout fluids of the present disclosure are formed by
combining the grout that is a “one-sack product” with water. As used herein, “one-sack product”
refers to a form of the grout in which its components are combined together in a single container
such as a sack, allowing the grout to be easily transported to an on-site location where it will be
used to form a grout fluid.

[00028] In one or more embodiments, the grout fluid further includes a thermally conductive
material. In one or more embodiments, after the grout fluid is formed, the grout fluid is
introduced into the space between a conduit and the sidewalls of a hole so that the grout fluid is
in contact with the conduit and the sidewalls. In one or more embodiments, the grout fluid is
introduced into the space until the space is filled with the grout fluid. As used herein,
“introducing” includes pumping, injecting, pouring, releasing, displacing, spotting, circulating,
or otherwise placing a fluid or material within a hole, well, wellbore, borehole, or subterranean
formation using any suitable manner known in the art. The hole in the earth may be a borehole
that has been drilled in the earth to a depth sufficient to hold the conduit therein. After the
placement of the grout fluid in the hole, the grout fluid is allowed to set, thus forming a thermally

conductive seal between the conduit and the earth.
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[00029] The present disclosure advantageously reduces the amount of bentonite-based grout
in a grout fluid without sacrificing the slurry volume yield, permeability, set or pumpability. In
one or more embodiments, the grout fluid includes about 25 pounds of bentonite-based grout in
about 14 gallons of water (or about 1.8 pounds of grout per gallon of water) to about25 pounds
of bentonite-based grout in about 22 gallons of water (or about 1.1 pounds of grout per gallon of
water) to achieve a slurry yield that is similar to the 50 pound grout system with the same water
requirement. That is, the volume of slurry that is produced when 25 pounds of bentonite-based
grout is mixed with about 14-22 gallons of water is similar to the volume of slurry that is
produced when 50 pounds of grout is mixed with the same amount of water. For example, a 25
pound sack of bentonite-based grout mixed with about 14 gallons of water provides a slurry
volume yield of 15.15 gallons, while a 50 pound sack of grout mixed with about 14 gallons of
water provides a slurry volume yield of 16.35 gallons.

[00030] In one or more embodiments, the grout fluids of the present disclosure meet or exceed
the geothermal industry standard permeability requirement of 1 x 107 cm/s when tested using
ASTM procedure D5084. In one or more embodiments, the set grout fluid has a hydraulic
conductivity of less than about 1x107" cm/s, less than about 9x10™ cm/s, or less than about
7x107° cm/s.

[00031] In one or more embodiments, the grout fluids of the present disclosure are capable of
setting to a thick consistency so as to suspend thermally conductive materials in geothermal
applications. For example, 25 pounds of bentonite-based grout can suspend up to 400 pounds of
geothermal sand. In one or more embodiments, although the grout fluids set in less than 24
hours, they remain workable, mixable, and pumpable until placement, and have a suitable gel
strength that allows for acceptable working times with the grout. In one or more embodiments,
after the grout fluid remains static for 10 minutes, the grout fluid has a gel strength of greater
than about 50 Ib/100 ft*, greater than about 55 1b/100 ft*, or greater than about 60 1b/100 ft* as
measured by a FANN 35A rotational viscometer at 3 RPM.

[00032] As used herein, “setting” is defined as the process, due to chemical reactions,
occurring after the addition of mixing water, that results in a gradual development of rigidity of a
grout. As used herein, a grout is “set” when it attains a consistency between pudding and peanut

butter. For example, once a grout is set, it typically will not pour without some agitation. In one
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or more embodiments, the grout fluids of the present disclosure set within 24 hours after the
addition of mixing water.

[00033] During grouting operations, it is necessary for the grout fluid to remain pumpable
during introduction into a borehole and until the fluid is situated in the borehole. After the grout
fluid has reached the portion of the borehole to be grouted, the grout fluid ultimately sets. A
grout fluid that thickens too quickly while being pumped can damage pumping equipment or
block tubulars, and a grout fluid that sets too slowly can cost time and money while waiting for
the grout to set.

[00034] In one or more embodiments, the grout fluids of the present disclosure have a good
working time, i.e., the time period between when they are prepared and when their viscosity 1s
insufficient to allow it to be displaced into a space. For example, the working times of the grout
fluids of the present disclosure may range from about 15 minutes to about 1 hour. In one or
more embodiments, the grout fluids have a viscosity of less than about 100 cP, less than about 90
cP, or less than about 85 cP as measured by a FANN 35A rotational viscometer at 300 RPM
within 5 minutes of the grout fluid being prepared.

[00035] In one or more embodiments, the effectiveness of the grout fluids is not decreased,
even while using lower concentrations of bentonite-based grout. Thus, a normal 50 pound sack
of bentonite-based grout can be mixed with a larger amount of water to increase the slurry
volume yield.

[00036] In one or more embodiments, the grouts avoid subsidence. Subsidence is an
undesirable phenomenon where the grout shrinks or sinks, and may release water. This has the
potential to cause, at a minimum, an inefficiently installed system, and at most a complete hole
failure after installation. In one or more embodiments, after 30 days and 60 days, no reduction in
height or shrinkage in diameter was observed in the grouts. This indicates that the grouts when

placed properly, will avoid subsidence.

Geothermal Applications

[00037] The required grout characteristics vary by industry. For example, grouts used in
geothermal heat loop installations should have high thermal conductivity characteristics along

with the requisite sealing abilities.
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[00038] Heat transfer loops are often placed in the earth to provide for the heating and cooling
of residential and commercial spaces. Since ground temperatures are generally similar to room
temperatures in buildings, the use of such heat transfer loops can be cost effective alternatives to
conventional heating and cooling systems. The installation of such heat transfer loops involves
inserting a continuous loop of pipe connected to a heat pump unit into a hole or series of holes in
the earth to act as a heat exchanger. A thermally conductive grout is then placed in the hole
between the pipe wall and the earth. A heat transfer fluid can be circulated through the
underground heat transfer loop to allow heat to be transferred between the earth and the fluid via
conduction through the grout and the pipe wall. When the system is operating in a heating mode,
a relatively cool heat transfer fluid is circulated through the heat transfer loop to allow heat to be
transferred from the warmer earth into the fluid. Similarly, when the system is operating in a
cooling mode, a relatively warm heat transfer fluid is circulated through the heat transfer loop to
allow heat to be transferred from the fluid to the cooler earth. Thus, the earth can serve as both a
heat supplier and a heat sink. The efficiency of the heat transfer loop is affected by the grout
employed to provide a heat exchange pathway and a seal from the surface of the earth down
through the hole. The grout needs to have a sufficient thermal conductivity to ensure that heat is
readily transferred between the heat transfer fluid and the earth. Further, the grout must form a
seal that is substantially impermeable to fluids that could leak into and contaminate ground water
penetrated by the hole in which it resides. The hydraulic conductivity, which measures the rate
of movement of fluid (i.e., distance/time) through the grout, is thus desirably low. Moreover, the
grout needs to have a sufficient viscosity to allow for its placement in the space between the heat
transfer loop and the earth without leaving voids that could reduce the heat transfer through the
grout.

[00039] Referring now to FIG. 1, illustrated is a schematic of a system that can deliver the
grout fluids of the present disclosure to a downhole location for grouting a geothermal well loop,
according to one or more embodiments. As depicted in FIG. 1, system 1 may include mixing
tank 10, in which the grout fluids may be formulated. The grout fluids may be conveyed via line
12 to pump 20, and finally to tremie line 16 extending into a wellbore 22 in a subterranean
formation 18. As used herein, the term “tremie” refers to a tubular, such as a pipe, through
which a grout fluid is placed into a wellbore. The term “tremie” as used herein is not limited to

grout fluid placement at a particular water level and use of a tremie to place grout fluid may be
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performed below or above water level, without departing from the scope of the present
disclosure.

[00040] A dual piston pump may be used to pump the grout fluid into wellbore 22 through
tremie line 16. Alternatively, a piston pump may be used because of its ability to pump materials
with a high solids content at higher pressures.

[00041] The tremie line 16 extends into an annulus 14 formed between the subterranean
formation 18 and a geothermal well loop 24. The geothermal well loop 24 may be a loop with a
u-shaped bottom, an S-configuration, an infinity-shaped configuration, or any other
configuration capable of forming a continuous tubular for circulating fluid therein to provide
cooling and/or heating. The geothermal well loop 24 may be connected to a circulating pump
and/or heating and cooling equipment at the surface above the subterranean formation 18.
[00042] In use, in one or more embodiments, a grout fluid exits the bottom of the tremie line
16 and the tremie line 16 remains submerged several feet (between about one and three feet)
below the level of the grout fluid. As the level of the grout fluid rises in the annulus 14, the
tremie line 16 may be withdrawn at approximately the same rate as the final grout fluid is being
pumped into the annulus 14 with the pump 20.

[00043] While FIG. 1 depicts introducing the grout fluid into an annulus to grout a geothermal
well loop in a subterranean formation, other methods may also be employed without departing
from the scope of the present disclosure. For example, a displacement method may be utilized
where the grout fluid is first introduced into a subterranean formation followed by setting the
geothermal well loop therein, which displaces the grout fluid. In other embodiments, an inner-
string method of placing the grout fluid may be used where a cementing float shoe is attached to
the bottom of a pipe for forming the geothermal well loop before it is sealed and a tremie line is
lowered until it engages the shoe, injecting the final grout fluid into the annulus with the tremie
line within the pipe. In other embodiments, a casing method of grouting may be utilized where
the grout fluid is placed in a pipe for forming the geothermal well loop before it is sealed and the
grout fluid is then forced out of the bottom of the pipe and into the annulus. Other methods may
also be employed, without departing from the scope of the present disclosure.

[00044] In one or more embodiments, methods of installing a conduit in a hole in the earth are
provided. In one or more embodiments, the methods include placing the conduit in the hole in

the earth, mixing a grout , which may be a one-sack product, with water to form a grout fluid,
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and placing the grout fluid in the hole adjacent to the conduit. The hole in the earth may be a
borehole that has been drilled in the earth to a depth sufficient to hold the conduit therein.
[00045] In one or more embodiments, the conduit is a grounding rod used to protect structures
such as television towers and radio antennas from lightning strikes. The grounding rod may
extend from the top of such structure down to the set grout fluid, which has a relatively low
resistivity. As such, if lightning strikes the grounding rod, the current created by the lightning
may pass through the grounding rod and the set grout fluid to the ground.

[00046] A method of using a grout fluid is generally provided. Turning now to FIG. 2, the
method 200 includes placing a geothermal conduit in at least one hole in the earth in step 202,
providing a grout fluid including a bentonite-based grout and water, wherein the bentonite-based
grout is present in the grout fluid in a concentration in a range of about 15 pounds of bentonite-
based grout per about 27 gallons of water to about 25 pounds of bentonite-based grout per about
11.5 gallons of water in step 204, introducing the grout fluid into a space between the geothermal
conduit and sidewalls of the at least one hole so that the grout fluid is in contact with the
geothermal conduit and the sidewalls in step 206, and after introducing the grout fluid, allowing
the grout fluid to set to fix the geothermal conduit to the at least one hole, wherein after setting,
the grout fluid has a hydraulic conductivity of less than about 1 x 107 cm/s as measured by
ASTM procedure D5084 in step 208.

[00047] In one or more embodiments, the set grout fluids seal the conduit within the hole in
the earth and act as a heat transfer medium between the conduit and the earth. In one or more
embodiments, the conduit is a heat transfer loop through which a heat transfer fluid flows. Heat
may be transferred between the earth and the heat transfer fluid via the set grout fluid and the
walls of the heat transfer loop for the purpose of heating and/or cooling a space such as a
building located above the surface of the earth.

[00048] In one or more embodiments, after the grout fluid has set, it exhibits excellent
properties that allow it to be used in the manner described above. Advantageously, the grout
fluid can be prepared inexpensively since the amount of the grout needed compared to the
amount of water is relatively low. Further, less labor is required to prepare the grout fluid such

that several holes in the earth can be filled more quickly.
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Annular Sealant and Well Abandonment Applications

[00049] For abandoning a well or mine, or for sealing annular spaces, the grout need not have
thermal conductivity characteristics. A suitable grouting material for these applications should
still, however, be able to provide a good seal having both low hydraulic conductivity and high
structural stability under most geological conditions. Bentonite-based grouts are known to
exhibit low permeability and high swelling capability as compared to cement-based grouting
materials.

[00050] In addition to grouting geothermal well loops, the grout fluids of the present
disclosure are useful for sealing the annular space around a well casing and plugging abandoned
wells in practically all types of formations. As used herein, a “well” includes at least one
wellbore drilled into a subterranean formation, which may be a reservoir or an aquifer, or
adjacent to a reservoir or aquifer. Oil and gas hydrocarbons, as well as water, are naturally
occurring in some subterranean formations. A subterranean formation containing oil or gas is
sometimes referred to as a reservoir. A subterranean formation that contains water is referred to
as an aquifer.

[00051] In order to produce hydrocarbons or water, a wellbore is drilled into or near a
reservoir or aquifer. The wellbore may be an open-hole or cased-hole. In an open-hole
wellbore, a tubular called a tubing string is placed into the wellbore. The tubing string allows
fluids to be introduced into or flowed from a remote portion of the wellbore. In a cased-hole,
another tubular called a casing is placed into the wellbore that can contain a tubing string. As
used herein, the word “tubular” means any kind of pipe. Examples of tubulars include, but are
not limited to, a tubing string, a casing, a drill pipe, a line pipe, and a transportation pipe/tubular.
Tubulars can also be used to transport fluids into or out of a subterranean formation, such as oil,
gas, water, liquefied methane, coolants, and heated fluids. For example, a tubular can be placed
underground to transport produced hydrocarbons or water from a subterranean formation to
another location.

[00052] As used herein, the term “annulus” means the space between two generally
cylindrical objects, one inside the other, where fluid can flow. The objects can be concentric or
eccentric. One of the objects can be a tubular and the other object can be an enclosed conduit.

The enclosed conduit can be a wellbore or borehole or it can be another tubular.
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[00053] Referring to an oil, gas, or water well, in an open-hole well, the space between the
wellbore and the outside of a tubing string is an annulus. In a cased-hole, the space between the
wellbore and the outside of the casing is an annulus. Also, in a cased-hole, there may be an
annulus between the tubing string and the inside of the casing. Referring to transportation
pipelines, an annulus can exist between the outside of the tubular and the borehole underground
in which the tubular is placed. In an offshore environment, a transportation tubular can be
located inside another tubular. The space between the outside of the transportation tubular and
the inside of the other tubular is an annulus.

[00054] In one or more embodiments, the methods of the present disclosure introduce a grout
fluid into an annulus. For example, in a cased-hole, the grout fluids of the present disclosure can
be placed and allowed to set in the annulus between the wellbore and the casing in order to create
a seal in the annulus. By sealing the casing in the wellbore, fluids are prevented from flowing
into the annulus. Consequently, hydrocarbons or water can be produced in a controlled manner
by directing the flow of hydrocarbons or water through the casing and into the wellhead. By way
of another example, a grout fluid of the present disclosure can be placed in the annulus between a
casing and a tubing string. Grout fluids of the present disclosure can also be used as an isolating
fluid to isolate one portion of an annulus from another portion of the annulus.

[00055] Other than oil and gas wells, there are numerous instances where it is necessary to
effect sealing in certain areas in drilled earth boreholes. Such boreholes occur, for example, in
water well drilling, in observation holes for construction and engineering purposes such as
hydrology studies, in mineral exploration boreholes and in seismic shot holes. For example, it is
common practice in the case of water wells to grout or seal well casing by filling the annulus
between the casing and the wall of the borehole. Additionally, it is often necessary when an
earth borehole is abandoned to plug it to prevent the commingling of aquifier water and/or to
prevent entry of contaminants from the surface.

[00056] In one or more embodiments, the grout fluids of the present disclosure form a seal to
prevent contamination of the subsurface from the surface, as well as prevent groundwater
contamination. The main purposes of grouting and sealing a well are to (1) restore the earth
formation outside the casing to its original condition, (2) prevent seepage of polluted surface
water downwardly along the exterior of the casing into the well, (3) stabilize and secure the well

casing, and (4) preserve the hydraulic characteristics of artesian formations and prevent leakage
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upwardly along the exterior of the casing. Advantageously, the grout fluids of the present
disclosure may be used to seal wells in a variety of situations.

[00057] A method of using a grout fluid is generally provided. Turning now to FIG. 3, the
method 300 includes providing a grout fluid including a bentonite-based grout and water,
wherein the bentonite-based grout is present in the grout fluid in a concentration in a range of
about 15 pounds of bentonite-based grout per about 27 gallons of water to about 25 pounds of
bentonite-based grout per about 11.5 gallons of water in step 302, introducing the grout fluid into
a borehole so that the grout fluid is in contact with sidewalls of the borehole and fills the
borehole in step 304, and allowing the grout fluid to set in the borehole, wherein after setting, the
grout fluid has a hydraulic conductivity of less than about 1 x 107 cm/s as measured by ASTM
procedure D5084 in step 306.

[00058] Thus, a method of using a grout fluid is described herein. Embodiments of the
method may generally include placing a geothermal conduit in at least one hole in the earth;
providing a grout fluid including a bentonite-based grout and water, wherein the bentonite-based
grout is present in the grout fluid in a concentration in a range of about 15 pounds of bentonite-
based grout per about 27 gallons of water to about 25 pounds of bentonite-based grout per about
11.5 gallons of water; introducing the grout fluid into a space between the geothermal conduit
and sidewalls of the at least one hole so that the grout fluid is in contact with the geothermal
conduit and the sidewalls; and after introducing the grout fluid, allowing the grout fluid to set to
fix the geothermal conduit to the at least one hole, wherein after setting, the grout fluid has a
hydraulic conductivity of less than about 1 x 107 ¢m/s as measured by ASTM procedure D5084.
For any of the foregoing embodiments, the method may include any one of the following, alone
or in combination with each other.

[00059] In one or more embodiments, the concentration of the grout in the grout fluid is in a
range of about 25 pounds of the bentonite-based grout per about 14 gallons of water to about 25
pounds of the bentonite-based grout per about 20 gallons of water.

[00060] In one or more embodiments, the bentonite-based grout or the grout fluid includes
one or more consistency modifiers. In one or more embodiments, the one or more consistency
modifiers are selected from inert fillers, permeability reduction additives, and combinations

thereof.
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[00061] In one or more embodiments, the bentonite-based grout or the grout fluid further
includes one or more grout-setting modifiers. In one or more embodiments, the one or more
grout-setting modifiers is selected from inhibitors, dispersants, and combinations thereof.

[00062] In one or more embodiments, the grout fluid further includes one or more thermally
conductive materials. In one or more embodiments, the one or more thermally conductive
materials is selected from silicates, carbon-based materials, metal particulates, and combinations
thereof.

[00063] In one or more embodiments, the grout fluid exhibits desirable properties for an
industry standard grout. In one or more embodiments, the grout fluid has a viscosity of less than
about 100 cp as measured by a FANN 35A rotational viscometer at 300 RPM within 5 minutes
of the grout fluid being prepared. In one or more embodiments, when the grout fluid remains
static for 10 minutes, the grout fluid has a gel strength of greater than about 50 1b/100 ft* as
measured by a FANN 35A rotational viscometer at 3 RPM. In one or more embodiments, the
grout fluid sets within 24 hours after the grout fluid is introduced into the at least one hole.
[00064] Another method of using a grout fluid is described herein. Embodiments of the
method generally include providing a grout fluid including a bentonite-based grout and water,
wherein the bentonite-based grout is present in the grout fluid in a concentration in a range of
about 15 pounds of bentonite-based grout per about 27 gallons of water to about 25 pounds of
bentonite-based grout per about 11.5 gallons of water; introducing the grout fluid into a borehole
in the earth so that the grout fluid is in contact with sidewalls of the borehole and fills the
borehole; and allowing the grout fluid to set in the borehole, wherein after setting, the grout fluid
has a hydraulic conductivity of less than about 1 x 107 cm/s as measured by ASTM procedure
D5084. For any of the foregoing embodiments, the method may include any one of the
following, alone or in combination with each other.

[00065] In one or more embodiments, introducing the grout fluid into the borehole includes
introducing the grout fluid into an annulus between the borehole and a casing.

[00066] In one or more embodiments, the concentration is in a range of about 25 pounds of
the bentonite-based grout per about 14 gallons of water to about 25 pounds of the bentonite-
based grout per about 20 gallons of water.

[00067] In one or more embodiments, the bentonite-based grout or the grout fluid further

includes a consistency modifier and a grout-setting modifier.
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[00068] In one or more embodiments, the grout fluid has a viscosity of less than about 100 ¢p
as measured by a FANN 35A rotational viscometer at 300 RPM within 5 minutes of the grout
fluid being prepared. In one or more embodiments, after the grout fluid remains static for 10
minutes, the grout fluid has a gel strength of greater than about 50 1b/100 ft* as measured by a
FANN 35A rotational viscometer at 3 RPM. In one or more embodiments, the grout fluid sets
within 24 hours after the grout fluid is introduced into the at least one hole.

[00069] In one or more embodiments, while different steps, processes, and procedures are
described as appearing as distinct acts, one or more of the steps, one or more of the processes,
and/or one or more of the procedures may also be performed in different orders, simultaneously
and/or sequentially. In one or more embodiments, the steps, processes and/or procedures may be
merged into one or more steps, processes and/or procedures. In one or more embodiments, one
or more of the operational steps in each embodiment may be omitted. Moreover, in some
instances, some features of the present disclosure may be employed without a corresponding use
of the other features. Moreover, one or more of the above-described embodiments and/or
variations may be combined in whole or in part with any one or more of the other above-
described embodiments and/or variations.

[00070] In addition to methods of using a grout fluid, a grout fluid is described herein.
Embodiments of the grout fluid generally include an aqueous fluid and a grout. The grout
generally includes sodium bentonite present in an amount of about 50 percent to about 90
percent by weight of the grout, a consistency modifier present in an amount of about 1 percent to
50 percent by weight of the grout, and a grout-setting modifier present in an amount of about 0.1
to 5 percent by weight of the grout. In one or more embodiments, the grout fluid further includes
a thermally conductive material.

[00071] The following examples are illustrative of the compositions, fluids, and methods

discussed above and are not intended to be limiting.

Example 1
[00072] Permeability Tests

[00073] Nine (9) grout fluids were tested using, a high yielding sodium bentonite, a high
purity sodium bentonite, or a granular bentonite product as the bentonite base. Calcium

carbonate was used as the consistency modifier. Potassium chloride and/or ammonium sulfate
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were used as the grout-setting modifier to either disperse or inhibit the bentonite so as to make
the grout fluid pumpable until time for the grout fluid to set.

[00074] Hydraulic conductivity was tested using an American Petroleum Institute (API) filter
press. Each grout fluid was poured over an API filter press cell and allowed to set for 24 hours.
Distilled water was then poured onto the filter press cell, the filter press lid was attached, and 10
pounds per square inch (psi) of compressed air was applied. The total filtrate was collected and

used to calculate hydraulic conductivity.

TABLE 1: Grout Fluids Tested and Associated Permeability

Fluid | Water, High High purity Granular | Calcium | Potassium | Ammonium | Hydraulic

(mL) yielding bentonite bentonite | Carbonate | Chloride Sulfate Conductivity,
bentonite (g (® €3] ) (g (cmy/s)
(8

1 350 41.18 25.39 2.06 826x 10"

2 350 44.61 21.96 2.06 951x10®

3 350 48.04 18.5 2.06 951x10®

4 350 45.29 22.65 0.69 6.79x 10

5 350 44.61 22.65 1.37 8.46x 10"

6 350 4461 22.65 1.37 9.51 x10%

7 350 4461 2333 0.69 934x10®

8 350 54.18 3.01 1.81 1.20 320x 10"

9 350 68.63 3.75x 107"
[00075] FIG. 4 illustrates that grout fluids 1-9 have hydraulic conductivity below the

maximum allowable permeability of 1 x 107 ¢cm/s. Thus, grout fluids 1-9 exceed the geothermal
industry standard permeability requirement of 1 x 107 cm/s, even with a reduced concentration
of bentonite-based grout. This is true even of grout fluid 9, which is a bentonite-only product.

[00076] Hydraulic conductivity was also tested using ASTM procedure D5084, which
produced the following results. Again, the results show that grout fluids 4-7 exceed the standard
permeability requirement of 1 x 107 cm/s, and the results show an even lower (and better)

permeability than in Table 1.
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TABLE 2: ADDITIONAL PERMEABILITY TESTING FOR FLUIDS 4-7

Fluid Hydraulic Conductivity (cm/s)
4 2.93x10%
5 6.39x 10*
6 1.89x 10*®
7 3.32x10%

[00077]  Viscosity Tests

Example 2

[00078] Viscosity data for grout fluids 4-6 was collected by measuring the 300 RPM reading

every minute for 5 minutes using a FANN 35A rotational viscometer. After 10 minutes, the

viscometer was turned on at 3 RPM and the reading for grout fluids 4-6 was taken. The highest

number deflected on the viscometer was the gel strength. The gel strength provides an indication

of gelation of the grout fluid after remaining static over a given amount of time. The lower the

number compared to the 300 RPM readings, the slower the grout fluid sets, and the higher the

number, the faster the grout fluid sets. The results are provided in Table 3. All the readings

indicate that the grout fluid remains a fluid and stays pumpable.

TABLE 3: Viscosity Readings for Fluids 4-6

300 RPM Readings Fluid 4 (cP) Fluid 5 (cP) Fluid 6 (cP)

0 minute 70 61 25
1 minute 77 68 29
2 minutes 81 72 32
3 minutes 34 74 33
4 minutes 87 77 33
5 minutes 88 30 34

10 minute gel strength, 57 59 65
1b/100 ft*
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Example 3

[00079]  Set Tests

[00080] The set of grout fluids 1-9 was determined by pouring a sample into a plastic pint
container and allowing it to rest for a maximum of 24 hours. After the 24 hours, the sample was
inverted. If the grout fluid moved or flowed like a liquid, it failed to set. If the grout fluid did
not flow, the grout fluid was considered as set. All the grout fluids passed the set evaluation, i.e.,
all the grout fluids set within 24 hours.

[00081] Although only a few exemplary embodiments have been described in detail above,
those of ordinary skill in the art will readily appreciate that many other modifications are
possible in the exemplary embodiments without materially departing from the novel teachings
and advantages of the present invention. Accordingly, all such modifications are intended to be

included within the scope of the present invention as defined in the following claims.

20



THE CLAIMS

What is claimed is:

1. A method of using a grout fluid, which comprises:
placing a geothermal conduit in at least one hole in the earth;
providing a grout fluid consisting of a bentonite, an inert filler, one or more grout-setting
modifiers, and water, wherein:
the inert filler comprises calcium carbonate,
the bentonite is present in the grout fluid in a concentration of about 10 weight
percent to about 13 weight percent based on the total weight of the grout fluid,
the inert filler is present in the grout fluid in a concentration of about 0.7 weight
percent to about 6 weight percent based on the total weight of the grout fluid,
the one or more grout-setting modifiers are present in the grout fluid in a
concentration of about 0.2 weight percent to about 0.7 weight percent based on the total
weight of the grout fluid, and
the water is present in the grout fluid in a concentration of about 83 weight
percent to about 85 weight percent based on the total weight of the grout fluid;
introducing the grout fluid into a space between the geothermal conduit and sidewalls of
the at least one hole so that the grout fluid is in contact with the geothermal conduit and the
sidewalls; and
after introducing the grout fluid, allowing the grout fluid to set to fix the geothermal
conduit to the at least one hole, wherein after setting, the grout fluid has a hydraulic conductivity

of less than 1 x 1077 cm/s.

2. The method of claim 1, wherein the one or more grout-setting modifiers comprise an

inhibitor, a dispersant, or a combination thereof.

3. The method of claim 1, wherein the grout fluid has a viscosity of less than 100 cp within

5 minutes of the grout fluid being prepared.
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4. The method of claim 1, wherein the grout fluid sets within 24 hours after the grout fluid

is introduced into the at least one hole.

5. The method of claim 1, wherein the bentonite comprises a single type of bentonite.
6. The method of claim 5, wherein the single type of bentonite is sodium bentonite.
7. The method of claim 1, wherein the one or more grout-setting modifiers comprise

ammonium sulfate, potassium chloride, sodium chloride, partially hydrolyzed polyacrylamide, or

a combination thereof.

8. The method of claim 1, wherein the bentonite comprises sodium bentonite, and the one or
more grout-setting modifiers comprise potassium chloride, ammonium sulfate, or a combination

thereof.

9. The method of claim 1, wherein the bentonite is present in the grout fluid in a
concentration of about 11 weight percent based on the total weight of the grout fluid, the inert
filler is present in an amount of about 5 weight percent based on the total weight of the grout
fluid, and the one or more grout-setting modifiers are present in an amount of about 0.5 weight

percent based on the total weight of the grout fluid.

10.  The method of claim 9, wherein the one or more grout-setting modifiers comprise

potassium chloride.

11.  The method of claim 1, wherein the bentonite is present in the grout fluid in a
concentration of about 13 weight percent based on the total weight of the grout fluid, the inert
filler is present in an amount of about 0.7 weight percent based on the total weight of the grout
fluid, the one or more grout-setting modifiers are present in an amount of about 0.7 weight
percent based on the total weight of the grout fluid, and the water is present in an amount of

about 85 weight percent based on the total weight of the grout fluid.
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12. A method of using a grout fluid, which comprises:
providing a grout fluid consisting of a bentonite, an inert filler, one or more grout-setting
modifiers, and water, wherein:
the inert filler comprises calcium carbonate,
the bentonite is present in the grout fluid in a concentration of about 10 weight
percent to about 13 weight percent based on the total weight of the grout fluid,
the inert filler is present in the grout fluid in a concentration of about 0.7 weight
percent to about 6 weight percent based on the total weight of the grout fluid,
the one or more grout-setting modifiers are present in the grout fluid in a
concentration of about 0.2 weight percent to about 0.7 weight percent based on the total
weight of the grout fluid, and
the water is present in the grout fluid in a concentration of about 83 weight
percent to about 85 weight percent based on the total weight of the grout fluid;
introducing the grout fluid into a borehole in the earth so that the grout fluid is in contact
with sidewalls of the borehole and fills the borehole; and
allowing the grout fluid to set in the borehole, wherein after setting, the grout fluid has a

hydraulic conductivity of less than 1 x 1077 cm/s.

13.  The method of claim 12, wherein introducing the grout fluid into the borehole comprises

introducing the grout fluid into an annulus between the borehole and a casing.

14.  The method of claim 12, wherein the grout fluid has a viscosity of less than 100 cp within
5 minutes of the grout fluid being prepared.

15.  The method of claim 12, wherein the grout fluid sets within 24 hours after the grout fluid

is introduced into the borehole.

16.  The method of claim 12, wherein the bentonite comprises a single type of bentonite, and

the single type of bentonite is sodium bentonite.
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17.  The method of claim 12, wherein the one or more grout-setting modifiers comprise
ammonium sulfate, potassium chloride, sodium chloride, partially hydrolyzed polyacrylamide, or

a combination thereof.

18. The method of claim 12, wherein the bentonite comprises sodium bentonite, and the one
or more grout-setting modifiers comprise potassium chloride, ammonium sulfate, or a

combination thereof.

19. The method of claim 12, wherein the bentonite is present in the grout fluid in a
concentration of about 11 weight percent based on the total weight of the grout fluid, the inert
filler is present in an amount of about 5 weight percent based on the total weight of the grout
fluid, and the one or more grout-setting modifiers are present in an amount of about 0.5 weight

percent based on the total weight of the grout fluid.

20. The method of claim 12, wherein the bentonite is present in the grout fluid in a
concentration of about 13 weight percent based on the total weight of the grout fluid, the inert
filler is present in an amount of about 0.7 weight percent based on the total weight of the grout
fluid, the one or more grout-setting modifiers are present in an amount of about 0.7 weight
percent based on the total weight of the grout fluid, and the water is present in an amount of

about 85 weight percent based on the total weight of the grout fluid.

21. A grout fluid consisting of:
water present in the grout fluid in a concentration of about 83 weight percent to about 85
weight percent based on the total weight of the grout fluid,
bentonite present in the grout fluid in a concentration of about 10 weight percent to about
13 weight percent based on the total weight of the grout fluid,
an inert filler present in the grout fluid in a concentration of about 0.7 weight
percent to about 6 weight percent based on the total weight of the grout fluid, and
one or more grout-setting modifiers present in the grout fluid in a concentration of

about 0.2 weight percent to about 0.7 weight percent based on the total weight of the grout fluid;
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wherein, after setting, the grout fluid has a hydraulic conductivity of less than 1 x

107 cm/s.

22.  The grout fluid of claim 21, wherein the bentonite comprises a single type of bentonite.
23. The grout fluid of claim 22, wherein the single type of bentonite is sodium bentonite.
24.  The grout fluid of claim 21, wherein the one or more grout-setting modifiers comprise

ammonium sulfate, potassium chloride, sodium chloride, partially hydrolyzed polyacrylamide, or

a combination thereof.

25.  The grout fluid of claim 21, wherein the bentonite comprises sodium bentonite, and the
one or more grout-setting modifiers comprise potassium chloride, ammonium sulfate, or a

combination thereof.

26.  The grout fluid of claim 21, wherein the bentonite is present in the grout fluid in a
concentration of about 11 weight percent based on the total weight of the grout fluid, the inert
filler is present in an amount of about 5 weight percent based on the total weight of the grout
fluid, and the one or more grout-setting modifiers is present in an amount of about 0.5 weight

percent based on the total weight of the grout fluid.

27.  The grout fluid of claim 26, wherein the one or more grout-setting modifiers comprise

potassium chloride.

28.  The grout fluid of claim 21, wherein the bentonite is present in the grout fluid in a
concentration of about 13 weight percent based on the total weight of the grout fluid, the inert
filler is present in an amount of about 0.7 weight percent based on the total weight of the grout
fluid, the one or more grout-setting modifiers are present in an amount of about 0.7 weight
percent based on the total weight of the grout fluid, and the water is present in an amount of

about 85 weight percent based on the total weight of the grout fluid.
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