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(57) Abregé/Abstract:

A method of hydraulically fracturing a hydrocarbon-bearing subterranean formation ensures that the conductivity of water inflow
below the productive zone of the subterranean formation is reduced. The method consists of two principal steps. In the first step, a
fracture in and below the productive zone of the formation is initiated by introducing into the subterranean formation a fluid, free of a
proppant, such as salt water, fresh water, brine, liquid hydrocarbon, and/or nitrogen or other gases. The proppant-free fluid may
further be weighted. In the second step, a proppant laden slurry is introduced into the subterranean formation which contains a
relatively lightweight density proppant. Either the fluid density of the proppant-free fluid is greater than the fluid density of the
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(57) Abrege(suite)/Abstract(continued):
proppant laden slurry or the viscosity of the proppant-free fluid is greater than the viscosity of the proppant laden slurry. The method
imits undesirable fracture height growth in the hydrocarbon-bearing subterranean formation during the fracturing.
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ABSTRACT OF THE DISCLOSURE

A method of hydraulically fracturing a hydrocarbon-bearing subterranean
formation ensures that the conductivity of water inflow below the productive zone of
the subterranean formation 1s reduced. The method consists of two principal steps. In
the first step, a fracture in and below the productive zone of the formation is initiated
by introducing into the subterranean formation a fluid, free of a proppant, such as salt
water, fresh water, brine, liquid hydrocarbon, and/or nitrogen or other gases. The
proppant-free fluid may further be weighted. In the second step, a proppant laden
slurry 1s introduced into the subterranean formation which contains a relatively
lightweight density proppant. Either the fluid density of the proppant-free fluid is
greater than the fluid density of the proppant laden slurry or the viscosity of the
proppant-free fluid 1s greater than the viscosity of the proppant laden slurry. The
method limits undesirable fracture height growth in the hydrocarbon-bearing

subterranean formation during the fracturing.
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IMPROVED METHOD OF HYDRAULIC FRACTURING TO REDUCE
UNWANTED WATER PRODUCTION

SPECIFICATION

Field of the Invention

This invention relates to‘ a method of treating subterranean formations and,
more specifically, to hydraulic fracturing treatments for subterranean formations. Use
of the method of the invention reduces unwanted water production which ordinarily
may result during hydraulic fracturing.

Background of the Invention

In the production of fluids from subterranean formations, it has been a long-
standing practice to hydraulically fracture the formation from a wellbore to enhance
the flow of fluids from the formation into the wellbore. Hydraulic fracturing is
typically employed to stimulate wells which produce from low permeability
formations.

During hydraulic fracturing, a fracturing fluid is injected into the wellbore at
high pressures to create fractures in the rock formation surrounding the bore. The
fractures radiate outwardly from the wellbore, typically from a few to hundreds of
meters, and extend the surface area from which oil or gas drains into the well.

In the absence of suitable boundaries, it is not uncommon during hydraulic
fracturing for the fracture to grow out of the zone of productive interest and proceed
into a zone of non-productive interest, including zones containing water. Most often,
such problem areas are associated with non-productive fracture growth below the
zone of productive interest. Many different approaches have been used to minimize
or avoid the occurrence of such phenomena including the development of modified
perforating schemes and reduction in treatment rates. Another approach has been to
use a fracturing fluid which carries a heavy proppant, such as sand. Such methods do
not however provide a satisfactory solution to the production of unwanted water.

The problem of undesirable fracture height growth may particularly be a
problem when practicing slickwater treatments, in light of the poor transport

properties of slickwater fluids which allow proppants to settle, forming a “proppant
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bank™ at the bottom of the created fracture. Unfortunately, such proppant banks in
contact with water producing zones often provide a high permeability conduit for

unwanted water production. A need exists to mitigate such occurrences.

Summary of the Invention
The invention relates to a method of hydraulically fracturing a hydrocarbon-

bearing subterranean formation. The conductivity of water inflow below the
productive zone of the subterranean formation 1s reduced through the method of the
invention.

The method consists of two critical steps. In the first step, a proppant-free
fluid is introduced into the subterranean formation for a time and at an injection rate
sufficient to initiate a fracture in and below the productive zone of the formation. In a
preferred mode, the proppant-free fluid may comprise salt water, fresh water, brine;
liquid hydrocarbon, and/or nitrogen or other gases. The proppant-free fluid may
further be weighted. In the second step, a proppant laden slurry is introduced into the
subterranean formation. The proppant laden slurry preferably contains a relatively
lightweight density proppant. Typically, either the fluid density of the proppant-free
fluid 1s greater than the fluid density of the proppant laden slurry; or the viscosity of
the proppant-free fluid is greater than the viscosity of the proppant laden slurry.

Where the fluid density of the proppant-free fluid is greater than the fluid
density of the proppant laden slurry, the method of the invention further limits
undesirable fracture height growth in the hydrocarbon-bearing subterranean formation
during the fracturing. The fracture, initiated by the introduction of the proppant-free
fluid, grows below the productive zone of the formation, the proppant-free slurry
migrating to the lower extremities (f)f the nitiated fracture by gravity segregation. The
density differential of the proppant-free fluid and the proppant laden slurry allows the
proppant laden slurry to override the dense proppant-free fluid, thereby causing a

separation of the proppant laden slurry from the proppant-free fluid.
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Brief Description of the Drawings.
In order to more fully understand the drawings referred to in the Detailed

Description of the Preferred Embodiments, a brief description of the drawings is
presented, in which: '

FIGs. 1 and 2 are 2D depictions of a fracture, after closure of the fracture,
initiated with a fracturing fluid containing sand as the proppant and a brine slickwater
flud.

FI1G. 3 1s a depiction of a fracture, after closure of the fracture, initiated with a
pre-pad fluid, followed by a slickwater brine containing an ultra lightweight proppant.
Detailed Description of the Preferred Embodiments

In the first step of the method of the invention, a fluid is injected into the
subterrancan formation which 1s void of a proppant. The injection of this fluid, often
referred to as a “pre-pad,” serves to open the main body of the fracture and develops a
relatively large radius of curvature near the wellbore. The pre-pad has physical
properties which lead the subsequently pumped proppant laden slurry of lower density
and/or viscosity to override and stay substantially separated from it. Thus, the
proppant avoids migration into the lower non-productive zone of the formation.

The injection rate is typically between from about 5 to about 150 barrels per
minute. Typically, the volume of pre-pad is determined by the constraints of the
fracture design and may range from 20 to many hundreds of barrels.

The proppant-free fluid is typically injected into the subterranean formation at
ambient surface temperature and at pressures typically less than 10,000 psi. It also
being understood that core and/or layer materials may be -selected by those of skill in
the art to meet and withstand anticipated downhole conditions of a given application.

The proppant-free fluid typically may be salt water, fresh water, brine, liquid
hydrocarbon and/or nitrogen or other gases or any other pre-pad pumping solution
known to those of skill in the art. For instance, the proppant-free fluid may be a linear
or crosslinked fluid such as a polymeric dispersion of hydrophilic water swellable
particles crosslinked so that they are water insoluble, but capable of swelling in the

presence of relatively small amounts of water. Such polymeric particulates swell and

reduce fluid loss to the formation during the treatment.
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In a preferred embodiment, the proppant-free fluid contains a water control
additive and/or a relative permeability modifier. Suitable as fluid loss additives
include corn starch (especially 100 mesh corn starch) as well as surfactants
comprising an alkyl sarcosinate having from about 12 to 24 carbon atoms in the alkyl
group; the latter disclosed in U.S. Patent No. 6,491,099. Particularly preferred as
water control additive 1s AquaCon, a product of BJ Services Company. See U.S.
Patent No. 6,228,812, Incorporation of such water control additives serves to impede
the flow of water through the created but unpropped fracture below the productive
zone. When present, the total volume of fluid loss additive(s) in the proppant-free
flmid 1s between from about 0.1 to about 5, preferably about 2, volume percent.

The relative permeability modifier (RPM) for use in the invention is any
substance known 1n the art that can impede the production of water. Suitable as the
RPM are homopolymers and copolymers of acrylamide, optionally having been
sulfonated or quaternized, polyvinylalcohol, polysiloxane, or a hydrophilic polymer
selected from natural gums and chemically modified derivatives thereof. Such RPMs
include those disclosed in U.S. Patent Nos. 6,228,812, 5,735,349; 6,169,058, and U.S.
Patent Publication No. 2004-0177957.

Most often the RPM i1s hydrophilic having the ability to remain hydrated in the
formation waters and simultaneously having an affinity to adsorb onto the solid
formation material. Such RPMs typically have weight average molecular weights
ranging from about 20,000 to about 20,000,000 g/mole, preferably from about
100,000 to about 5,000,000 g/mole, most preferably from about 250,000 to about
2,000,000 g/mole.

Further, the term RPM as used herein shall further refer to those RPM systems
as disclosed in U.S. Patent No. 7,181,503. In addition to the molecular weight, the
RPMs must also have specific sites that allow interaction with the organosilicon
compound. Such RPM systems comprise a RPM (as defined above) and an
organosilicon compound In a preferred mode, the organosilicon compound is of the

formula:
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(D

wherein R is a halogen, hydrogen, or an amine radical which can be substituted with
hydrogen, organic radicals, or silyl groups, R; is hydrogen, an amine, or an organic
radical having from 1 to 50 carbon atoms, and R, and R; are hydrogen or the same or

different halogens, alkyl, alkenyl, aryl or amines having 1 to 50 carbon atoms; or
R4

Li ——OR;

Re

e (IT)

wherein R4, Rs and R4 are independently selected from hydrogen, amine, halogen,

alkoxide, and organic radicals having from 1 to 50 carbon atoms, provided not all of

R4, Rs and Rg are hydrogen, and R; is an organic radical having from 1 to 50 carbon

atoms, preferably Ry 1s selected from amine, alkyl, alkenyl, and aryl groups having
from 1 to 18 carbon atoms.

In addition to the hydrophillic swelling polymers, the proppant-free fluid may
contain a hydrophilic polymer further include natural gums such as guar, carrageenan,
gum Arabic, gum ghatti, karaya, tragacanth, pectin, starch, locust bean gum,
scleroglucan, tamarind and xanthan gums and any chemically modified derivatives of
these gums including derivatives of cellulose such as the pendent derivatives
hydroxyethyl, hydroxypropyl, hydroxypropylcarboxymethyl,
hydroxyethylcarboxymethyl, carboxymethyl or methyl or a derivative thereof.

Further, the proppant-free fluid may contain a weighting material in order to
impart higher density to the fluid. Suitable weighting materials are those which have
one or more water soluble calcium salts (typically calcium halide salts such as CaCl,,

etc.) dissolved therein. Where the proppant-free fluid is a brine, the density of the
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weighted brine will generally be in the range of from about 10 to about 18 lb/gal,
preferably from about 15 to about 18 Ib/gal. The high density proppant-free fluids
can suitably also contain other weighting materials known in the art such as other
water soluble salts like sodium salts, such as sodium chloride, sodium bromide, etc.;
zinc salts, such as zinc chloride, zinc bromide, etc.; and sodium, potassium and
cesium salts of formates and the like. However, in those instances wherein zinc salts
such as zinc chloride or bromide are to be included, it 1s generally advisable and
preferable to limit the amount thereof to a maximum level of about 2 weight percent
or less (based upon the total weight of the brine composition) in order to minimize the
risks of zinc sulfide precipitation which may otherwise occur within the formation in
connection therewith. Other suitable weighting materials include ground glass, glass
powder, as well as fiberglass.

The pre-pad pumping treatment is followed by an injection of a proppant-
laden slurry. The propping agents are normally used in concentrations between about
1 to 18 pounds per gallon of fracturing fluid composition, but higher or lower
concentrations can be used as required. Typically, from about 2,000 to about 4,000
barrels of proppant laden slurry containing a total of about 100,000 to about 350,000
pounds of proppant 1s pumped into the formation. The proppant-laden slurry may be
pumped into the formation in successive stages, i1f desired.

Typically, the proppant-laden slurry 1s injected into the formation at ambient
surface temperature and at pressures usually less than 10,000 psi. However, these
stated conditions are exemplary only.

The proppant-laden slurry is pumped at a rate sufficient to place the proppant
into the fracture and form a proppant bank. During the actual pumping the pH may be
adjusted by the addition of a buffer, followed by the addition of the enzyme breaker,
crosslinking agent, and other additives if required. After deposition, the proppant
material serves to hold the fracture open. For reasons apparent below, the proppant-
laden slurry typically does not contain a weighting agent.

In the practice of the invention, proppant-laden slurry may be any carrier fluid

suitable for transporting a mixture of proppant into a formation fracture in a

subterranean well. Such fluids include, but are not limited to, carrier fluids
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comprising salt water, fresh water, liquid hydrocarbons, and/or nitrogen or other
gases. Typically, viscous gels or foams are employed as the fracturing fluid in order
to provide a medium that will adequately suspend and transport the solid proppant, as
well as to impair loss of fracture fluid to the formation during treatment (commonly
referred to as "filterability" or "fluid loss"). As such, viscosity of the fracturing fluid
may affect fracture geometry because fluid loss affects the efficiency of a treatment.
For example, when the rate of fluid loss to the formation equals or exceeds the rate of
injection or introduction of fluid into a fracture, the fracture stops growing.
Conversely, when the rate of fluid loss is less than the injection or introduction rate,
taken together with other factors, a fracture continues to propagate. Excessive fluid
loss thus results in fractures that are smaller and shorter than desired.

In a preterred mode, the proppant is a relatively lightweight or substantially
neutrally buoyant particulate materials or a mixture thereof. Such proppants may be
chipped, ground, crushed, or otherwise processed to produce particulate material
having any particle size or particle shape suitable for use in the methods disclosed
herein. Typically, the particle sizes of the proppants employed in the invention range
from about 4 mesh to about 100 mesh, alternatively from about 8 mesh to about 60
mesh, alternatively from about 12 mesh to about 50 mesh, alternatively from about 16
mesh to about 40 mesh, and alternatively about 20 to 40 mesh. In one exemplary
case, the proppant may be ground walnut shells having a particle size of about 12/20
US mesh size in the first proppant stage and 20/40 US mesh size in the second
proppant stage. Such proppants are less subject to settling and can be more easily
transported to provide greater effective propped fracture length. Greater effective
propped fracture length translates to improved stimulation efficiency, well
productivity and, reservoir drainage. Another benefit of using such particulate
materials is that the requirements for the mixing equipment are minimized. For
instance, when the carrier fluid is a brine, the only requirements on the mixing
equipment 1s that 1t be capable of (a) mixing the brine (dissolving soluble salts), and

(b) homogeneously dispersing in the substantially neutrally buoyant particulate

material.
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By "relatively lightweight" it is meant that the particulate has a density that is
substantially less than a conventional proppant particulate material employed in
hydraulic fracturing operations, e.g., sand or having a density similar to these
materials. Especially preferred are those particulates having a density less than or
equal to 3.25 g/cc. Even more preferred are ultra lightweight particulates having a
density less than or equal to 2.25, more preferably less than or equal to 2.0, even more
preferably less than or equal to 1.75, most preferably less than or equal to 1.25, g/cc.
Preferably, such particulates are selected from ceramics, resin coated ceramics, glass
microspheres, sintered bauxite, resin-coated sintered bauxite, aluminum pellets,
aluminum needles, or nylon pellets or a mixture thereof. In a particularly preferred
embodiment, the particulate is a resin coated ceramic particles or beads or is a
synthetic organic particle such as nylon pellets, ceramics (including aluminosilicates
such as "CARBOLITE," "NAPLITE" or "ECONOPROP").

By "substantially neutrally buoyant", it 1s meant that a particulate has a density
sufficiently close to the density of an ungelled or weakly gelled carrier fluid (e.g.,
ungelled or weakly gelled completion brine, other aqueous-based fluid, or other
suitable fluid) to allow pumping and satisfactory placement of the proppant
particulate using the selected carrier fluid. For example, urethane resin-coated ground
walnut hulls having a density of from about 1.25 to about 1.35 g/cc may be employed
as a substantially neutrally buoyant proppant particulate in completion brine having a
density of about 1.2 g/cc. It will be understood that these values are exemplary only.
As used herein, a "weakly gelled" carrier fluid is a carrier fluid having minimum
sufficient polymer, viscosifier or friction reducer to achieve friction reduction when
pumped down hole (e.g., when pumped down tubing, work string, casing, coiled
tubing, drill pipe, etc.), and/or may be characterized as having a polymer or viscosifier
concentration of from greater than about 0 pounds of polymer per thousand gallons of
base fluid to about 10 pounds of polymer per thousand gallons of base fluid, and/or as
having a viscosity of from about 1 to about 10 centipoises. An ungelled carrier fluid

may be characterized as containing about 0 pounds per thousand gallons of polymer

per thousand gallons of base fluid.



10

15

20

25

30

CA 02471559 2007-04-30

Such materials are disclosed in U.S. Patent Nos. 6,364,018, 6,330,916 and
6,059,034, and are exemplified by ground or crushed shells of nuts (pecan, almond,
ivory nut, brazil nut, macadamia nut, etc); ground or crushed seed shells (including
fruit pits) of seeds of fruits such as plum, peach, cherry, apricot, etc.; ground or
crushed seed shells of other plants such as maize (e.g. corn cobs or corn kernels), etc.;
processed wood materials such as those derived from woods such as oak, hickory,
walnut, poplar, mahogany, etc. including such woods that have been processed by
grinding, chipping, or other form of particalization. Preferred are ground or crushed
walnut shell materials coated with a resin to substantially protect and water proof the
shell. Such materials may have a density of from about 1.25 to about 1.35 g/cc, and a
bulk density of about 0.67.

Further, the relatively lightweight particulate for use in the invention may be a
selectively configured porous particulate, as set forth, illustrated and defined in U.S.
Patent Publication No. 20040040708 A1, published on March 4, 2004.

Also, the relatively lightweight particulate for use in the invention may be a
well treating aggregate, as set forth, illustrated and defined in U.S. Patent Publication
No. 2005-0028979, entitled Methods and compositions of a storable relatively
lightweight proppant slurry for hydraulic fracturing and gravel packing applications.

Those of skill in the art will understand that selection of suitable proppant will
depend, in part, on the density of the flmid of the proppant-laden slurry and on
whether it is desired that the selected proppant particle be relatively lightweight or
substantially neutrally buoyant in the selected fluid, and/or whether or not it is desired
that the fluid be non-gelled or non-viscosified.

The initial proppant-free fluid, as well as the proppant-laden slurry, may also
contain other conventional additives common to the well service industry such as
breakers, surfactants, biocides, gelling agents, hardening agents, solvents, foaming
agents, demulsifiers, butters, clay stabilizers, acids, or mixtures thereof.

In light of the differences in the fluid properties between the proppant-free
flmd and the proppant-laden slurry, the proppant-laden slurry overrides the heavier
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proppant-free fluid, which has migrated down into the fracture growth created below
the productive zone. As such, the conductivity of water intflow below the productive
zone of the formation is reduced. Once pumping 1s completed and the fracture closes,
the areas below the productive zone remain un-propped and thus have a much lower
conductivity to inflow of bottom water.

The method of the invention has particular applicability in limiting undesirable
fracture height growth in the hydrocarbon-bearing subterranean formation. Since the
fracture, initiated by the introduction of the proppant-free fluid, grows below the
productive zone of the formation, the proppant-free slurry migrates to the lower
extremities of the initiated fracture. Such growth proceeds by gravity segregation.
The density differential of the proppant-free fluid and the proppant laden slurry allows
the proppant laden slurry to override the dense proppant-free fluid, thereby causing a
separation of the proppant laden slurry from the proppant-free fluid. After the
fracture is closed, the area below the fracture of the productive zone is unpropped. As
a result, the conductivity of inflow of water below the productive zone of a
subterrancan formation 1s reduced.

The following examples will illustrate the practice of the present invention in
its preferred embodiments. Other embodiments within the scope of the claims herein
will be apparent to one skilled in the art from consideration of the specification and
practice of the invention as disclosed herein. It is intended that the specification,
together with the examples, be considered exemplary only, with the scope and spirit

of the invention being indicated by the claims that follow.

Examples
The Examples demonstrate the ability of the process of the invention to control water

production.

A fracture was simulated using the Mfrac three-dimensional hydraulic
fracturing simulator of Meyer & Associates, Inc. using a simple 3-layer isotropic
homogeneous 0.1 mD permeability gas reservoir model, 40 acre spacing. The
fracture was designed to be placed into the zone at a theoretical depth of

approximately 9800 to about 9900 feet and the model was run in full 3-D mode.
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Since the Mirac model does not make calculations for a partial monolayer, the
conductivity of the propparﬁ was artificially increased at a concentration of 0.5 Ibs/sq.
ft. at a rate ot 50 barrels per minute (bpm).

Fracture conductivity between the proppant-packed fracture and that of the

native reservoir, mathematically defined as:

(proppant pack permeability x fracture width) /

(formation permeability X propped fracture half length),

1s illustrated 1n the conductivity profiles of FIGs. 1, 2 and 3 after closure of the
fracture. FIG. 1 is a 2D depiction of the fracture of injection of the fracturing fluid
using sand as the proppant and a standard 8.4 ppg brine slickwater fluid. FIG. 2
displays an 1dentical job design except that a 10 ppg densified slickwater brine was
used in place of the 8.4 ppg brine as fracturing fluid. FIG. 3 displays the same job
design but use of a pre-pad fluid of 10 ppg slickwater brine and the remaining fluid
being 8.4 ppg slickwater brine containing LiteProp™ 125 lightweight proppant, a
product of BJ Services Company, having a density of 1.25 g/cc. The amount of
LiteProp™ 125 1s volumetrically equivalent to the jobs set forth in FIG. 1 and FIG. 2.
In all three of the fracture designs, an 1dentical pump schedule was used in terms of
fluid volumes; the proppant mass was adjusted for density differences to yield
equivalent proppant volumes for each job design.

The left hand portion of the figures shows a simulated stress profile that could
be prevalent 1n cases where a water-bearing lower zone might be present. The upper
zone 10 on the stress profile 1s a shale zone with a confining stress that will tend to
contain the fracture from growing up too high. The lower zone, 20, on the other hand,
has a lower stress profile that invites the fracture to propagate into it.

The created fracture area, represented as 30, is the area of the reservoir
traversed by the brine slickwater fluid. The propped fracture area, 40, is contributory
to well stimulation, and represents the area of the reservoir propped open to provide

improved fracture conductivity. The created but unpropped area 50, heals upon
fracture closure and, thus, is not considered to be stimulated.
As evidenced in FIG. 1, the sand proppant settles in lower zone 20, thereby

stimulating the water producing zone while providing little, if any, benefit to the
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productivity of the zone of interest 60. The ultimate result of the fracture is very high
water production, and little or no hydrocarbon production. Little difference between
the simulations of FIG. 1 and FIG. 2 can be detected. The additional brine density
modities proppant transport somewhat, but overall the results are very similar. As set
torth in FIG. 3, the densified 10 ppg slickwater brine migrates toward the bottom of
the fracture, allowing the ultra lightweight density (8.4 ppg slickwater) brine to
override the higher density brine and stay mostly in zone of interest 60. This process
etfectively limits, if not eliminates, water production from an adjacent water zone
below the zone of interest and shows no increase in conductivity in the water
producing zone.

Other embodiments within the scope of the claims herein will be apparent to
one skilled in the art from consideration of the specification and practice of the
invention as disclosed hérein. It 1s intended that the specification be considered
exemplary only, with the scope and spirit of the invention being indicated by the

claims which follow.
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CLAIMS
What 1s claimed 1is:
1. A method of hydraulically fracturing a hydrocarbon-bearing subterranean

formation and reducing unwanted water production resulting therefrom, the method
comprising:

(a) introducing a proppant-free fluid into the subterranean formation for a
time and at an injection rate sufficient to initiate fracturing in and below the
productive zone of the subterranean formation;
(b) introducing into the subterranean formation a proppant laden slurry
containing relatively lightweight density proppant;
wherein at least one of the following conditions prevail:
(1) the fluid density of the proppant-free fluid is greater than the fluid
density of the proppant laden slurry; or
(1)  the viscosity of the proppant-free fluid is greater than the viscosity

of the proppant laden slurry

wherein, subsequent to fracturing, the area below the productive zone exhibits lower

conductivity to the inflow of bottom water and no increase in fracture conductivity.

2. The method of Claim 1, wherein the density of the relatively lightweight density
proppant is less than or equal to 3.25 g/cc.

3. The method of Claim 2, wherein the relatively light density proppant is an ultra
hghtweight density proppant having a density less than or equal to 2.25 g/cc.

4, The method of Claim 3, wherein the density of the ultra lightweight density
proppant 1s less than or equal to 1.75 g/cc.

S. The method of Claim 4, wherein the density of the ultra lightweight density

proppant 1s less than or equal to 1.25 g/cc.



CA 02471559 2007-04-30

14

6. The method of Claim 1, wherein the relatively lightweight density proppant is

selected from ceramics, resin coated ceramics, glass microspheres, sintered bauxite,
resin-coated sintered bauxite, aluminum pellets, aluminum needles, nylon pellets, ground
or crushed shells of nuts, seed shells crushed fruit pits, or processed wood materials or a

mixture thereof.

7. The method of Claim 1, wherein the relatively lightweight density proppant is a

selectively configured porous particulate or a well treating aggregate.

8. The method of Claim 1, wherein the fracture in the subterranean formation is
initiated by a fluid which contains a breaker, surfactant, biocide, gelling agent, curable
resin, hardening agent, solvent, foaming agent, demulsifier, buffer, clay stabilizer, acid,

or a mixture thereof.

9. The method of Claim 1, wherein the fracture in the subterranean formation is
initiated by a fluid which comprises salt water, fresh water, liquid hydrocarbon, and/or

nitrogen or other gases.

10.  The method of Claim 1, wherein the fluid introduced to the formation in step (a)

1s weighted.

11.  The method of Claim 10, wherein the weighted fluid introduced to the formation

in step (a) further comprises a water control additive.

12.  The method of Claim 10, wherein the weighted fluid introduced to the formation

in step (a) further comprises a relative permeability modifier.

13. A method of limiting undesirable fracture height growth and water production in a
hydrocarbon-bearing subterranean formation during hydraulic fracturing, the method

comprising:
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(a) initiating a hydraulic fracture that grows below the productive zone of the
formation by pumping a dense liquid into the formation for a time sufficient for
the liquid to migrate to the lower extremities of the initiated fracture by gravity
segregation;

(b)  introducing into the formation a proppant laden slurry containing a
relatively lightweight density proppant, the density and/or viscosity of the
relatively lightweight density proppant being less than the density and/or viscosity
of the hiquid of step (a);

(c) allowing the proppant slurry to override by density differential the liquid
pumped into the formation in step (a) for a time sufficient so as to separate the
proppant slurry from the liquid pumped into the formation in step (a); and

thereby limit water production from a water zone below the productive zone.

14, The method of Claim 13, wherein the density of the relatively lightweight density
proppant is less than or equal to 3.25 g/cc.

15. The method of Claim 14, wherein the relatively lightweight density proppant is an
ultra lightweight density proppant having a density less than or equal to 2.25 g/cc.

16.  The method of Claim 15, wherein the density of the ultra lightweight density
proppant 1s less than or equal to 1.75 g/cc.

17.  The method of Claim 16, wherein the density of the ultra lightweight density
proppant 1s less than or equal to 1.25 g/cc.

18.  The method of Claim 13, wherein the relatively lightweight density proppant is
selected from ceramics, resin coated ceramics, glass microspheres, sintered bauxite,
resin-coated sintered bauxite, aluminum pellets, aluminum needles, nylon pellets, ground
or crushed shells of nuts, seed shells crushed fruit pits or processed wood materials or a

mixture thereof.
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19.  The method of Claim 13, wherein the relatively lightweight density proppant 1s a

selectively configured porous particulate or a well treating aggregate.

20. The method of Claim 13, wherein the fracture in the subterranean formation 1is
initiated by a fluid which contains a breaker, surfactant, biocide, gelling agent, curable
resin, hardening agent, solvent, foaming agent, demulsifier, buffer, clay stabilizer, acid,

or a mixture thereof.

21. The method of Claim 13, wherein the fracture in the subterranean formation is
initiated by a fluid which comprises salt water, fresh water, liquid hydrocarbon, and/or

nitrogen or other gases.

22.  The method of Claim 13, wherein the fluid introduced to the formation in step (a)
1s weighted.

23.  The method of Claim 22, wherein the weighted fluid introduced to the formation

in step (a) further comprises a water control additive.

24.  The method of Claim 22, wherein the weighted fluid introduced to the formation

1n step (a) further comprises a relative permeability modifier.

25. A method of limiting or eliminating the conductivity of inflow of water below the
productive zone of a subterranean formation, comprising the steps of:
(a) initiating a hydraulic fracture in and below the productive zone of the
formation by pumping a liquid into the formation for a time sufficient for the
liquid to migrate to the initiated fracture growth;
(b) introducing into the formation a proppant laden slurry containing a
relatively lightweight density proppant, the density and/or viscosity of the
relatively lightweight density proppant being less than the density and/or viscosity
of the liquid of step (a);
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(c) allowing the proppant slurry to override the hquid pumped into the
formation in step (a) for a time sufficient so as to separate the proppant laden
slurry from the liquid pumped into the formation in step (a); and

(d)  closing the fracture such that the area below the fracture of the productive

zone is unpropped and exhibits no increase in fracture conductivity.

26. A method of hydraulically fracturing a hydrocarbon-bearing subterranean
formation and reducing unwanted water production resulting therefrom, the method
comprising:
(a) 1Introducing a proppant-free weighted brine into the subterranean
formation for a time and at an injection rate sufficient to initiate fracturing;
(b)  introducing into the subterranean formation a proppant laden slurry
comprising a resin coated ultra lightweight ceramic
wherein at least one of the following conditions prevail:
(1) the fluid density of the weighted brine is greater than the fluid
density of the proppant laden slurry; or
(1)  the viscosity of the weighted brine is greater than the viscosity of
the proppant laden slurry
wherein, subsequent to fracturing, the area below the productive zone exhibits lower

conductivity to the inflow of bottom water and no increase in fracture conductivity.

27. The method of Claim 9, wherein the fracture in the subterranean formation is

initiated by a fluid which comprises salt water or fresh water.

28.  The method of Claim 1, wherein the proppant-free fluid comprises slickwater

brine.

29.  The method of Claim 28, wherein the proppant laden slurry comprises slickwater

brine.
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30. The method of Claim 21, wherein the fracture in the subterranean formation is

initiated by a fluid which comprises salt water or fresh water.

31.  The method of Claim 30, wherein the proppant laden slurry comprises slickwater

brine.

32. The method of Claim 25, wherein the fracture in the subterranean formation is

initiated by a fluid which comprises salt water or fresh water.

33.  The method of Claim 32, wherein the proppant laden slurry comprises slickwater

brine.
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