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METHOD OF HYDRAULIC FRACTURE OF SUBTERRANEAN FORMATION

Technical Field of the Invention

[0001] This invention relates generally to the art of hydraulic fracturing in subterranean
formations and more particularly to a method and means for optimiziné fracture

conductivity.

Background of the Invention

[0002] Hydrocarbonso(oil, natural gas, etc.) are obtained from -a subterranean géologic
formation (i.e., a “reservoir”) by drilling a well that penetrates the hydrocarbon-bearing
formation. This provides a partial flowpath for the hydrocarbon to reach the surface. In
order for the hydrocarbon to be “produced,” that is trével from the formation to the:
- wellbore (and ‘pltimately to the surface), there must be a sufficiently unimi)eded

flowpath from the formation to the wellbore.

[0003] Hydraulic fracturing is a primary tool for improving well productivity by placing
or extending channels from the wellbore to the reservoir. This operation is éssentially
performeq) by hydraulically injecting a fracturing fluid into a wellbore penetrating a
subterranean formation and forcing the fracturing fluid against the formation strata by
- pressure. The formation strata or rock is forced to crack and fracture. Proppﬁnt 1S placed
m the fracture to prevent the fracture from closing and thus, prbvide improved flow of

the recoverable fluid, i.e., oil, gas or water.

[0004] The success of a hydraulic fracturing treatment is related to the fraéture
conductivity. Several parameters are known to affect this conductivity. First, tﬁe
proppant creates conductive path to the wellbore after pumping has stopped and the
proppant pack 1s thus critical to the success of a hydraulic fracture | treatment. Numerous
methods have been developed to improve the fracture conductivity by proper selection |
of the proppant size and. concentration, To improve fracture proppant conductivity,
typical approaches include selecting the optimum propping agent. More generally, the
most common approaches to iﬁprove propped fracture performance include high
strength proppants (if the proppant strength is not high enough, the closure stress

crushes the proppant, creating fines and reducing the conductivity), large diameter
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proppants (permeability of a propped fracture increases as the square of the grain

diameter), high proppant concentrations in the proppant pack to obtain wider propped

fractures.

[0005] In an effort to limit the flowback of particulate proppant materials placed "into
the formation, proppant-retention agents are commonly used so that the proppant
remains in the fracture. For instance, the proppant may be coated with a curable resin
activated under downhole conditions. Different materials such as fibrous material,
fibrous bundles or deformable materials have also used. In the cases of fibers, it is
believed that the fibers become concentrated into a mat or other three-dimensional
framework, which holds the proppant thereby limiting its flowback. Adi:litionall’y, fibers
contribute to prevent fines migration and consequently, a reduction of the proppant-pack

- conductivity.

[0006] To ensure befter proppant placement, it is also known to add a: pr0ppai1t- |
retention agent, e.g. a fibrous material, a curable resin coated on thé proppant, a pre-
cured resin coated on the proppant, a combination of curable and pre-cured (sold as
partially cured) resin coated on the proppant, platelets, deformable particles, or a sticky
proppant coating, to tfap proppant particles in the fracture and prevent their production

through the fracture and to the wellbore.

[0007] Proppant-based fracturing fluids typically also cbmprise a viscosifier, such as a
solvatable polysacchaﬁde to provide sufficient viscosity to tramsport the ﬁroppant.
Leaving a highly-viscous fluid in the fracture reduces the permeability of the proppant
~pack, limiting the effectiveness of the treatment. Therefore, gel breakers have been
developed that reduce the viscosity by cleaving the polymer into .small molecules
fragments. Other techniques to facilitate less damage in the fracture involve the use of
gelled oils, foamed fluids or emulsified fluids. More recently, solid-free systems have
been developed, based on the use of viscoelastic surfactants as viscosifying agent,

resulting in fluids that leave no residues that may impact fracture conductivity.

[0008] Numerous attempts have also been made to improve the fracture conductivity by
controlling the fracture geometry, for instance to limit its vertical extent and promoting
longer fracture length. Since creating a fracture stimulates the production by increasing

the effective wellbore radius, the longer the fracture, the greater the effective wellbore
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radius. Yet many wells behave as though the fracture length were much shérter because
the fracture is contaminated with fracturing fluid (i.e., more particularly, the fluid used
to deliver the prOppaﬁt as well as a fluid used to create the fracture, both of Whiéh shall
be discussed below). The most difficult portion of the fluid to recover is that retained in
the fracture tip—i.e. the distal-most portibn of the fracture from the wellbore. Thus, the

~result of stagnant fracturing fluid in the fracture naturally diminishes the recovery of

hydrocarbons.

[0009] Among the methods proposed to improve fraéaue geometry, one iﬁclﬁdes
fracturing stages with periods of non-pumping or intermittent sequenées of pumping
and flowing the well back as described in the United States Patent No. 3,933,205 to
Kiel. By multiple hydraulic fracturing, the well productivity is increased. First, a long
primary fracture is created, then spalls are formed by allowing the pressure in the
fracture to drop belbw the mitial fracturing pressure by discontinuing injection and
sHutting the well. The injection is resumed to displace the formed spalls along the
fracture and again discontinued, and the fracture is propped by the displaced spalls.
According to a preferred embodiment, the method is practiced by allowin g the well to

flow back during at least some portion of the discontinuation of the injection.

[0010] Another placement method involves pumping. a hgh viscosity fluid for: Pad
followed by less viscous fluid for proppant stages. Thils technique is used for fracturing
thin producing intervals when fracture height growth is not desired to help kéep the
proppant across from the producing formation. This technique, sométimes referred to as
~ “pipeline fracturing”, utilizes the improved mobility of the thinner, proppant-laden fluid
to channel through the significantly more viscous pad fluid. The height of the proppant-
laden fluid is generally confined to the perforated interval. As long as the perforated
interval covers the prodﬁcing formation, the proppant will remain where it is needed to
provide the fracture conductivity (proppant that is placed in a hydraulic fracture that has
propagated above or below the producing interval is ineffective). This technique is often
used in cases where minimum stress differential exists in the intervals bounding the
producing formation. Another example would be where a water-producing zone is
below the producing formation and the hydraulic fracture will propagate into it. This

method cannot prevent the propagation of the fracture into the water zone but may be



CA 02492935 2005-01-18
WO 2004/009956 PCT/EP2003/007643

able to prevent proppant from getting to that part of the fracture and hold it open (this is
also a function of the proppant transport capability of the fracturing fluid).

[0011] Other methods for improving fracture conductivity are with encapsulated
_breakers and are described in a number of patents and publications. These methods
involve the encapsulation of the active chemical breaker material so that more of it can
- be added during the pumping of a hydraulic fracturing treatment. Encapsulating the
chemical breaker allows its delayed release into the fracturing fluid, preventing it from
reacting too quickly so that the viscosity of the fracturing fluid would have been
degraded to such an extent that the treatment could not be completed. Encapsulating the
active chemical breaker allows for significantly higl{er amounts to be added which will
result in more polymer degradation in the proppant pack. More polymer degradation :

means better polymer recovery and improved fracture conductivity.

[(0012] All of the methods described above have limitations. The Kiel method relies on
“rock spalling” and creation of multiple fractures to be successful. This technique has
most often been applied in naturally fractured formations, in particular, chalk. The
theory today governing fracture re-orientation would suggest that the Kiel method could
result in separate fractures, but these fractures would orient themselves rather quickly |
into nearly the same azimuth as the original fracture. The “rock spalling” phenomenon
has not shown to be particularly effective (may not exist at all in many cases) in the
waterfrac applicétions over the past several years. The “pipeline fracturing” method is
generally limited by the concentration and total amount of proppant that can be pumped
in the treatment since the carrying fluid is a low viscosity polymer-based 1inéar gel. The
lack of proppant transport will be an issue as will the increased chance for proppant
bridging in the fracture due to the lower viscosity fluid. The lower proppant
concentration will minimize the amount of conductivity that can be created and the

presence of polymer will effectively cause more damage in the narrower fracture.

[0013) The development and application of encapsulated breakers results in significant
improvement of fracture conductivity. Nevertheless, there is still a limitation as the
amount of polymer recovered from a treatment will often not exceed 50% (by weight).
Most of the polymer is concentrated in the tip portion of the fracture, that is the portion

most distant from the wellbore. This means that the well will produce from a shorter
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fracture than what was designed and put in place. In all of the above cases the proppant
will occupy approximately no less than 65% of the volume of the fracture. This means

that no more than 35% of the pore volume can contribute to the frécture. conductivity.

[0014] It 1s therefore an object of the present invention to provide an improved method

of fracturing and propping a fracture — or a part of a fracture whereby the fracture

conductivity'is improved and thus, the subsequent production of the well.

Summary of the Invenfion

[0015] According to the present invention: the well productivity is increased by
sequentially injecting into the wellbore alternate stages of fracturing fluids having a
contrast in their ability to transport propping agents to improve proppant placement, or

having a contrast in the amount of transported propping agents.

[0016] The propped fractures obtained following this process have a pattern
characterized by a series of bundles of proppant spread along the fracture. In another
words, the bundles form “islands” that keep ‘the fracture opens along its length but

provide a lot of channels for the formation fluids to circulate.

[0017] According to one aspect of the inv‘ention, the ability of a fracturing fluid to
transport proPiJing agents is defined according to the industry standard. This standard
uses a large-scale flow cell (rectangular in shape with a width to simulate that of an
average hydraulic fracture) so that fluid and progi;)ant can be mixed (as in field
operatiéns) and injected into the cell dynamically. The flow cell has graduations in
length both vertically and horizontally enabling the determination of the rate of vertical
proppant settling and of the distance from the slot entrance at which the deposition
occurs. A contrast in the 'ability to transport propping agents can consequently be
defined by a significant difference in the settling rate (measurement is length/time,
ft/min). According to a preferred embodiment of the invention the alternated pumped
fluids have a ratio of settling rate of at least 2, preferably of at least 5 and most

preferably of at least 10.

[0018] Since viscoelastic-based fluids provide exceptionally low settling rate, a
preferred way of carryihg out the 1nvention is to alternate fluids comprising viscoelastic

surfactant and polymer-based fluids.
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[0019] According to another aspect of the invention, the difference in settlin g rate 1s not
achieved simply from a static point of view, by modifying the chemical compositions of
the fluids but by alternating different pumping rates so that from a dynamic point of

view, the apparent settling rate of the proppant in the fracture will be altered.

[0020) A combination of the static and dynamic approach may also be considered. In
other words, the preferred treatment coﬁsis‘ts in alternating sequences of a first fluid,
having a low settling rate, pumped at a first high apu}mping rate and of a second fluid,
having a higher settling rate and pumped at a lower pumping rate. This approach may be
in particular preferred where the ratio of the settling rates of the different fluids is
relatively small. If the desired contrast in proppant settling rate is not achieved, the
pump rate may be adjusted in order to obtain the desired proppant distribution in the
fracture. In the most preferred aspect, the design is such that a constant pump rate is

maintained for simplicity.

[0021] As an alternative aspect the pump rate may be adjusted to control the proppant
setthng. It 1s also possible to alternate proppants of different density to control the
proppant settling and achieve the desired distribution. In even another aspect the base-
fluid density may be altered to achieve the same result. This is because the alternating
stages put the proppant where it will provide the bes.t conductivity. An alternating “good
transport” and “poor transport” is dependent of five main variables — proppant transport
capability of the fluid, pump rate, density of the base-fluid, diameter of the proppant and
density of the proppant. By varying any or all of these, the desired result may be
achieved. The simplest case, and therefore preferred, is to have fluids with different
- proppant transport capability and keep the pump rate, base-fluid density and proppant

dénsity constant.

[0022] According to another embodiment of the invention, the proppant transport
- characteristics are de-facto altered by significantly changing the amount of proppant
transported. For instance, proppant-free stages are alternated with the proppant-stages.
* This way, the propped fracture pattern is characterized byba series of post-like bundles

that strut the fracture essentially perpendicular to the length of the fracture.
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[0023] The invention provides an effective means to improve the conductivity of a
propped hydraulic fracture and to create a longer effective fracture half-length for the

purpose of increasing well productivity and ultimate recovery.

[0024] The invention uses alternating stages of different fluids in order to maximize
effective fracture half-length and fracture conductivity. The iﬂvention 1s Intended to
improve proppant Blacement in  hydraulic fractures to improve the effective
conductivity, which in-turn improves the dimensionless fracture conductivity leading to
“improved stimulation of the well. The invention can also increase the effective fracture

half-length, which in lower permeability wells, will result in increased drainage area.

10025] The invention relies on the proper selection of fluids in order to achieve the
desired results. The alternating fluids will typically have a contrast in their ability to
transport propping agents. A fluid ti1at has poor proppant transport characteristics can be
alternated with an excellent proppant transport fluid to improve proppant placement in

the fracture.

[10026] The alternate stages of fluid of the invention are applied to the proppant carrying
stages of the treatment, also called the slurry stages, as the intent is to alter the proppant
distribution on the fracture to improve length and conductivity. As an example, portions
of a polymer-based proppant-carrier fluid may be reﬁlaced with a non-damaging
viscoelastié surfactant fluid system. Alternating slurry stages alters the final distribution
of proppant in the hydraulic fracture and minimizes damage i the proppant pack

allowing the well to attain improved productivity.

[0027] According fo a preferred embodiment, a polymer-based fluid system is used for
the pad fluid 1n these éases in order to generate sufficient hydraulic fracture width and
provide better fluid loss control. The invention may also carried out with foams, that is
fluids that in addition of the other components compﬁse a gas such as nitrogen, carbon
dioxide, air or a combination thereof. Either or both stages can be foamed with any of
the gas. Since foaming may affect the proppant transport ability, one way of carrying

out the invention is by varying the foam quality (or volume of gas per volume of base
fluid).

[0028] According to a preferred embodiment, this method based on pumping alternating

fluid systems during the proppant stages is applied to fracturing treatments using long
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pad stages and slurry stages at very low proppant

concentration and commonly known as “waterfracs’”, as

described for instance in “Proppants? We Don’t Need No
Proppants” (Mayerhofer, et al.: SPE Paper 38611 presented at
the Annual Technical Conference and Exhibition held in
San Antonio, Texas, October 5-8, 1997), or known also 1in the

industry as “slickwater” treatment or “hybrid waterfrac

treatment”. As described 1in the term “waterfrac” as used

herein covers fracturing treatment with a large pad volume

(typically of about 50% of the total pumped fluid volume and
usually no less than where at least 30% of the total pumped
volume), a proppant concentration not exceeding 2 lbs/gal,
constant (and in that case lower than 1 lbs/gal and
preferably of about 0.5 lbs/gal) or ramp through proppant-
laden stages, the base fluid being either a “treated water”
(water with friction-reducer only) or comprising a polymer-

base fluid at a concentration of between 5 to 15 lbs/Mgal).

In accordance with the broad aspect there is

provided a method for fracturing a subterranean formation
comprising sequentially injecting into a wellbore above
fracture pressure, alternate stages of proppant-containing
fracturing fluids having a contrast in their ability to
transport propping agents to improve proppant placement,
wherein there are at least two cycles of alternative greater

and lesser transporting ability.

Brief description of the drawings

[0029] The above and further objects, features and
advantages of the present invention will be better
understood by reference to the appended detailed

description, and to the drawings wherein:
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[0030] Figures 1-A and 1-B shows the proppant distribution

following a waterfrac treatment according to the prior art;

(0031] Figures 2-A and Z2-B show the proppant distribution as
a result of alternating proppant-fluid stage according to

the invention;

[0032] Figures 3-A and 3-B show the proppant distribution
following a treatment of multilayered formation according to

the prior art;

[0033] Figures 4-A and 4-B show the proppant distribution
following a treatment of a multilayered formation according

to the invention;

[0034] Figure 5 shows the expected gas production following
a treatment according to the invention and a treatment

according to a “waterfrac” treatment along the prior art;

[0035] Figure 6 shows the fracture profile and conductivity
(using color drawings) for a well treated according to the

prior art (figure 6-A) or according to the invention (figure

6-B) .
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Detailed descrigtiqn and preferred embodiments

[0036] In most cases, a hydraulic fracturing treatment consists in pumping a proppant-
free viscous fluid, or pad,.usually water with-some fluid additives to generate high
viscosity, into a well faster than the fluid can escape into the formation so that the
pressure rises and the rock breaks, creating artificial fracture and/or enlarging existing
fracture. Then, a propping agent such as sand 1s added to the fluid to form a slurry that
is pumped into the fracture to prevent it from closing when the pumping pressure is
released. The proppant transport ability of a base fluid depends on the type of

viscosifying additives added to the water base.

[0037] Water-base fracturing fluids with water-soluble polymers added to make a
viscosified solution are widely used in the art of fracturing. Sinéé the late 1950s, more
than half of the fracturing treaﬁnents are conducted with fluids comprising guar gums,
high-molecular weight polysaccharides composed of mannose and galactose sugars, or
guar derivatives such as hydropropyl guar (HPG), carboxymethyl guar (CMG).
~carboxymethylhydropropyl guar (CMHPG). Crosslinking agents based on' boron,
titanrium, zirconium or aluminum complexes are typically used to increase the effective
molecular weight of the polymer and make them better suited for use in high-

temperature wells.

[0038] To a smaller extent, cellulose derivatives such as hydroxyethylcellulose (HEC)
or hydroxypropylcellulose (HPC) and carboxymethylhydroxyethylcellulose (CMHEC)
are also used, with or without crosslinkers. Xanthan and scleroglucan, two biopolymers,
ﬁave been shown to have excellent proppant-suspension ability even though they are
more expensive than guar derivatives and therefore used less frequently. Polyacrylamide
and polyacrylate polymers and copolymers are used typically for high-temperature

applications or friction reducers at low concentrations for all temperatures ranges.

[0039] Polyfner-free, water-base fracturing fluids can be obtained using viscoelastic
surfactants. These fluids are normally prepared by mixing in appropriate amounts
suitable surfactants such as anionic, cationic, nonionic and zwitterionic surfactants. The
viscosity of viscoelastic surfactant fluids 1s attributed to the three dimensional structure
formed by the components in the fluids. When the concentration of surfactants in a

viscoelastic. fluid significantly exceeds a critical concentratton, and in most cases in the
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presence of an electrolyte, surfactant molecules aggregate into species such as micelles,

which can interact to form a network exhibiting viscous and elastic behavior.

[0040] Cationic viscéelastic surfactants - typically consisting of lbng—chain quaternary
ammonium salts such as cetyltrimethylammonium bromide (CTAB) ~ have been so far
of primarily commercial interest in wellbore fluid. Common reagents that generate
viscoelasticity in the surfactant solutions are salts such as ammonium chloride,
potassium chloride, sodium chloride, sodium salicylate and sodium isocyanate and non-
jonic organic molecules such as chloroform. The electrolyte content of surfactant
solutions is also an important control on their viscoelastic behavior. Reference 1s made
 for example to U.S. patents No. 4,695,389, No. 4,725,372, No. 5,551,516, No.
5,964,295; and No. 5.979,557. However, fluids comprising this type of cationic
viscoelastic surfactants usually teﬁd to lose viscosity at high brine concentration (10
pounds per gallon or more). Therefore, these fluids have seen limited use as gravel-
packing fluids or drilling fluids, or in other applications requiring heavy fluids to

balance well pressure. Anionic viscoelastic surfactants are also used.

[0041] It 1S aiso known from International Patent Publication WO 98/56497, to impart
- viscoelastic properties using amphoteric/zwitterionic surfactants and an organic acid,
salt and/or inorganic salt. The surfactants are for instance dihydroxyl alkyl glycinate,
alkyl ampho acetate or propionate, alkyl betaine, alkyl amidopropyl betaine and |
alkylamino mono- or di-propionates derived from certain waxes, fats and oils. The
surfactants are used in-conjunction with- an inorganic water-soluble salt or organic
additives such as phthalic acid, salicylic acid or their salts. Amphoteric/ zwitterionic
surfactants, in particular those comprising a betaine moiety are useful at temperature up
to about 150 °C and are therefore of particular interest for medium to high temperature
wells. “However, like the cationic viscoelastic surfactants mentioned above, they are

usually not compatible with high brine concentration.

10042] According to a preferred embodiment of the invention, the treatment consists in
alternating viscoelastic-base fluid stages (or a fluid having relatively poor proppant
capacity, such as a polyacrylamide-based fluid, in particular at low concentration) with

stages having high polymer concentrations. Preferably, the pumping rate 1s kept

~10-
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constant for the different stages but the proppant-transport ability may be also improved

(or alternatively degraded) by reducing (or alternatively increasing) the pumping rate.

[0043] The proppant type can be sand, intermediate strength ceramic proppants
(available from Carbo Ceramics, Norton Proppants, etc.), sintered bauxites and other
materials known to the industry. Any of these base propping agents can further be
coated with a resin (available from Santrol, a Division of Fairmount Industries, Borden
Chemical, etc.) to potentially improve the clustering ability of the proppant. In addition,
the proppant can be coated with resin or a proppant flowback control agent such as
fibers for instance can be simultaneously pulﬁped. By selecting proppants having a
.. contrast in one of such properties such as density, size and concentrations, different

settling rates will be achieved.

[0044] An example of a “waterfrac” treatment is illustrated in figure 1-A and 1-B.
“Waterfrac” treatments employ the use of low cost, low viscosity flmids in order to
stimulate verj} low permeability reservoirs. The results have been reported to be
successful (measured productivity and economics) and rely on the mechanisms of
asﬁerity creation (rock spalling), shear displacement _of rock and localized high
concentration of proppant to create adequate conductivity. It is the last of the three
mechanisms that is mostly responsible for the conductivity obtained in “waterfrac”

treatments. The mechanism can be described as analogous to a wedge splitting wood.

. .[0045] Figure 1-A is a schematic view -of a fracture during the fracturing process. A
wellbore 1, drilling through a subterranean zone 2 that is expected to produce
hydrocarbons; is cased and a cement sheath 3 is placed in the annulus between the
casing and the wellbore walls. Perforations 4 are provided to establish a connection
“between the formation and the well. A fracturing fluid 1s pumped downhoie at a rate and
pressure sufficient to form a fracture 5 (side view). With such a waterfrac treatment
according to the prior art, the proppant 6 tends to accumulate at the Jower portion of the

fracture near the perforations.

[0046] The wedge of proppant happens because of the high settling rate in a poor
proppant transport fluid and low fracture width as a result of the in-situ rock stresses
and the low fluid viscosity. The proppant will settle on a low width point and

accumulate with time. The hydraulic width (width of the fracture while pumping) will

-11-
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allow for considerable émounté to be accumulated prior to the end of the job. After the
job is completed and pumping 1s ceased the fracture will try and close as the pressure in
the fracture decreases. The fracture will be held open by the accuniulation of proppant
as shown in the following figurel-A. Once the pressure is released, as shown Figure 1-
B, the fracture 15 shrinks both in length and height, slightly packing down the proppant
16 that remains in the same location near the perforations. The limitation in this
treatment is that as the fracture closes after pumping, the "wedge of proppant” can only
maintain an open (conductive) fracture for some distance above and laterally away. This
distance depends on the formation properties (Young's Modulus, in-situ stress, etc.) and

the properties of the proppant (type, size, concentration, etc.)

[0047] The method of this invention aids in redistribution of the proppant by effecting
the wedge dynamically during the treatment. For this example a low viscosity waterfrac
fluid is alternated with a low viscosity viscoelastic fluid which has excellent proppant
tré.nsport characteristics. The alternating stages of viscoelastic fluid will pick up, re-
- suspend and transport some of the proppant wedge that has formed near the wellbore
due to settling after the first stage. Due to the viscoelastic properties of the fluid the
alternating stages pick up thé proppant and form localized clusters (similar to the
wedges) and redistribute them farther up and out into the hydraulic fracture. This is
illustrated figure 2-A and 2-B that again represents the fracture during pumping (2-A) |
and after pumping (2-B) and where the clusters 8 of propp ant are spread out along a
large fraction (if not all) of the fracture length. As a result, when the pressure is
released, the clusters 28 remain spread along the whole fracture and minimize the

shrinkage of the fracture 25.

[0048] The fluid systems can be alternated many times to achieve varied distribution of
the clusters 1n the hydraulic fracture. This phenomenon will create small pillars in the
fracture that will help keep more of the fracture open and create higher overall

conductivity and effective fracture half-length.

100491 In another "waterfrac" related application it is possible to just move the proppant
out laterally away from the wellbore in order to achieve a longer effective fracture half-

length.

~12-
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[0050] The invention 1is parﬁcularly useful in multi-layered formations with varying
stress. This will often end up with the same effect as above. This is due to the fact that
there are several points of limited hydraulic fracture width along the fracture height due
to intermittent higher stress layers. This idea is illustrated figures 3 and 4 that are similar
to figures 1 &2, representative of a single-layer formation Whefe the producing zone is
continuous with no breaks in lithology. In Figures 3 and 4, the case represented in
Figures 1 and 2 is essentially repeating itself: the wellbore 1 is drilling through 3
production zones 32, 32’ and 32" isolated by intervals of shales or ofher non-productive
zones 33. Perforations 4 are provided for each of the production zones to bypass the

cement sheath 3.

[0051] According to the priort art, as long as the fracture pressure is kept (figure 3A) a
large fracture 5 that encompasses the different productions zone is formed, with a
cluster (6, 6’ and 6) of proppant settling near each perforation 4. When the pressure is °
released (figure 3B), the position of the clusters remains essentially unchanged (36, 36’
and 36”) so that there 1s typically not enough proppant to keep the whole fracture open
and as a result, small fractures 35, 35’ and 35”, without imtercommunication. The

producing zone is broken up by the presence of non-productive higher stress intervals.

[0052]) By using a combination of fluids that will pick-up, transport and redistribute the
proppant it is possible to remediate the negative impact of the short effective fracture
half-length and may even possibly eliminate the fracture closing across from the high
stress layers. The fracture can close across the higher stress layers illustrated in Figure 3
because of lack of vertical proppant coverage in the fracture. In fluid stages alternated
between the various fluid types it is possible to achieve the following post-treatment |
proppant coverage in the fracture as sho’wn' figure 4: the multiplicity of proppant clusters
8 formed during the pressure stage minimizes the closure of the fracture so that the final

“fracture 48 held by the clusters 48.

[0053] There are many different combinations of fluid systems that can be used to
achieve the desired results based on reservoir conditions. In the least dramatic case it
would be beneficial to pick-up sand from the bank that has settled and move it laterally
away from the wellbore. The various combinations of fluids and proppants can be

designed based on individual well conditions to obtain the optimum well production.
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10054] The following example illustrates the invention by running two simulations. The
first simulation is based on a waterfrac treatment according to the prior art. The second
simulation is based on a treatment according to the invention where fluids of different

proppant-transport ability are alternated.

[0055] In the first conventional pumping schedule, a polymer-base fluid is pumped at a
constant rate of 35 bbl/min. Table I shows the volume pumped per stage, Ehe quantity of
proppant (in pounds per gallons of base fluid or ppa), the corresponding proppant mass
and the pumping time. The total pumped volume is 257520 gallons, with a proppant
mass of 610000 lbs in a pumping time of 193.9 minutes. The polymer-base fluid 1s a
201bs/1000 gallons of an uncrosslinked guar. -

Table 1

Volume
(gallons)

10056] As shown in Table II, in the second stimulation, according to the invention, was
run by splitting each stage into two to pump alternatively a polymer-base fluid and a
viscoelastic (or VES) base fluid at 3% of erucyl methyl(bis) 2-hydroxyethyl ammonium
chloride. The volumes, pfoppant concentration and pumping rate were kept the same as |

in the simulation shown Table 1.
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Pumping

(gallons) | concentration | mass (Ibs) | Volume | Time

(bbl)

i

1 | Polymer | 15000 10.7

1a VES | 5000 | 10 | 5000 1244 | 36
Polymer 20000 155 |
s o 7]
Polymer 20000 16.1
6 |Polymer 10000 | 60 | 60000 | 3027 | 86
VES 5000 70 | 35000 156.7 45
8a  |VES | 5000 | 80 | 40000 162.1 4.6

[0057] The forecasted cumulative gaé production expected when using the pumping

schedules according to tables 1 and 2 is represented figure 5. The schedule according to

the invention 1s expected to provide a cumulative production far superior to the

production expected with a treatment according the art.

[0058] A simulation was further carried out to illustrate the formation of “posts” in the

fracture. Figures 6 and 7 show the fracture profiles and fracture conductivity predicted

by a simulation tool, using a “waterfrac” pumping schedule according to the prior art

(table III) or using a pumping schedule according to the invention (table IV). As for the

preceding cases, the schedule according to the invention is essentially obtained by

splitting the stages of the schedule according to the prior art. To be noted that in both
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cases, the pumping rate 1s assumed to be equal to 60.0 bbl/min and that the polymer
fluid (table III and IV) comprises 301bs/1000 gallon of un-crosslinked guar and the VES
fluid (table IV) 1s a solution at 4% of erucyl methyl(bis) 2-hydroxyethyl ammonium
chloride. Both schedules deliver the same total proppant mass, total slurry volume and

total pumping time.

Table 111

Volume

Stages |
| (gallons)

Pumping

concentration | mass (1bs) Time

150000 1 59.5 .

Pad Polymer

o
4.0
6.0

| Polymer 25000 702.9 117
Polymer 20000 122
Polymer 10000 . 5.0

s

Table 1V
Stages Fluid | Volume 'Pr0ppant Proppant Pumping k
(gallons) | concentration | mass (Ibs) | Volume | Time
o ) AL -
Pad { Polymer { 150000 0.0 | 0 3571.4 395 |
Polymer 15000 1.0 15000 3733 6.2

1a VES 5000 1.0 5000 124 .4 2.1

2 |Polymer | 15000 | 20 | 30000 | 389.4 6.5

10000 | 3.0 30000 | 270.4 4.5
4 Polymer 15000 | 4.0 60000 562.3 7.0 |
P — e I — —

VES 10000 4.0 40000 281.2 47 |

4a

Nl

—-
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Polymer 5000 “ 30000 1513 25

VES 5000 | 60 | 30000 | 1513 23

10059 Where the two pumping schedules shown above in table III and IV are applied

to a well having a profile as schematized in the left part of figure 6, completely different
fracture profiles are achieved. As it can be seen in comparing figure 6-A and 6-B, the
invention provides a much wider fracture. Moreover, the colored diagrams in the right
part show that the conductivity in the fracture obtained with a conventional treatment is
systematicz}lly in the “plue” zone, indicative of a conductivity not exceeding 150 md.ft.
On the othe.; hand, the fracture accordiﬂng to the invention presents essentially two posts
whe;re the conductivity is in the “orange” zone, in the range of about 350-400 md.ft.
Moreover, the zone of highest conductivity is about twice as high as in the conventional

freatment.
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CLAIMS:

1. A method for fracturing a subterranean formation
comprising sequentially injecting into a wellbore above
fracture pressure, alternate stages of proppant-containing
fracturing fluids having a contrast in their ability to
transport propping agents to improve proppant placement,
wherein there are at least two cycles of alternative greater

and lesser transporting ability.

2. A method for fracturing a subterranean formation
comprising sequentially injecting into a wellbore, alternate
stages of proppant-containing fracturing fluids having a

contrast 1n thelr proppant-settling rates wherein there are

at least two cycles of alternative greater and lesser

settling ability.

3. The method of claim 1, wherein said contrast is
obtained by selecting proppants having a contrast in at
least one of the following properties: density, size and

concentration.

4, The method of claim 1, wherein the proppant-
settling rate 1s controlled by adjusting the pumping rates.

5. The method of claim 2, wherein the fracturing

fluids, injected during the alternate stages, have a

proppant-settling ratio of at least 2.

0. The method of claim 5, wherein the fracturing
fluids injected during the alternate stages have a settling

ratio of at least 5.

7. The method of claim 6, wherein the fracturing
fluids injected during the alternate stages have a settling

rat1o of at least 10.

_18_
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8. The method of claim 1 or 2, further comprising a
pad stage.

9. The method of claim 1 or 2, wherein the proppant-

containing fracturing fluids comprise viscosifying agents of

5 different natures.

10. The method of claim 9, wherein alternate stages of

proppant-containing fracturing fluids comprise different

viscosifying agents selected from the list consisting of

polymers and viscoelastic surfactants.

10 11. The method of claim 1 or 2, comprising alternating

proppant-stages and proppant-free stages.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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