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(57) ABSTRACT 

Low profile diverters for, and the use of such diverters in, 
fracing operations to stimulate production of oil and gas are 
capable of seating against and temporarily sealing perfora 
tions, even when frac fluid is being pumped at high rates and 
pressures, or in horizontal or highly deviated well bores, 
where conventional ball sealers cannot be reliably used 
because of high flow rates and pressures. 
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HYDRAULIC FRACTURING WITH STRONG, 
LIGHTWEIGHT, LOW PROFILE 

DVERTERS 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 15/356,656 filed Nov. 20, 2016, which claims 
benefit of provisional application no. 62/259,681, filed Nov. 
25, 2015, both of which are incorporated herein by reference 
for all purposes. 

FIELD OF INVENTION 

0002 The invention pertains to hydraulic fracturing of 
Subterranean geological formations to stimulate production 
of oil or natural gas from the formations. 

BACKGROUND 

0003 Generally, more porous rock has more space for 
holding oil and gas. However sometimes relatively porous 
rock has low permeability. Permeability is a measure of the 
ease with which fluids will flow through rock. Shale is an 
example of rock with relatively high porosity but very low 
permeability due to the Small grain size, which reduces the 
paths through which hydrocarbons can flow. Porosity of a 
rock is a measure of its capacity to contain or store fluids and 
can be calculated as the pore volume of the rock divided by 
its bulk volume. Rock's primary porosity is determined at 
the time of its deposition, but secondary porosity develops 
after deposition of the rock and includes spaces created by 
leaching or natural fracturing. 
0004 One way to stimulate or improve production from 
low permeability rock formations containing oil or gas is to 
create or enlarge fractures within the formations by a process 
called hydraulic fracturing (“facing'). Fracing involves 
pumping hydraulic fluid (“frac fluid) at high pressures and 
rates into a well bore, and then into the formation through 
perforations formed in the well casing. Perforating a well 
casing to create openings through which hydrocarbons can 
flow into the well may induce some fracturing within in the 
formation immediately adjacent the perforation. Fracing 
extends fractures already present in the formation, and 
causes new fractures, resulting in a network of fractures that 
substantially increases the permeability of the formation 
near the well bore. 
0005. In a “sand frac a propping agent mixed with and 
carried by the frac fluid into fractures created and/or 
enlarged in the formation by the high pressure frac fluid. The 
sand fills the fractures and holds the rock formation faces 
apart after pumping of the frac fluid finishes, thereby prop 
ping open the fractures through which oil and gas flow more 
freely into the well bore. An “acid' frac typically does not 
require use of a propping agent, as the acid creates the 
fractures in the formation and etches or dissolves the frac 
ture faces unevenly, thereby forming dissimilar fracture 
faces that can only partially close leaving fractures through 
which oil or gas can flow more freely. 
0006 Common examples of proppants include silica 
sand, resin-coated sand, and ceramic beads (and possibly 
mixtures of them.) Because silica sand is the predominant 
proppant used for fracing, “sand has become petroleum 
industry jargon for any type of proppant or combination of 
proppants used in fracing. Therefore, the term "sand in the 
specification and claims refers to any type of propping agent, 
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or combinations of them, Suitable for holding open fractures 
formed within a formation by a fracing operation unless 
otherwise plainly stated. The term “frac fluid' will be used 
to refer to any type of hydraulic fluid used for fracing that 
may be used to form fractures and/or enlarge natural frac 
tures in the formation. Frac fluids may be water-based, 
oil-based, acid or acid-based, and or foam fluids. Additives 
can be used to control desired characteristics, such as 
viscosity. Furthermore, references to “frac fluid and sand” in 
the context of fracing are intended to also include frac fluid 
and acid unless the context states or plainly indicates oth 
erwise. 

0007 Because of differences in permeability of the rock 
at each of the perforations due to different porosities or 
existing fractures (both naturally occurring and caused by 
perforating the casing), the rate at which frac fluid flows 
through perforations distributed a long a well bore may, and 
almost always does, vary along the length of the well bore. 
When stimulating vertical wellbores over 60 years ago the 
petroleum industry frequently used a high number of per 
forations (up to 4 perforations per foot of casing) throughout 
most of the oil and gas pay Zones of a well bore. Such a large 
number of perforations resulted in the frac fluid and sand 
flowing first into more permeable rock. This resulted in 
fractures in the more permeable rock formations being 
packed with too much of the sand (or acid), which was 
intended to be distributed reasonably equal through the 
perforations. The less permeable formations were, conse 
quently, not being sufficiently fractured. Solid, hard rubber 
balls, referred to as “ball sealers,' were used to stimulate 
selectively the formation in vertical wellbores with an 
excessive number of perforations. After pumping a portion 
of the frac fluid with sand or acid, multiple ball sealers were 
pumped into the well and carried by the frac fluid to the 
perforation being stimulated. The balls temporarily sealed 
Some of the perforations—those adjacent to fractures formed 
in the more permeable rock—and diverted the frac fluid, 
with the sand or acid, away from the stimulated perforations 
to other perforations in the next most permeable Zone of rock 
that had not yet been stimulated. After pumping of frac fluid 
ceases, the ball sealers, no longer being held against the 
perforations by the differential pressure between the frac 
fluid within the well bore and the formation, fall off of the 
perforations to allow hydrocarbons from the fractured for 
mation to flow into the well. However, the need for the 
relatively large and heavy ball sealers in vertical wellbores 
was minimized when industry began to selectively perforate 
only the better permeable Zones (commonly referred to as 
“limited entry”). 
0008 For horizontal or highly deviated directional oil 
and gas wells, the conventional petroleum industry practice 
today is to frac lateral well bores in stages. The length of a 
lateral portion of a well may be 4,000 feet to 7,500 feet, or 
Substantially more, with cement typically sealing the Void 
space between the casing and the hole. As with vertical 
wells, perforations in the well casing are formed to inject the 
frac fluid and sand or acid into the formation to cause it to 
fracture. Often 15 to 30, and sometimes more, stages are 
employed to frac a lateral well bore extending 4,000 to 7,500 
feet or more. Each frac stage may have 4 to 8 clusters of 
perforations, with each cluster typically having 6 perfora 
tions. 

0009. The purpose of fracing in multiple stages is to 
distribute a generally equal amount of frac fluid and sand to 
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all perforations in a manner that achieves optimal stimula 
tion of each perforation along the entire length of the lateral 
portion of the well bore, thereby creating extensive cracking/ 
fracturing of the rock formation Surrounding the casing 
along its entire length. Each frac stage is isolated from the 
other stages and perforated and fraced separately. The petro 
leum industry experience of fracing a huge number of 
horizontal wells drilled to date appears to indicate that a 
large number of stages are required to ensure that a reason 
ably equal and sufficient volume of frac fluid and sand are 
pumped into each perforation. In the past few years, devel 
opments in hydraulic fracture technology indicate that Supe 
rior stimulation results are achieved by using larger Volumes 
of frac fluid and sand (15 million gallons and 15 million 
pounds of sand and more) pumped at extremely high rates 
(80 to 100 barrels per minute) and pressures (8,000-9,000 
psi and more). The velocity of the frac fluid through the 
wellbore may reach or exceed 90 feet per second. Therefore, 
the industry continues to use the high-cost, multiple frac 
stages in an effort to distribute generally equal amounts of 
frac fluid and sand to all perforations in the lateral casing. 
0010. The commercial value of drilling horizontal wells 
with longer laterals and multiple stages fraced with larger 
Volumes of frac fluid and sand pumped at high velocity and 
pressure has been established by achieving robust wells that 
have higher oil and gas producing rates and estimated 
ultimate recoveries of oil and gas. Effective frac stimulation 
of most or perhaps all of the perforations in a horizontal 
casing creates an extensive fracture system that opens and 
connects more reservoir rock to the wellbore. However, such 
frac jobs with a large number of stages are time consuming 
and expensive due to the repetitive plug, perforate and frac 
operation required to isolate and frac each individual stage. 
Completion costs typically represent about one-half of the 
total drilling and completion costs of a horizontal well. 
Although it is tempting to reduce costs by reducing the 
number of frac stages and increasing the number of perfo 
rations to be stimulated per stage, fewer stages with more 
perforations per stage risks partial or unequal stimulation of 
the perforations within the stages. Wells with ineffective 
stimulation have lower initial production rates and lower 
ultimate recovery of oil and gas. 

SUMMARY 

0011 Fracing with low profile diverters, such as those 
described below, to selectively seal perforations temporarily 
during fracing to help to distribute frac fluid and sand 
uniformly in horizontal, deviated, or vertical wells reduces 
the need for a large number of frac stages. Such low profile 
diverters are capable of seating on and temporarily sealing 
perforations, even when frac fluid is being pumped at high 
rates and pressures. The diverters are large enough in two 
dimensions to cover and temporarily seal perforations in 
well casing, but relative thin in a third dimension orthogonal 
to the first two, and thus present a low profile, to reduce drag 
when seated on a perforation. The diverters are constructed 
to withstand the pressure of frac fluid pumped at high 
pressures against the diverter while it continues to tempo 
rarily seal a perforation. In comparison, conventional ball 
sealers are relatively larger and heavier, and have a large 
cross-sectional area. At high flow rates and pressures, frac 
fluid and sand may be flowing through a perforated liner at 
more than 90 feet per second, making it less likely that ball 
sealers will seat and remain seated to seal a perforation. 
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0012 A process of fracing of a relatively long 4,000 to 
7,500 feet, or more wellbore using such diverters can be 
accomplished with a substantially reduced number of frac 
stages, and, in Some cases, no stages. 
0013. In one embodiment of such a method, a predeter 
mined amount of a frac fluid is pumped with sand or acid 
into a wellbore to cause fracturing of Subterranean rock 
formation adjacent to a plurality of perforations formed in 
the casing of the wellbore. Prior to finishing pumping the 
predetermined amount of frac fluid with sand or acid into the 
well bore, diverters are introduced into the frac fluid entering 
the wellbore. The number is sufficient to seat against a 
portion, but not all, of the plurality of perforations to 
obstruct and temporarily seal them, thereby causing frac 
fluid to flow toward the remaining ones of the plurality of 
perforations not being obstructed while the frac fluid con 
tinues to be pumped under pressure into the well bore. Each 
of the diverters has, when seated on one of the plurality of 
perforations, a first Surface facing the perforation opening 
and a second Surface facing generally in the direction of a 
center line of the well bore, the area of the first surface being 
greater than the area of the perforation opening. Each of the 
diverters, when seated, presents a cross-sectional area to the 
flow of frac fluid through the well bore during pumping that 
is substantially smaller than the first and the second surface 
areas. Using this method, diverters are carried by the frac 
fluid to the stimulated perforations at which point they will 
temporarily seal off the stimulated perforations forcing the 
frac fluid and sand to enter the non-stimulated perforations 
in the next most permeable Zone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 is a simplified, schematic illustration of a 
well site with a well bore within a formation undergoing 
hydraulic fracturing. 
0015 FIG. 2A is representation of a prior art ball sealer. 
0016 FIG. 2B is a representation of a first embodiment of 
a low profile diverter in cross-section. 
0017 FIG. 2C is a representation of a second embodi 
ment of a low profile diverter in cross-section. 
0018 FIG. 2D is a representation of a third embodiment 
of a low profile diverter in cross-section. 
0019 FIG. 2E is a representation of a fourth embodiment 
of a low profile diverter in cross-section. 
0020 FIG. 2F is a representation of a fifth embodiment of 
a low profile diverter in cross-section. 
0021 FIG.3 represents a short section of a representative 
non-perforated cased horizontal wellbore upstream of the 
perforated representative wellbore shown in FIG. 4. 
0022 FIG. 4 illustrates the small section of a represen 
tative wellbore downstream of the representative wellbore 
shown in FIG. 3, with perforations formed therein and frac 
fluid flowing through the wellbore and perforations into the 
adjacent formation to cause fracturing. 
0023 FIG. 5 illustrates the small section of a represen 
tative wellbore of FIG. 4, with the introduction of low profile 
diverters into the flow of frac fluid within the wellbore, 
before they seal perforations temporarily. 
0024 FIG. 6 illustrates the small section of a represen 
tative wellbore of FIG. 5, with the diverters previously 
introduced into the flow of frac fluid sealing perforations 
adjacent to stimulated formations. 
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DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0025. The following description, in conjunction with the 
appended drawings describe one or more representative 
examples of embodiments in which the invention claimed 
below may be put into practice. Unless otherwise indicated, 
they are intended to be non-limiting examples for illustrating 
the principles and concepts of subject matter that is claimed. 
Like numbers refer to like elements in the drawings and the 
description. 
0026 FIG. 1 is a schematic illustration of a representative 
example of a wellbore undergoing fracing. It is not to scale. 
In this implementation the well site 100 has a well head 102 
disposed at a top of a wellbore. The well head 102 is be 
coupled to a source of frac fluid 104. The source may be 
comprised of one or more tanks, reservoirs, or other storage 
structures for fluid and sand or acid. The well head 102 may 
include, or have coupled with it, various equipment and 
sensors, such as a Surface pressure sensor 103. The Surface 
pressure sensor 103 may be arranged to measure fluid 
pressure in the wellbore at the wellhead 102. Frac fluid 
stored in the fracing fluid storage 104 may be mixed with a 
sand or acid. Alternatively, sand or acid is introduced to the 
fluid at or upstream of the wellhead 102. In some imple 
mentations, for example when the target Subterranean for 
mation is a carbonate formation, the frac fluid may contain 
acid, in which case proppants may be unnecessary as the 
acid eats away the formation so that it cannot close. The well 
head 102 controls the injection of frac fluid into a wellbore 
106. The wellbore may be horizontal, deviated, or vertical. 
In the example of FIG. 1, wellbore 106 extends horizontally 
into a target subterranean formation 110. The wellbore 106 
is cased using a steel pipe 108 that is cemented in place. 
However, in Some applications, the casing may not be 
cemented. Also, a casing liner may be used for the lateral 
section of the wellbore. The invention is not limited to any 
particular casing method. 
0027 Perforations 112 are formed through the well cas 
ing 108 to expose the Surrounding Subterranean formation 
110 to the interior of wellbore 106, thereby allowing pres 
surized frac fluid with sand or acid to be injected through the 
perforations into the subterranean formation. The well cas 
ing may be perforated using any known method that pro 
duces perforations of a relatively consistent and predictable 
size. For example, perforations 112 may be formed by 
lowering shaped blasting charges into the well to a known 
depth, thereby creating clusters of perforations at desired 
points along the wellbore 106. In a typical application, 
perforations will, for example, be 0.4 to 0.5 inches in 
diameter, but in other applications they may have Smaller or 
larger diameters. 
0028. During fracing operations, frac fluid will be 
pumped through the well head 102 and into the wellbore 
106. The fluid will flow toward the perforations 112, as 
indicated by flow lines 114, and then out of the perforations 
112 and into formation 110 to create new or enlarged 
fractures 116 within the formation. In this demonstrative, 
schematic illustration of FIG. 1, fractures 116 of the forma 
tion is indicated next to only some of the perforations, but 
not all. The fractures in this example are occurring in a 
portion or area of the formation into which more frac fluid 
is flowing due to, for example, higher permeability than the 
formation adjacent to the remaining perforations, which are 
indicated in the figure as having no new or enlarged frac 
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turing, though in practice, new fractures or enlargement of 
existing fractures may in fact be taking place to a smaller 
degree. 
0029. In some implementations, a downhole pressure 
sensor (or pressure sensor array) 120 may be placed lowered 
into the horizontal portion of wellbore 106 near the perfo 
rations 112 to measure the pressure of the frac fluid close to 
perforations 112. 
0030 Although, in this example, the wellbore is not 
divided into multiple frac stages, the wellbore within the 
formation to be fraced can be divided into frac stages, with 
each stage separately isolated and fraced. The diverters and 
fracing method described below can be used with multiple 
stage fracing. However, the diverters allow for a reduction in 
the number of stages that is otherwise required to achieve 
similar results. They can also be used to frac without stages 
the entire wellbore within the Zones of the formation 
expected to produce oil or gas. 
0031 FIG. 2A illustrates, for purposes of comparison, a 
conventional, solid ball sealer 200 of the type found in the 
prior art. It has uniform diameter. Its width “W' is equal to 
its height “T,” which is equal to its diameter. The diverters 
202, 204, 206, 208 and 210 of FIGS. 2B-2F illustrate 
different cross-sectional shapes of a new type of diverter that 
is relatively thin and lightweight (as compared to ball 
sealers) and strong. The low profile diverters are sized to 
extend over and temporarily seal stimulated perforations, 
thereby diverting the flow of the fracing fluids and proppants 
to non-stimulated perforations. Each such low profile 
diverter has, in a preferred embodiment, an impermeable 
body with dimensions measured along each of two axes (the 
X and Z axes in the coordinate frame illustrated in the figures) 
large enough to cover and temporarily seal a perforation in 
a well casing of a size that is typically made or that might 
be made for the particular application. In these examples 
each has the same width W, which is the diameter of ball 
sealer 200 (FIG. 2A). But, unlike a ball sealer, each has a 
dimension along an axis orthogonal to the other two axes 
(the y-axis) that is a Substantially Smaller than dimensions of 
the diverter along the first two axes, resulting in a relatively 
thin cross-section (or profile) that reduces drag caused by 
fluid flowing past the diverter while it seals a perforation. 
Due to the reduced drag such a diverter is more capable of 
seating onto perforations and sealing them off without being 
unseated by continued fluid flow over or past the diverters. 
The shape of the outer circumference of diverters in a plan 
view, which would be along the y-axis, or the cross-sectional 
shape of the diverters when sectioned normal to the y-axis, 
is circular in the examples given. However, other shapes 
could be used as long as the shortest dimension of the 
diverter in the X and Z dimensions is large enough to cover 
and temporarily seal the expected perforations. Non-limiting 
examples of Such shapes are oval, squarer, and polygonal 
shapes. Other shapes are possible. 
0032. When introduced into a flow of frac fluid into a 
wellbore during fracing, each diverter 202 to 210 is intended 
to temporarily seal one perforation after it has been stimu 
lated with frac fluid and sand or acid. Though the specific 
cross-sectional areas for these diverters will vary based on 
different design and manufacturing considerations, the illus 
trated cross-sections of diverters 202 to 210 have much 
lower cross-sectional areas preferably, 75 to 95 percent 
less than the ball sealer 200 (or a comparable ball sealer 
capable of sealing similarly sized perforations.) They are, 
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therefore, subject to substantially less drag force exerted by 
fast moving frac fluid than a traditional ball sealer. This large 
reduction in drag force allows the diverters to seat on and 
form a temporary seal of the stimulated perforations more 
easily and reliably. The relatively small cross-sectional area 
of such diverters thus minimizes the risk that the high 
velocity frac fluid flowing through the perforated liner could 
cause (1) failure of some diverters to seat on and seal 
stimulated perforations, or (2) diverters to be unseated from 
the stimulated perforations before completion of the frac job. 
The temporary seal is broken, and the diverters unseat, when 
the frac fluid pressure drops and the pressure differential 
across the diverter drops to the point that there is insufficient 
pressure to hold them against the perforations, thus allowing 
hydrocarbons to flow into the well from the formation. 
0033 Turning now to the specific examples of low profile 
diverters shown in FIGS. 2B-2F, the diverters are positioned 
to show their minimum cross-sectional width W along the X 
axis of the coordinate frame adjacent to each of the figures. 
As previously mentioned, each is shown with the same 
width as ball sealer 200 for purposes of comparison. 
Diverter 202 of FIG. 2B is shaped generally as a discus 
having an overall or greatest thickness T (measured along 
the y axis). The greatest thickness of the diverter 202 is in 
the center, and the thickness tapers towards side edges of the 
diverter. In comparison to the ball sealer 200, the discus 
shaped diverter 202 has the same minimum width W, but a 
considerably smaller thickness T. The cross-sectional area 
of diverter 202 is much less than the cross-sectional area of 
the ball sealer 200, and has a resistance to the flow of frac 
fluid estimated to be 25% of the resistance of the ball sealer 
200. Accordingly, the discus shaped diverter 202 is capable 
of sealing a perforation, while having a much smaller 
cross-sectional area, and therefore a greatly decreased resis 
tance to flowing frac fluid. 
0034) Diverter 204 of FIG. 2C is shaped as an erythro 
cyte, which has its greatest thickness T along its outer 
perimeter or edge, but has center region with having a 
smaller thickness T. The resistance to frac fluid flow of the 
erythrocyte-shaped diverter 204 is estimated to be about 
20% of the resistance of the ball sealer 200. 

0035 Diverter 206 of FIG. 2D is shaped like a saucer, 
having a convex bottom surface 214 with a first radius and 
a concave top surface 212 with a second radius different than 
the first radius. In this embodiment, the radius of the concave 
top surface 212 is greater than the radius of the convex side 
214 So that the sides converge and intersect at outer edge 216 
of the diverter. The diverter 206 has an overall thickness T. 
measured vertically from a lowest point of the convex 
bottom surface 214 to edge 216. Depending on the thickness 
Ts (the actual thickness of which may depend on the 
materials and expected pressures), is estimated to have 
approximately 10% of the resistance of fluid as that of the 
ball sealer 200. 

0036) Diverter 208 of FIG. 2E is shaped as a disk, with 
a generally consistent thickness T across its width W. In 
example shown, its resistance to the flow of frac fluid is 
estimated to be about 8% of that of the ball sealer 200. If the 
thickness is decreased to T-7, as shown by the example 
diverter 210 in FIG. 2F, it's estimated resistance to the flow 
of frac fluid drops to about 5% of that of the ball sealer 200. 
0037. The actual cross-sectional area of these diverters 
202, 204, 206, 208, and 210 may vary from each other, even 
if intended to seal the same sized perforations. The exem 
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plary diverters of FIG. 2B-2F have flat to curved surfaces to 
facilitate forming a temporary seal of the perforations. 
Furthermore, a diverter is constructed to be strong enough to 
seal the perforation without failing under the differential 
pressure across the diverter (the pressure acting against the 
surface of the diverter facing the inside of the casing less the 
pressure acting against the Surface of the diverter facing the 
perforation) to which it is expected to be subject when seated 
on a perforation. The differential pressure will be the dif 
ference between the pressure of the frac fluid on the diverter 
inside the casing, acting against the diverter when sealing a 
perforation, which is a function of the pumping pressure on 
the frac fluid and the hydrostatic pressure of the frac fluid 
within the casing, and any fluid pressure outside the casing. 
In one embodiment, each of the diverters 202 to 210 is 
capable of withstanding at least 5000 psi of differential 
pressure without failing. In another embodiment, each 
diverter can withstand a differential pressure of at least 7500 
psi without failing. In yet another embodiment, each diverter 
can withstand a differential pressure of at least 10,000 psi 
without failing. Furthermore, a diverter may, optionally, 
have a flexible and durable Surface or coating to enhance 
sealing of the perforations. The diverters 202 to 210 may be 
partly or entirely constructed out of material or materials 
that allows them to be flexible, further enhancing their 
ability to form a seal over perforations 112. In some embodi 
ments, diverters 202 to 210 may be constructed out of a 
composite material, which can be stronger and lighter than 
steel. 

0038. The shapes of diverters 202 to 210, particularly 
diverters 202, 204 and 206, allow them to be hollow to 
increase their displacement without increasing their weight. 
Therefore, the diverters may have a weight that is heavier, 
lighter or equal to the weight of its displacement of frac 
fluid. The embodiments of diverters 202, 204 and 206 are 
shown in figures as being hollow. However, in alternative 
embodiments, these diverters could be made solid. The disk 
and wafer shaped diverters will be strong and lightweight 
without necessarily being hollow. 
0039 Referring briefly back to FIG. 1, frac fluid is shown 
being pumped downhole from the well head 102 and into the 
wellbore 106, as indicated by the arrows with the wellbore. 
At this point, pumping has continued long enough to begin 
to fracture parts of the formation 110. The frac fluid is shown 
flowing into perforations 112 associated with relatively 
larger fractures 116, indicating that those parts of the for 
mation have been stimulated. The large fractures are in 
Zones or areas of the formation with relatively high perme 
ability. The less developed fracture 118 is intended to 
illustrate an area of less permeability that has not yet 
completed fracturing. The other perforations have little to no 
fracturing of the formation next to them. Those areas of the 
formation have lower permeability and are not receiving 
enough frac fluid to start to fracture because it is flowing 
mostly into the parts of the formation with higher perme 
ability. 
0040. Once some of the most permeable areas of the 
formation are approaching full stimulation, a predetermined 
number of thin or low profile diverters such as of FIGS. 
2B-2F, are introduced at or near the well head into the flow 
of frac fluid entering the well bore, without stopping pump 
ing of frac fluid and sand. These diverters are intended to 
temporarily seal only those perforations next to areas within 
the formation that have been fully stimulated those, for 
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example, next to fractures 116—and thus divert frac fluid 
and sand to less fractured or yet-to-be fractured areas of the 
formation. 

0041 Referring now to FIGS. 3 to 6, FIG. 3 illustrates a 
small section 300 of a horizontal wellbore casing upstream 
of the section 300 of casing with perforations (see FIG. 4), 
with flow arrows 302 indicating the direction of fluid flow 
downhole. The flow arrows 302 indicate how fluid flows in 
unperforated casing before reaching the perforated casing 
300 shown in FIG. 4. FIG. 4 shows multiple perforations 
402, after frac fluid has begun to be pumped under high 
pressures and at high flow rates downhole and through the 
wellbore. The flow of frac fluid is indicated by flow lines 
404. All of the perforations are not sealed and therefore 
open. The pressurized frac fluid flows into the perforations 
adjacent to the areas or Zones of the Subterranean formation 
406 where it is most permeable, as shown by directional 
lines 404. In the figure the perforations are adjacent to rock 
having, essentially, the same amount of permeability. Thus, 
in this example, it is shown flowing into all of the perfora 
tions. Although not shown, frac fluid, and thus also sand or 
acid, is not flowing, or flowing at lower rates, into perfora 
tions elsewhere within the segment of the wellbore that is 
being fraced (a segment corresponds to one frac stage or 
length of well bore undergoing a fracing operation) that are 
adjacent to less permeable parts of the formation. Thus, 
fractures 406 are being fractured first. Once the formation 
adjacent to perforations 402 are fully stimulated, meaning 
the frac fluid has fractured the subterranean formation 406 
and the fractures 408 are packed with sand to hold them 
open, a predetermined number of low profile diverters, such 
as those shown in FIGS. 2B-2F, are pumped into the flowing 
frac fluid stream to seat and temporarily seal perforations 
402 and thereby the frac fluid is redirected or diverted to the 
perforations within the wellbore adjacent to less permeable 
areas of formation to create fractures 118. 

0042. In FIG. 5 the low profile diverters 500, which in 
this example are saucer shaped but can be any of any low 
profile shape capable of sealing against the perforations, are 
shown entrained in the flow of frac fluid and being moved 
toward perforations 402 by the flow of the frac fluid and 
sand into the perforations. In FIG. 6, the low profile diverters 
are shown seated on the openings of the perforations, 
engaging the edges of the perforations and thus temporarily 
sealing the perforations against Substantial frac fluid flow. (A 
Small amount of leakage may occur even when sealed.) The 
high pressure of the frac fluid within the well bore pushes 
against the seated diverters with sufficient force to keep them 
in place while the frac fluid flows past them, as indicated by 
the frac fluid flow lines 404 in the figure. Because of the low 
profile of the diverters, the frac fluid moving at a high rate 
within the wellbore is less likely to dislodge the low profile 
diverters as compared to conventional ball sealers. 
0043. Each diverter should temporarily seal one perfora 

tion, and only a perforation that has likely been stimulated 
with frac fluid and sand or acid, assuming that the diverter 
is introduced into the frac fluid flow at the right time. The 
number of diverters that are introduced into the flow of frac 
fluid is less than the number of perforations being stimu 
lated. The pumping of the frac fluid continues and, after a 
period of time, an additional selected number of additional 
diverters can be introduced into the flowing frac fluid stream 
to temporarily seal Some, but not all, of the remaining 
perforations. This process of continuing to pump frac fluid 
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for some period of time before introducing a selected 
number of additional diverters is repeated as many times as 
necessary to selectively frac progressively less permeable 
parts of the formation until all of the volume of frac fluid 
with sand and the number of diverters designed and pur 
chased for the job have been essentially depleted by pump 
ing indicating that the stimulation of all perforations have 
been reasonably completely. 
0044) Use of low profile diverters as described above 
allows for the number of frac stages to be reduced, and 
possibly eliminate of the need for frac stages, even for wells 
with relatively long wellbores, even for long laterals that 
require fracturing at very high rates and pressures, as com 
pared to current methods that do not make use of low profile 
diverters. 

0045. The following is an example. In this example, a 
7,500 foot horizontal lateral well may have 30 stages of 
fracture stimulation with each stage being individually per 
forated with 36 perforations (total of 1,080 perforations for 
30 stages), and then fraced with a “batch of frac fluid and 
sand to stimulate the 36 perforations. Continuing with this 
example, rather than individually perforating and fracing 
each of the 30 stages, the method described herein could 
achieve relatively even distribution of frac fluid and sand 
along the later well using, in this example, 4 stages of frac 
stimulation, with 270 perforations per stage. (perforating 
approximately /4 of the lateral casing length beginning at or 
near the end of the casing). Therefore, continuing with this 
example, the number of frac stages required would be 
reduced from 30 to 4 stages. Stage 1 begins with perforating 
the lateral casing with 270 perforations followed by con 
tinual pumping of frac fluid and sand for the duration of 
Stage 1. After pumping the predetermined Volume of frac 
fluid and sand, 10 to 20 (or more or fewer) diverters are 
injected into the flow of frac fluid and sand to be carried in 
the fluid stream to seat and temporarily seal those perfora 
tions in the most permeable Zones in the formation 110 that 
have been stimulated with frac fluid and sand. Once the 
diverters seat on and temporarily seal the stimulated perfo 
rations, the flowing frac fluid with sand is redirected or 
diverted to non-stimulated perforations in the wellbore adja 
cent to the next most permeable Zones in the formation to 
create new fractures and expand natural fractures in the rock 
which are packed with sand to prevent closure of the 
fractures. Such Stage 1 procedure is repeated with the 
selective stimulation of perforations in the progressively 
next most permeable Zones and seating on and temporarily 
sealing these perforations with diverters until all 270 Stage 
1 perforations have been fully stimulated. At this time, a 
drillable ball or plug is pumped into the frac fluid stream to 
terminate the Stage 1 frac job. The first stage is thereby 
sealed it off from the subsequent Stage 2 frac job. Such balls 
are commonly used in multistage frac jobs for horizontal 
wells with long laterals. The first ball pumped at the end of 
Stage 1 has the Smallest outside diameter with Subsequent 
balls to end frac Stages 2 and 3 (no ball is needed to end frac 
Stage 4) having progressively larger outside diameters. The 
balls are sized to seat and seal in the receptacle in a special 
collar located in the casing immediately upstream of the 
Stage 1 perforations. Note that the use of ball drops to isolate 
a stage that has been fracked in this manner is just one 
example of a method for isolating stages. Other methods to 
isolate a stage could be used. The method is not limited to 
any particular method. The final pumping of the Stage 1 frac 
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job continues until the first ball seats and seals off the Stage 
1 perforations. The low profile diverters and method of using 
them should provide a more effective and efficient method to 
achieve reasonably equal distribution of sand in all perfo 
rations and, thereby, Substantially reduce the cost to com 
plete a well, particularly horizontal and highly deviated 
wells. 

0046. In the event two or more stages are required to 
achieve effective stimulation with reasonably equal distri 
bution of frac fluid and sand throughout the entire lateral 
length of the casing, each Subsequent stage would be sepa 
rated from the stimulated stages. One example of how this 
is currently done is with a conventional drillable ball or plug 
(known as the “plug and perforate' process). However, the 
processes described herein are not limited by the method use 
for separating or isolating stages. Such use of the diverters 
should enable several batches of frac fluid and sand to 
stimulate many more perforations per frac stage. Substan 
tially reducing and possibly eliminating the multiple frac 
stages currently required to stimulate a horizontal well will 
result in major reduction in the direct cost of a horizontal 
well. 

0047. The foregoing description is of exemplary and 
preferred embodiments. The invention, as defined by the 
appended claims, is not limited to the described embodi 
ments. Alterations and modifications to the disclosed 
embodiments may be made without departing from the 
invention. The meaning of the terms used in this specifica 
tion are, unless expressly stated otherwise, intended to have 
ordinary and customary meaning and are not intended to be 
limited to the details of the illustrated or described structures 
or embodiments. 

What is claimed is: 

1. A method of Stimulating production of hydrocarbons 
from a well having a casing through which has been formed 
a plurality of perforations, the method comprising: 

pumping into the wellbore under pressure a hydraulic 
fracture fluid containing proppant or an acid; 

after pumping a predetermined amount of the hydraulic 
fracture fluid containing proppant or acid into the well 
bore, introducing into the flow of hydraulic fracture 
fluid entering the well bore, without stopping pumping, 
a predetermined number of diverters for seating against 
a portion, but not all, of the plurality of perforations to 
obstruct and temporarily seal them, thereby diverting 
the hydraulic fracture fluid containing proppant or acid 
toward the remaining ones of the plurality of perfora 
tions not being obstructed; and 

continuing to pump the hydraulic fracture fluid containing 
proppant or acid under pressure into the well bore; 

wherein each of the diverters has, when seated on one of 
the plurality of perforations, a first Surface facing the 
perforation opening and a second Surface facing gen 
erally in the direction of a center line of the well bore, 
the area of the first Surface being greater than the area 
of the perforation opening, and wherein each of the 
diverters, when seated, presents a cross-sectional area 
to the flow of hydraulic fracture fluid containing prop 
pant or acid through the well bore during pumping that 
is substantially smaller than the first and the second 
Surface areas. 
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2. The method of claim 1, the pumping of hydraulic 
fracture fluid containing proppant or acid continues without 
interruption when introducing the diverters into the flow of 
hydraulic fracture fluid. 

3. The method of claim 1, wherein, when one of the 
plurality of diverters is seated on one of the plurality of 
perforations, it is held in place by pressure of the hydraulic 
fracture fluid within the well bore acting against the second 
surface of the diverter. 

4. The method of claim 1, wherein the permeability of the 
Subterranean formation adjacent to each of the plurality of 
stimulated perforations that are being at least partially 
obstructed and temporarily sealed by the predetermined 
number of diverters is greater than the permeability of the 
Subterranean formation adjacent to each of the remaining 
ones of the plurality of perforations that are not being 
obstructed by a diverter. 

5. The method of claim 1, wherein each of the plurality of 
diverters has a shape Substantially similar to the shape of an 
object chosen from a group consisting essentially of a 
discus, erythrocyte, saucer, disk, and wafer. 

6. The method of claim 1, wherein each of the plurality of 
diverters is hollow. 

7. The method of claim 1, wherein each of the plurality of 
diverters is capable of withstanding a differential pressure of 
at least 5,000 pounds per square inch without failing. 

8. The method of claim 1, wherein each of the plurality of 
diverters is capable of withstanding a differential pressure of 
at least 7500 pounds per square inch without failing. 

9. The method of claim 1, wherein each of the plurality of 
diverters is capable of withstanding a differential pressure of 
at least 10,000 pounds per square inch. 

10. The method of claim 1, wherein each of the plurality 
of diverters, when seated on one of the plurality of perfo 
rations, presents a cross-sectional area to the flow of hydrau 
lic fracture fluid through the well bore during pumping that 
is 25% or less than the cross-sectional area presented by a 
ball-shaped diverter seated on the one of the plurality of 
perforations. 

11. The method of claim 1 wherein the permeability of the 
subterranean formation adjacent to those of the plurality of 
perforations being obstructed and temporarily sealed by the 
diverters is greater than the permeability of the remaining 
ones of the plurality of perforations not being obstructed and 
temporarily sealed by the diverters. 

12. A method of stimulating production of hydrocarbons 
from a well bore having a casing, the method comprising: 

establishing within the well bore a plurality of frac stages 
isolatable from each other; and 

for each of the plurality of frac stages, 
forming a plurality of perforations in the casing along 

a first section of the well bore; 
pumping into the wellbore under pressure the prede 

termined amount of a hydraulic fracture fluid con 
taining proppant or acid; and 

after a predetermined amount of hydraulic fracture fluid 
containing proppant or acid has been pumped into 
the well bore, introducing into the flow of hydraulic 
fracture fluid containing proppant or acid entering 
the well bore, without stopping pumping, a batch of 
diverters, the batch of diverters containing fewer 
diverters than the number of perforations in the 
plurality of perforations for seating against a portion, 
but not all, of the plurality of perforations to tem 
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porarily obstruct and seal them at least partially, 
thereby diverting the hydraulic fracture fluid con 
taining proppant or acid toward the remaining ones 
of the plurality of perforations not being obstructed 
for fracturing the Subterranean formation adjacent to 
them; and 

continuing to pump the hydraulic fracture fluid con 
taining proppant or acid under pressure into the well 
bore; 

wherein each of the plurality of diverters has, when seated 
on one of the plurality of perforations, a first surface 
facing the perforation opening and a second Surface 
facing generally in the direction of a center line of the 
well bore, the area of the first surface being greater than 
the area of the perforation opening, and wherein each 
of the diverters, when seated, presents a cross-sectional 
area to hydraulic fracture fluid flowing through the well 
bore during pumping that is Substantially smaller than 
the first and the second Surface areas. 

13. The method of claim 12, wherein each of the plurality 
of diverters has a shape substantially similar to the shape of 
an object chosen from a group consisting essentially of a 
discus, erythrocyte, saucer, disk, and wafer. 

14. The method of claim 12, wherein each of the plurality 
of diverters is hollow. 

15. The method of claim 12, wherein each of the plurality 
of diverters is capable of withstanding a differential pressure 
of at least 5,000 pounds per square inch. 

16. The method of claim 12, wherein each of the plurality 
of diverters, when seated on one of the plurality of perfo 
rations, presents a cross-sectional area to the flow of hydrau 
lic fracture fluid through the well bore during pumping that 
is 25% or less than the cross-sectional area presented by a 
ball-shaped diverter seated on the one of the plurality of 
perforations. 

17. The method of claim 12 wherein the permeability of 
the subterranean formation adjacent to those of the plurality 
of perforations being obstructed and temporarily sealed by 
the diverters is greater than the permeability of the remain 
ing ones of the plurality of perforations not being obstructed 
and temporarily sealed by the diverters. 

18. A diverter for obstructing and temporarily sealing at 
least a portion of a perforation of a predetermined size or 
Smaller in casing of a well bore in a Subterranean formation 
during hydraulic fracturing, the diverter comprising an 
impermeable body having a cross-sectional maximum thick 
ness that is substantially smaller than its maximum width or 
maximum length, the thickness being measured along a first 
axis, the length along a second axis and the width along a 
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third axis, the first, second and third axes being mutually 
orthogonal; wherein the maximum width and length are 
sufficient for the diverter to obstruct and temporarily seal the 
perforation; and wherein the maximum thickness is Sufi 
ciently small to avoid the diverter, when seated on a perfo 
ration, from being removed from the perforation by hydrau 
lic fracture fluid flowing past the diverter to other 
perforations in the casing not sealed with a diverter when the 
hydraulic fracture fluid is flowing into the well bore at or 
below a predetermined maximum rate. 

19. The diverter of claim 18, wherein the impermeable 
body is shaped as a discus, a saucer, a disk, a wafer, or an 
erythrocyte. 

20. The diverter of claim 18, wherein the diverter is 
capable of withstanding a differential pressure of at least 
5,000 pounds per square inch. 

21. A non-spherical diverter for obstructing and tempo 
rarily sealing a perforation in a well casing in a Subterranean 
formation during hydraulic fracturing, the diverter compris 
ing an impermeable body that, when seated on a perforation, 
has a first Surface generally facing the perforation opening 
and a second Surface facing generally in the opposite direc 
tion, toward a center line of the well, the area of the second 
Surface being greater than the area of the perforation open 
ing; wherein the body, when seated on a perforation, pres 
ents a cross-sectional area to a flow of hydraulic fracture 
fluid through the well that is substantially smaller than the 
first and the second Surface areas. 

22. The diverter of claim 21 wherein the cross-sectional 
area presented to a flow of hydraulic fracture by the diverter 
when it is seated on a perforation does not exceed 25% of 
that presented by a spherically shaped diverter having a 
diameter of not less than the maximum width and the 
maximum length when seated on the perforation. 

23. The diverter of claim 21, wherein the diverter has a 
shape Substantially similar to the shape of an object chosen 
from a group consisting essentially of a discus, erythrocyte, 
saucer, disk, and wafer. 

24. The diverter of claim 21, wherein the body of the 
diverter is relatively rigid and does not fail when subject to 
a differential pressure of at least 5,000 psi. 

25. The diverter of claim 21, wherein the body has coating 
on its surface that is flexible to enhance sealing of the 
perforations. 

26. The diverter of claim 21, wherein the second surface 
of the body is flat. 

27. The diverter of claim 18, wherein the second surface 
of the body is curved. 
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