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This invention relates to hydraulic fracturing of forma 
tions penetrated by wells. More particularly, it relates 
to - increasing the flow capacities of fractures in such 
formations. This application is a continuation-in-part of 
our copending U.S. patent application Serial Number 
708,068, filed on January 10, 1958, now abandoned. 

In U.S. Reissue Patent 23,733, Farris, it is suggested 
that hydraulically formed fractures in formations such 
as oil-bearing formations be propped open by use of 
spacer materials such as sand. in practical use of the 
fracturing process described in the Farris patent, sand is 
almost always used for this purpose. Other materials, 
such as metal particles, produce much greater fracture 
flow capacities than the sand. This is thought to be 
because the metals are malleable, while sand is brittle. 
That is, when the overburden load is sufficient to exceed 
the elastic limit of the metals, the metal particles simply 
deform until sufficient area of contact develops between 
the particles and the formation to support the load. In 
the case of sand, however, when the elastic limit of the 
particle is exceeded, the material shatters rather than 
deforming non-elastically. Such crushing continues until 
enough small particles are produced to support the load. 

Fractures propped by crushed sand have low flow 
capacities for two reasons. First, the small particles 
cannot prop the faces of the fracture very far apart. 
Second, the small particles have a wide particle size 
distribution. The small particles bridge the pores between 
larger particles, thus greatly reducing the rate of flow 
through the crushed sand. 

In spite of the low flow capacities of fractures propped 
by sand, this is the material most widely used commer 
cially. The metals are not generally used. Apparently, 
three reasons explain this lack of use. First, most of the 
metals have high densities. It is sometimes difficult to 
transport a material as light as sand in the liquids used in 
fracturing. It is even more difficuit to support the heavy 
metals. Second, most of the metals are susceptible to 
rapid corrosion by brines present in oil-bearing forma 
tions. Relatively corrosion-resistant alloys, such as stain 
less steels, may, of course, be selected, but these are 
subject not only to the objection of high density but par 
ticularly to the third objection. This third reason for not 
using metals is that metal shot, when available at all in 
the size ranges desired, is very expensive. Due to the 
high density of the metal, this is particularly true if the 
propping agent requirements are determined on a volume 
basis. Corrosion-resistant alloy shot is, of course, even 
more expensive. Those skilled in this art apparently 
prefer to use the inert, low-density and inexpensive sand 
rather than the metals in spite of the tendency of the 
brittle sand to crush. 
An object of this invention is to provide a fracturing 

composition containing low-density, inert propping agents, 
said composition being capable of effecting formation 
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gradually applied. 

2 
fractures having high flow capacities. Another object of 
the invention is to provide a method for effecting forma 
tion fractures having high flow capacities. A more 
specific object is to provide a new low-density, inert 
propping agent which can be deposited in formation 
fractures to increase the flow capacities of such fractures 
to values greater than those now produced by propping 
agents such as quartz sand. 
We have discovered that fractures having very high 

flow capacities can be formed by using as a propping 
agent balls of a certain glass within a particular size 
range and having at least a specific minimum strength. 
Although quartz is stronger and harder than most ordi 

nary glass, a glass bead will usually support a greater 
load without crushing than a quartz sand grain of the 
same size. This is because the surface of the glass bead 
is substantially free from flaws, while the quartz sand 
grain has many scratches, cracks, crevices, cleavage 
planes, and specks of impurities, all of which are points 
of weakness. Thus, quartz sand grains will almost always 
crush before glass beads of the same size when a load is 

If the load is such that the sand 
grains crush while the glass beads do not, the fracture 
propped by the glass beads has a much greater flow 
capacity than the fracture propped by the quartz sand. 

If the load is such that both the sand grains and 
glass beads are crushed, the comparison is between 
crushed glass and crushed sand. Here, the stronger and 
harder nature of the quartz becomes important. The 
quartz is not crushed to as great a degree as the glass. 
Therefore, the quartz propping particles are larger, prop 
ping the fracture open farther, and providing larger open 
ings between the particles than in the case of crushed 
glass. This seems to explain the erratic results noted 
when ordinary solid glass beads are used as fracture props 
or spacers. It also explains the apparent anomaly that 
the glass beads, which are individually stronger than 
most individual quartz sand grains, frequently provide 
propped fractures having slightly lower flow capacities 
than when sand is used as a propping agent. 

If slightly stronger glass beads are used, greater loads 
can be imposed before failure occurs. Unfortunately, 
however, it is never possible to predict exactly what load 
a bead will be called upon to support. Therefore, it is 
generally not possible to say whether a bead of a known 
strength will crush or not so long as it is only slightly 
stronger than an ordinary glass bead or sand grain. Thus, 
as pointed out above, if the beads crush, use of the 
stronger beads may result in a flow capacity of the frac 
ture less than if sand had been used. 

Several attempts have been made to explain the erratic 
behavior of Solid glass balls or beads. Additional data 
and information, however, have always shown the ex 
planations to be incomplete or in error, or both. There 
fore, it has not been possible to take advantage commer 
cially of the very high flow capacities which are sometimes 
provided by the use of glass balls as fracture props. 
In all the work with glass beads, there seems to have 
been only one type of glass balls which has always pro 
duced consistently good results even when used in low 
concentrations in contact with very hard formations and 
under high overburden loads. This type of glass beads is 
the one used in tests 21 to 28 reported in the following 
table. 
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Conc. Over 
Propping Particle Prop. burden Av. Frac. 

Test, No, Propping Agent Agent Size, Strength, Agent, Depth, Capacity, Type Rock Remarks 
U.S. Sieve Lb.IPart. Lo. 116 Feet Md-Ft. 

Sq. ft. 

-6 --18 15-50 3 4,500 Sandgrains broke. 
-20 -30 15-50- 2 4,500 Do. 
-6 --18 15-50. 3 6,000 Do. 
-16 -20 5-50- 2 6,000 Oo. 
-20 --40 15-50-------- 2 6,000 D0. 
-10--12 15-50-------- 5 7,000 Do. 
-16 --18 15-50.------- 3 7,000 Do. 
-20 --30 15-50- 3 7,000 Do. 
- O --12 % 7,000 Do. 0 2 6,000 Beads failed. 

10 3 6,000 Beads failed in 3 tests. 
10 4. 6,000 Beads did not fail. . 

-20 -25 2 6,000 Beads failed. 
-20 --25 3. 6,000 D0. 
-14 -16 100-50. 1. 5,900 SE heads imbedded, 30% 3.130. 

-14 --16 100-150------ 3 5,900 23,000 Tensleep---------- Lalized breakage-28 day 
8S . 

00-150------ 2 6,000 13, 200 Hard Sandstone--- Little breakage in 1 test. 
100-50------ 2 6,000 Beads crushed in 4 tests. “ 
100-150------ 2 7,000 Some bead breakage. - 

5%. 10,500 - Short test, - 2 5,800 Very few beads failed. 
B8: - O. : : 

2 8,200 Do. - 
2 8,900 Po. -- 
3 8,950 D0.1 
2 10,200 D6. 2 10, 200 ... Few beads failed-24 hour 

- test. 

Reference is made above to solid glass balls or beads. 30 highest concentration of 14 to 16 mesh balls which could 
In general herein the terms balls and beads are used 
interchangeably. In some arts the term beads indicates 
balls with holes through them. As used herein, how 
ever, the meaning is used in the usual sense in the glass art 
where solid glass balls without holes are sold under the 
name beads for use in reflective paints and the like. 

In the tests reported in the table, a 20-ton capacity hy 
draulic ram was assembled so that pressure could be ap 
plied to short cylindrical core sections. Some of the cores 
were from the Tensleep formation and some were from a 
hard sandstone formation thought to be the Tensleep. 
These were obtained from wells cored through the forma 
tions in Wyoming. Other cores were from the Cardium 
formation and were obtained from wells cored through 
this formation in the Pembina Field of Canada. The 
cores were sawed to expose smooth circular surfaces 3% 
inches in diameter. The propping material under test 
was uniformly distributed in the concentrations shown in 
the table over the surface between two of these core sec 
tions, the assembly mounted in the hydraulic ram, and the 
desired pressure applied. A hydraulic pump connected 
to the 20-tonram automatically maintained pressure on 
the system. 
The effective overburden pressure on the propping ma 

terials, as reported in the table, was calculated from the 
applied ram pressure. The equivalent well depth was de 
termined from the effective overburden pressure previ 
ously derived from field data. The fracture capacity was 
calculated from data obtained by flowing nitrogen under 
a measured differential pressure through the fracture 
from a central hole drilled in the upper half of each core 
assembly. - 
The concentration of propping agent has been reported 

in the table as the number of pounds of propping material 
per 16 square feet of fracture. This rather arbitrary fig 
ure was chosen on the assumption that the average frac 
ture has a clearance of about Ao inch. Such a fracture 
has a volume of 1 gallon if the area is 16 square feet. 
Thus, there is at least a rough correlation between the 
concentration figure given in the table and the concen 
tration in the fracturing fluid. Actually, however, there 
is little relationship between the concentration of prop 
ping agent in the fracturing fluid and that in the fracture 
itself. For purposes of comparison, the concentration of 
5/2 pounds per 16 square feet used in test 20 was the 
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be packed in a single layer between the cores. w 
The crushing strengths of each individual bead were de 

termined by placing a single bead between two tungsten 
carbide surfaces and slowly applying a load and observing 
the load at the time of failure of the bead. Other hard 
and strong materials can be used in place of tungsten car 
bide in this test. Malleable metals and alloys such as 
copper, brass, aluminum, and the like should be avoided 
as test surfaces since these surfaces become dented during 
the test, giving misleadingly high values for the crushing 
strengths of beads. 

in describing particle size and distribution of particle 
size, it is convenient to define the balis as being of a cer 
tain mesh range. For example, if balls are said to be in 
the 14 to 16 mesh range, all but a percent or so will pass 
a number 14 U.S. Standard sieve while all but a percent 
or so will be retained on a number 16 U.S. Standard 
SeWe, 
The Ottawa sand used in the tests was a quartz sand 

having unusually round particles. 
dividual sand grains varies widely as noted in the table. 
All the samples tested had some weak and some strong 
particles. When compressed between the core faces, 
there was always considerable crushing of the sand par 
ticles, producing a wide distribution of particle sizes 
which greatly inhibited flow. 
The glass beads tested were of three types: ordinary 

(O), an experimental composition (G), and our pre 
ferred composition (Z). The ordinary glass beads were 
a representative commercial type of lime glass beads used 
for such purposes as reflective signs and the like. It will 
be apparent that the fracture propping ability was about 
the same as when sand was used, or slightly less, except 
in one case. In this case, a fracture flow capacity was 
obtained about thirty times as great as the best results 
obtained using sand. These exceptional results were ob. 
tained by carefully screening the beads so they were all 
almost exactly the same size and then using a high con 
centration of them (4 pounds per 16 square feet). A 
slightly lower concentration (3 pounds per 16 square 
feet) failed in three tests to produce similar results since 
in every case the beads crushed. These data are typical 
of the erratic nature of results when using ordinary glass 
beads as propping agents. 
The experimental composition (G) produced beads 
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12 to 16 mesh size range. 

3,155,162 
S 

which were somewhat stronger. These were prepared on 
small scale equipment resulting in some variation in 
strength of individual beads. As shown in the table, most 
of the beads failed under loads ranging from 100 to 150 
pounds per bead. A few beads failed even outside of 
this range. 
The results were somewhat better than when ordinary 

glass beads were used. When the type (G) beads were 
used with the soft Cardium cores, the results were quite 
encouraging. Several explanations of the failures of 
these beads, when used with the harder cores, have been proposed. No completely satisfactory explanation has 
been offered which could be used as a basis for predict 
ing when such beads should be used. 
Type (Z) glass beads were prepared from an entirely 

new composition having the following analysis: 
Percent 

Calcium oxide ------------------------------ 6.26 
Boron oxide -------------------------------- 5.9 
Sodium oxide ------------------------------- 2.9 
Silica -------------------------------------- 28.6 
Due to the high melting point of the composition, manu 
facturing methods capable of operating at higher tem 
peratures should be used for forming our beads in the 

L Methods such as those de 
scribed in U.S. Patents 2,460,977, 2,461,011, or 2,524,613 
should be considered for forming these beads. As usual, 
the properties of the beads depend to some degree on the 
method by which they are made. Therefore, representa 
tive beads having any given composition and produced by 
any given method should be checked for average individ 
ual strength by the test previously described. 
The reasons for the excellent results produced by the 

type (Z) beads are not completely understood. How 
ever, the satisfactory nature of the beads even in contact 
with a very hard formation at a great depth is apparent 
from the data, Therefore, it would seem that these beads 
can be used with confidence as props in any formations 
at depths up to at least 10,000 feet. A full monolayer 
of these beads in a fracture requires about 5.5 pounds 
per 16 square feet for the 14 to 16 mesh beads and about 
6.6 pounds per 16 square feet for the 12 to 14 mesh balls. 
Thus, the concentration of beads between the core faces 
in tests 21 to 28 reported in the table was never inore 
than about 2 of a full monolayer and was sometimes 
less than % of a full monolayer. It will be apparent that 
by use of a higher concentration of beads, a larger load 
can be supported so the beads can be used at depths even 
greater than 10,000 feet. 

Regardless of the concentration of the glass balls in the 
fracturing liquid, the final concentration in the fracture 
tends to be about the same. The liquid leaks away from 
the balls, leaving them closely packed together. Thus, a 
closely packed layer of beads in the fracture generally 
is obtained automatically. If it is desired that the balls 
be spaced apart, this can be most conveniently done by 
use of a temporary diluting solid with the balls. The 
diluting solid is then deposited in the fracture with the 
balls and spaces them apart. When the well is produced, 
the diluting solid disappears, preferably by dissolving, leav 
ing the balls spaced apart. If the zone to be fractured is 
oil bearing, the temporary material should, of course, be 
oil soluble. Examples of suitable materials include naph 
thalene, paradichlorobenzene, hexachlorocyclohexane, or 
Some of the Synthetic resins manufactured from couma 
rone, indene, dicyclopentadiene, or the like. If a water 
producing well is to be fractured, the temporary diluting 
solid should be a water-soluble material such as sodium 
chloride. If a gas zone is fractured, the temporary dilut 
ing solid should be a slowly volatile material such as naph 
thalene. 
The particles of the temporary diluting solid should be 

within about the same size range as that of the glass beads; 
that is, they should be no more than about 1.2 times as 
large and no Smaller than about 0.5 times as large as the 

5 

O 

20 

25 

30 

40 

50 

5 5 

65 

6 
average size of the balls. The fracturing liquid should 
preferably be saturated with the temporary diluting solid 
in order that the size of the particles of this material will 
not become so small as they are pumped down the well 
that there is danger of their forming a seal over a bridge 
of the balls at the face of the fracture. The use of tem 
porary diluting solids with permanent fracture props is 
described in more detail and claimed in U.S. patent appli 
cation 100,404, filed by C. R. Fast and G. C. Howard 
on April 3, 1961. 
The portion of the fracture near the well is the most 

important, of course, so it may be desirable in some cases 
to inject other propping agents, such as quartz sand, first. 
The glass balls can then be used to prop the fracture near 
the well where the highest velocity flow occurs. 
The carrying liquid for the balls should preferably be 

a low-penetrating liquid as defined in U.S. Reissue Patent 
23,733, Farris. Almost any mineral oil, water, or mix 
tures thereof can be used as a carrying liquid if desired. 
The term "mineral oil' is intended in its broad sense to 
include crude petroleum and fractions thereof. The min 
eral oil, water, or mixtures of the two, may be used with 
out additives or may contain materials in solution or sus 
pension. For example, water may be fresh or salty and 
may contain colloidal solids, such as starch, to decrease 
the loss of the water to the formation. The mineral oil 
may be, for example, kerosene or diesel fuel without ad 
ditives, or it may contain materials such as naphthalene 
in solution or colloidal solids such as heavy metal soap. 
When a fracturing fluid is said to consist essentially of a 
carrying liquid and the beads, it will be understood that 
Small amounts of other materials, such as those named 
above or other special purpose additives not substantially 
detrimental to the properties of the fracturing fluid, may 
also be present. 
The type of carrying liquid and the average size and 

concentration of glass balls will depend somewhat upon 
the geographical location of the formation to be frac 
tured. In Some areas the formations are easily frac 
tured and propping agents are easily placed in the frac 
tures. In such cases the fracturing liquid may have a 
low viscosity, the balls may be large in diameter, and the 
concentration of balls in the liquid may be high. In 
other areas it is difficult to form fractures. In such areas 
the carrying liquid should be viscous, the balls should be 
Small in diameter, and the concentration of the balls in 
the liquid should below. 
Many other variations of the procedures described 

above will occur to those skilled in the art. In general, 
the glass balis can be used in most of the fracturing fluids 
or methods previously proposed, the balls being substi 
tuted for the Spacer materials, such as sand, previously 
used or Suggested for use in any fracturing operations. 
The balls used in the tests were not perfect spheres al 
though they were nearly so. The balls need not be per 
fect spheres, although the more nearly spherical, the bet 
ter. For our purposes, the average ball should have a 
Smallest dimension at least about 80 percent of the great 
est dimension. If the formation fracture is horizontal 
and a few of the nonspherical balls have their long di 
mension vertical, the formation must crush down around 
these balls until those bails deposited with their short 
dimension vertical bear a part of the weight. It is even 
possible that, when the formation crushes to produce a 
greater area of Support on the first balls contacted, the 
total loads on Some of these balls will exceed their indi 
vidual crushing strengths, resulting in their shattering. 
The more nearly spherical the balls and the more nearly 
all are the same size, the less chance of such shattering. 
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To avoid excessive shattering, the average smallest di 
mension of the balls should be at least about 80 percent 
of the average largest dimension. 
We claim: 
1. A composition for forming and propping a frac 

ture in an earth formation comprising a carrying liquid 
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and solid balls made from glass having an analysis con 
sisting essentially of about 62 percent calcium oxide, about 
6 percent boron oxide, about 3 percent sodium oxide, and 
about 29 percent silica, said balls being within the size 
range passing a number 12 U.S. Standard sieve and be 
ing retained on a number 16 U.S. Standard sieve, said 
balls having an average crushing strength of at least 
about 200 pounds, and most of said balls having a 
minimum diameter which is at least about 80 percent 
of the maximum diameter. 

2. A process for increasing the productivity of fluids 
from a formation into a well penetrating said formation 
comprising injecting a fracturing fluid through said well 
and into said formation, said fracturing fluid consisting 
essentially of a carrying liquid and solid balls made from 
glass having an analysis consisting essentially of about 

: 62 percent calcium oxide, about 6 percent boron oxide, 
about 3 percent sodium oxide, and about 29 percent silica, 
said balls being within the size range passing a number 
12 U.S. Standard sieve and being retained on a number 
16 U.S. Standard sieve, said balls having an average 
crushing strength of at least about 200 pounds, and 
most of said balls having a minimum diameter which 
is at least about 80 percent of the maximum diameter, 
and said fracturing fluid being injected into said forma 
tion at a rate sufficient to fracture said formation and 
place said balls in the fracture. 

3. A process for increasing the productivity of fluids 
from a formation into a well pentrating said formation 
comprising injecting a fracturing fluid through said well 
and into said formation, said fracturing fluid including 
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a carrying liquid, strong, brittle balls, and particles of 
a temporary diluting solid, said fracturing fluid being in 
jected at a rate sufficient to fracture the formation and 
deposit said balls and Said particles of a temporary di 
luting solid in said fracture, said balls being made from 
glass having an analysis consisting essentially of about 
62 percent calcium oxide, about 6 percent boron oxide, 
about 3 percent sodium oxide, and about 29 percent 
silica, said balls being within the size range passing a 
number 12 U.S. Standard sieve and being retained on a 
number 16 U.S. Standard sieve, said balls having an 
average crushing strength of at least about 200 pounds, 
and most of said balls having a minimum diameter which 
is at least about 80 percent of the maximum diameter, and 
said particles of a temporary diluting solid having sub 
stantially the same average size as said strong, brittle 
balis, and said temporary diluting solid having a melt 
ing point greater than the temperature of the formation 
to be fractured, whereby when formation fluids are pro 
duced from said well, said temporary diluting solid is 
removed leaving the fracture propped open by widely 
spaced individual strong brittle balls to form high-ca 
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pacity channels for flow - of fluids from the formation to 
the well. . . . . - - - - - - - 
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