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1. 

3,245,470 
CREATING MULTIPLE FRACTURES IN A 

SUBTERRANEAN FORMATION 
-Kenneth D. Henry, Hamilton, Tex., assignior to The Dow 

Chemical Company, Midland, Mich., a corporation of 
Delaware 

Filed Dec. 17, 1962, Ser. No. 245,156 
14 Claims. (C. 165-42) 

The invention relates to a method of treating a fluid 
bearing subterranean formation, and more especially to 
an improved fracturing method for increasing the per 
meability thereof and consequently the production of a 
well penetrating said formation. It particularly relates 
to increasing the flow of oil from the fluid-bearing por 
tions of a formation to the wellbore where such flow has 
been to some extent obstructed by insufficiently fuid 
permeable intervening strata. 

Fluids, e.g., oil and gas, contained within the voids and 
pores of a subterranean formation are producede there 
from by flowing the fluid out of the formation to a well 
bore and lifting it upwardly therethrough either by pres 
sure differential or fluid displacement or a combination of 

- both. 
To produce fluid from a formation by either a pres 

sure differential, e.g., taking advantage of the natural 
formation pressure or by pumping, or by fluid displace 
ment, e.g., water flooding, requires that the formation 
be fluid-permeable at least to some extent. Substantially 
fluid-impermeable or tight rock structures existing within 
a fluid-bearing reservoir, e.g., nonporous sills or dikes, 
or solidified depositions such as sometimes form along 
slip faults which lie between the fluid-bearing portions of 
the formation and a wellbore penetrating said formation, 
block access of the fluid sought to be produced from the 
wellbore. 

Hydraulic fracturing (sometimes supplemented by a 
treatment of a formation with a chemical which attacks 
the formation, such as an acid, or by injecting a solid or 
liquid explosive into the formation and detonating it in 
place) has been employed to open up connecting passage 
ways through and leading from fluid bearing portions 
of a formation to a wellbore penetrating the formation. 

Hydraulic fracturing, in brief, is conducted by inject 
ing a liquid down a wellbore and forcing it back into the 
formation at a pressure sufficient to lift the overburden 
or cause cleavage among strata and thus provide cracks 
and fissures therein. Usually the liquid employed con 
tains a propping agent, e.g., sand, suspended therein, at 
least a part of which lodges in the cracks and fissures so 
created, and helps to prop them open and prevent them 
from closing up when the pressure is released. 
One difficulty that has been encountered with hydraulic 

fracturing is due to the fact that the liquid employed, 
when forced into a formation, tends to follow the more 
accessible cracks, fissures, and the like already there or 
those first created in the early stages of the fracturing 
operation, rather than to create new cracks or fissures in 
the formation or to enter the more constricted cracks 
and fissures in the formation where fracturing is most 
needed. 

Efforts have, accordingly, been made to divert liquids 
employed in fracturing into the more constricted open 
ings or to create new openings in preference to following 
the more readily accessible openings. Such efforts have 
included the employment of ball sealers (which are in 
tended to enter perforations in a well casing without 
passing therethrough) and various plugging, sealing, and 
bridging agents on the assumption that such agents will 
be carried with the principal flow of the fracturing liquid 
as it first enters the formation into the more open chan 
nels, some of which will lodge therein, and result in at 
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2 
least a partial deterrent of such principal flow, and there 
by divert Subsequent fracturing liquid into the more con 
Stricted openings of the formation. Such assumption 
has proved more-or-less sound and has yielded encourag 
ing returns. However, certain disadvantages have shown 
up in the use of known plugging and bridging agents in 
fracturing operations. Among such disadvantages is the 
fact that such plugging or bridging occurs relatively close 
to the wellbore rather than in the more remote portions 
of the formation where fracturing is particularly desir 
able. A further disadvantage is that most of these plug 
ging or bridging agents impart to the fracturing liquid an 
undesirable increase in viscosity. A still further disad 
vantage of the use of known plugging and bridging agents 
is that when attempting to fracture vertically a relatively 
thick pay zone, the fracturing fluid tends to be dissipated 
in the upper section thereof and hence the treatment is 
confined to relatively small sections leaving other rela 
tively large sections of the pay zone unaffected by the 
fracturing liquid. 
A paramount need exists for a method of fracturing 

a fluid-bearing formation whereby branched and connect 
ing fractures are produced contiguous to the principal 
and initial fractures so that the fluid sought (which so 
often remains locked in the formation some distance 
from the existing fractures) will find passageway to the 
wellbore. 
The invention meets this need by providing a method 

of fracturing a subterranean formation which creates 
multiple fractures some distance from a wellbore pene 
trating the formation and which connect with pre-exist 
ing and initially produced fractures thereby making ac 
cessible the fluids contained in portions of the formation 
heretofore remaining largely closed off from fractures 
made by known methods. 
The invention is a method of fracturing a well pene 

trating a fluid-bearing formation which comprises (1) in 
jecting a fracturing liquid containing a propping agent 
dispersed therein down the wellbore of a well penetrating 
a substerranean formation and back into the formation 
at a generally rising injection pressure until at least one 
fracture is created in the formation, usually indicated by 
a detectable cessation of the rise in pressure; (2) incor 
porating into the fracturing liquid containing the prop 
ping agent a substantially inert gas in an amount suf 
ficient to provide a two-phase commingled gas-liquid 
fluid mixture, at the pressure and temperature condi 
tions existing at the depth of the formation being frac 
tured and continuing to inject the two-phase fluid mix 
ture, without substantial increase in the rate of injection, 
to plug at least partially the fractures created in step (1); 
and (3) substantially repeating step (1) by decreasing 
the amount of gas incorporated in the fracturing liquid 
to that which is insufficient to provide a two-phase com 
mingled gas-liquid fluid mixture at the pressure and tem 
perature conditions at the depth of the formation being 
fractured and continuing to inject the fracturing liquid 
without substantial decrease in the rate of injection, there 
by to provide branched fractures, particularly multiple, 
connecting, adventitious-type fractures emanating out 
wardly from the earlier formed fractures. 

It is preferred, but not essential, in the practice of the 
invention, that step (3) be followed by a further step, 
designated step (4), which consists substantially of re 
peating step (2) by increasing the amount of gas incor 
porated in the fracturing liquid, over that employed in 
step (3), to that sufficient to insure a two-phase com 
mingled gas-liquid mixture and injecting the mixture into 
the fractures of the formation. Steps (1) to (4) may be 
sequentially repeated as often as appears necessary to at 
tain satisfactorily improved results in a particular fractur 
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ing operation. Usually the treatment will be terminated 
when additional fractures do not result or are created 
only with difficulty or there is a tendency for the prop 
ping agent to screen or sand out at the bottom of the well 
bore. It is found advantageous in the practice of the in 
vention to decrease the rate of injection of the liquid-gas 
mixture during step (2), and step (4) when employed, 
from the rate employed in steps (1) and (3). Such de 
crease encourages the deposition of propping agent dur 
ing steps (2) and (4). It is also preferred, but not es 
sential in the practice of the invention, that the amount 
of propping agent be increased in step (2) and step (4) 
when employed, over that employed in steps (1) and (3). 
This increases the amount of propping agent which 
screens out during steps (2) and (4). 

Practice of the invention is most conveniently and ef 
fectively carried out when some gas is incorporated in 
the fracturing liquid during all the steps. The continued 
flow of gas is more convenient because the pumps em 
ployed for this purpose may be continued in operation, 
the amount of gas desired for each step being controlled 
by merely decreasing or increasing the gas pumping rate. 
The continued flow is more effective because the com 
pressed gas, present in the fracturing fluid at all times (al 
though in varying amounts) imparts a spring-like char 
acteristic to the gas-liquid mixture under high pressure 
so that, when the pressure is subsequently released, the 
gas therein expands and assists in driving the fracturing 
liquid out of the fractures, into the wellbore and, as a 
result, is more readily bled off from the well, thereby pro 
viding a more comple and rapid removel of fracturing 
liquid and substantially lessening the need for swabbing, 
often eliminating such need altogether. 

Accordingly, in practicing the invention, some gas is 
also usually used in steps (1) and (3), but in a 
carefully limited amount. This amount is sufficient to 
provide a gas-liquid mixture when pressure is reduced to 
only that resulting from the hydrostatic head (minus loss 
of pressure due to friction) and not sufficient to provide 
enough gas with the liquid to result in screening or sand 
ing out in the fractures of the formation during the frac 
turing operation. Such amount has been found to be a 
gas to liquid volume ratio of about 1:4, i.e., not over 1 
volume of gas out of 5 volumes of the gas-liquid mixture 
or a volume ratio of gas to liquid of about 0.2. Herein 
after the term volume ratio will usually be used to refer 
to a volume ratio of gas to liquid phases at the level or 
depth of the formation being fractured. On the other 
hand, a volume ratio of more than 0.2 is employed in step 
(2), and step (4) when employed, to insure screening out 
and consequential plugging off of existing or newly created 
fractures in the formation. The maximum volume ratio 
employed in steps (2) and (4) is guided only by that 
amount which tends to screen out in the wellbore itself 
(as opposed to screening out in the fractures of the 
formation as desired). The ratio usually observed in step 
(2) and step (4) when employed, is greater than about 
0.2 but usually not greater than about 0.5. In practicing 
the invention, it should be kept in mind that certain 
gases are more soluble in some liquids than in others. 
For example, carbon dioxide, methane, propane, natural 
gas, and gaseous hydrocarbons generally are much 
more soluble in liquid hydrocarbons such as crude oil 
than in water and brine. On the other hand, nitrogen has 
relatively lower solubility in liquid hydrocarbons. Ac 
cordingly, carbon dioxide and gaseous hydrocarbons, al 
though economically feasible for use in liquid hydrocar 
bons under many oil field conditions, must be employed 
(when so used) in larger quantities than a gas of the 
nature of nitrogen. However, carbon dioxide and gase 
ous hydrocarbons are, in general, as well suited for use in 
aqueous treating liquids as in nitrogen gas. 
The ratio of the amount of gas to that of the liquid 

in the fracturing mixture is in reference only to the 
volume of gas which exists therein as free gas, i.e., in a 
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4 
gas phase, e.g., bubbles, undissolved in the liquid at the 
level of the formation being fractured. Accordingly, the 
gas which dissolves in the liquid is not included in calcu 
lating the ratio. The extent to which a gas dissolves in 
a liquid, at a given temperature, is largely dependent upon 
the natures of the liquid and of the gas employed and upon 
the pressure. For example, organic liquids such as hy 
drocarbons, dissolve greater proportions of a gas than do 
aqueous liquids under the same conditions. 

Reference to the graphs of the annexed drawing will 
be of assistance at this point: 

In FIGURE 1, the number of standard cubic feet of 
nitrogen gas necessary to saturate 39 A.P.I. crude oil, 
per 42-gallon barrel, at 77 F. and water at 77 F. and 
at 212 F. are shown on the ordinate, at increasing pres 
sures shown on the abscissa. 

In FIGURE 2, there is set out on the curves, the num 
ber of standard cubic feet of free nitrogen gas existing 
with 39 A.P.I. gravity crude oil at 120° F. when the 
amount of gas shown on the abscissa is employed, at 
the pressure shown on the ordinate. 

In FIGURE 3, there is set out on the curve, the num 
ber of standard cubic feet of free nitrogen gas existing 
with water at 120 F. when the amount of gas shown 
on the abscissa is employed, at the pressure shown on 
the ordinate. 

In FIGURE 4, there is set out on the curves, the num 
ber of standard cubic feet of free carbon dioxide gas ex 
isting with 39 A.P.I. gravity crude oil and in water, both 
at 120 F., when the amount of gas shown on the abscissa 
is employed, at the pressure shown on the ordinate. 

In FIGURE 5, there is shown a pressure-time curve 
taken from the chart of the instrument employed to 
record pressure at the well-head during a treatment ac 
cording to the invention showing: the pressure rise from 
Zero to the point of fracture followed by a cessation of 
rise or leveling off representing initial step (1); a first 
dip in pressure during step (2); a second rise in pressure 
during step (3) which is less marked but attains a higher 
peak at fracture than that of step (1); a second dip in 
pressure when step (4); a third rise in pressure when 
step (1) is repeated attaining a higher peak at fracture 
than in step (3); a third dip as step (2) is repeated; 
a fourth rise in pressure attaining a still higher peak 
at fracture than previously attained as step (3) is re 
peated; a fourth dip as step (4) is repeated; a fifth rise 
in pressure as step (1) is again repeated attaining a 
higher peak at fracture than theretofore; a fifth dip 
as step (2) is repeated; and a final rise in pressure up to 
about 5000 p.s. i. which did not show a cessation in pres 
sure rise and leveling off to indicate a fracture at which 
time the treatment was discontinued as evidenced by 
the fall of the pressure to zero. 
The Solubility of a gas in a liquid by volume is sub 

stantially a linear function of the pressure, in accordance 
with Henry's law, except at extremely high pressures 
Where some deviation from the gas laws occurs. How 
ever, for practical purposes, such straight line relation 
ship may be fully relied upon. The substantially straight 
line relationship may be seen by referring to FIGURE 
1 and to the curves designated "saturation' on FIGURES 
2, 3, and 4. 

If desired, additional information on the relationship 
of Specific gases in specific liquids may be obtained from 
texts and publications on the subject, e.g., Solubilities of 
Inorganic and Metal Organic Compounds, volume 1 (3rd 
edition) by Seidel and “Solubilities of Gases in Liquids 
at High Pressure” in Industrial and Engineering Chemis 
try, volume 23, pages 548 to 550, by Per Frolich et al. 
The pressure condition existing at the bottom of the 

wellbore may be readily calculated by recording the in 
jection pressure at the well-head, subtracting therefrom 
the loss of pressure due to friction, and adding thereto 
the pressure due to the hydrostatic head. Friction loss 
tables are readily available for use in this type of calcu 



3,245,470 
5 

lation, e.g., those contained in Technical Report-Friction 
Loss Data Bulletin, DWL-1150 (September 1962), avail 
able from Dowell Division of The Dow Chemical 
Company, Tulsa 14, Oklahoma. The pressure of the 
hydrostatic head is readily calculated by finding the 
weight of the fluid in the weiibore. 
The following descriptive material explains the prac 

tice of the invention in some detail: 
In step (1), the amount of propping agent employed 

is usually between about 0.5 and about 3 pounds per gal 
lon of fracturing liquid. Although the presence of gas 
therein is not essential, it is preferably used in amounts 
sufficient to provide a volume ratio (as defined above) of 
at least about 0.1 but not in excess of about 0.2 at the 
pressure existing at the level of the formation being frac 
tured. The rate of injection of the fracturing liquid con 
taining the propping agent, and gas, if employed, is 
usually between about 5 and about 60 barrels per minute. 
The period of time taken up by step (1) is dependent 
largely on the rate of injection. For example, at the 
minimum recommended injection rate of 5 barrels per 
minute, the time taken is usually between about 3 and 0 
minutes, and at a maximum recommended rate of injec 
tion of about 60 barrels per minute, the time taken by 
step (1) is usually between about 0.5 and 3 minutes. 
Recommended periods of time at any intermediate pump 
ing rate can readily be calculated or plotted from those 
times suggested for the minimum and maximum rate. 

In step (2), the amount of the propping agent is usual 
ly increased to between about 1.25 and about 4 times that 
employed in step (1), between 1.5 and 3 times as much 
being preferred. An amount of gas is admixed with the 
fracturing liquid or simultaneously pumped down the 
wellbore to provide a volume ratio which is more than 
0.2, preferably at least 0.3, and usually not more than 
0.5, thereby causing the propping agent to drop out in 
the fractures and fissures to effect at least some plugging 
thereof. The period of time taken up for step (2) is 
preferably less than that of step (1), usually being on 
the order of only between about 0.25 and 0.75 as long as 
that of step (1), providing the rate of injection of the 
fluid into the well of the two steps is substantially about 
the same. Best results are obtained, however, if the rate 
of injection of fracturing liquid into the well is decreased 
somewhat during step (2). A decrease in such rate 
supplements the effect of the increased propping agent 
and gas contents causing the propping agent to drop out 
of the fluid and lodge in the larger and more accessible 
cracks and fissures. 

In step (3) the amount of gas and usually also the 
propping agent in the fracturing liquid are reduced to 
values similar to those of step (1). However, it is pre 
ferred that the time taken up by step (3) be somewhat 
less than that of step (1). It is recommended that it be 
about the length of time of step (2). It is also recom 
mended that the rate of injection of the fluid be increased 
in step (3) over that of step (2) to create, more effec 
tively, new branched cracks and fissures and to carry the 
propping agent well back into such newly created cracks 
and fissures. 

In step (4), when employed, the amounts of gas and 
the propping agent (if decreased in step (3)), are in 
creased to about those of step (2). It is recommended 
that the rate of the injection be also reduced to about 
that of step (2) to aid in the deposition of the sand as 
desired. It is recommended, however, that the period 
of time allowed for step (4) be somewhat shorter than 
that of step (2). 
As aforesaid, the four steps can be repeated as often 

as appears advisable, because the free gas entrapped in 
the fracturing liquid injected during step (2) lessens the 
propping agent-carrying capacity of the fracturing fluid 
causing the propping agent to be dropped out in the frac 
tures and fissures, particularly those created in the preced 
ing step (1) which contained little or no gas and was 
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6 
usually injected at higher pressures than employed in 
step (2.) Propping agent is thus lodged in the more 
accessible fractures and fissures. Free gas is also left 
in the more accessible fractures and fissures, following 
step (2), which gives rise to added resistance to entrance 
thereinto of additional fracturing fluid injected in sub 
sequent step (3) wherein the gas content of the fractur 
ing fluid is again lessened below that Switch provides 
free gas at the pressure existing at the formation being 
fractured. The free gas in the fractures thus aid in 
causing the fracturing fluid to by-pass, at least partially, 
the sand-blocked and gas-occupied larger fractures and 
fissures and be diverted to portions of the formation 
which contain fewer or more constricted openings to 
create fractures therein. 
As hereinbefore stated, best results are obtained when 

step (4) is employed and particularly when steps (1) 
through (4) are repeated. 

It is preferred to employ some gas in the fracturing 
fluid during the fracturing steps, viz., steps (1) and (3), 
which is all dissolved, i.e., is not present as a separate 
phase or as free gas at the pressure existing at the level 
of the formation being fractured because at least a part 
of the gas, thus present as dissolved gas during fractur 
ing, is converted to free gas when the pressure is re 
leased upon termination of the fracturing operation and 
at that time serves as a fluid spring which virtually shoots 
fittid from the fractures and fissures in the direction of 
the wellbore, and upward therein, thereby greatly lessen 
ing the customary swabbing operation following fractur 
ing or eliminating it altogether. 
The following examples are illustrative of fracturing 
ells in accordance with the practice of the invention. 

All rates and concentrations expressed in the examples 
refer to the fracturing fluid employed. All ratio values 
are volume ratios of gas to liquid at the pressure and tem 
perature existing at the depth of the formation being 
fractured. 

EXAMPLE 1. 

A well having the description given immediately below, 
Was treated. 

Location -------------------- Sojoiner Pool, 
Haskill County, Tex. 

Total depth ------------------ 5235. 
Bottom hole temp. ------------ 120° F. 
Casing extending to bottom ----- 5.5' in diameter, con 

taining perforations 
between 5207.5 and 
5235. 

Tubing ---------------------- 2.5' in diameter, 5130' 
depth (volume about 
30 barrels). 

Packer ---------------------- Guiberson type posi 
tioned at 5119, be 
tween casing and 
tubing. 

Pumping equipment commonly employed for fracturing 
operations including sand and fracturing liquid plus a 
Supply of nitrogen gas and pumping equipment therefor 
Were located at the well site. A reocrding instrument 
for recording injection pressure was positioned at the 
well-head. 
The treatment was carried out as follows: 

Preliminary step 

The well was pressure-tested and then the tubing and 
annulus, both above and below the packer, were filled 
with lease oil. 

Step I-Additional lease oil, containing 270 cubic feet 
of nitrogen gas per barrel to provide a volume ratio of 
0.196, and one pound of sand per gallon of oil, was 
Started down the tubing at a rate of 11 barrels per minute. 
This is the fracturing liquid. Lease oil already in the 
tubing and in that portion of the annulus below the packer 
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was thereby forced into the formation. Sand contained 
in the fracturing fluid began to enter the formation at this 
time. The pressure chart indicated a surface pressure of 
about 3800 p.s. i. when a leveling off indicated a fracture 
had occurred. 

Step 2.- The rate of injection was then reduced to about 
8 barrels per minute and the injection continued at that 
rate for 1 minute while the sand content was increased 
to 2.5 pounds per gallon and the nitrogen gas content 
increased to 365 cubic feet per barrel thereby providing 
a volume ratio of 0.31. The injection pressure chart 
reading was about 3400 p.S.i. 

Step 3.- The rate of injection was then increased to 11 
barrels per minute and the injection continued at that 
rate for 4% minutes while the nitrogen gas was reduced 
to 270 cubic feet per barrel, thereby providing a volume 
ratio of 0.196, and the sand concentration reduced to 
about one pound per gallon. When an injection pres 
sure of about 3900 p.s.i. was reached; the pressure leveled 
off indicating a second fracture had occurred. 

Step 4.--The rate of injection was then reduced to 8 
barrels per minute, and the injection continued at that 
rate for 1.5 minutes while the sand content was increased 
to 2.5 pounds per gallon, the nitrogen gas content in 
creased to about 365 cubic feet per barrel to give the 
volume ratio of 0.196. The injection pressure had fallen 
to about 3500 p.s.i. 

Step 1 substantially repeated.--The rate of injection 
was increased to 11 barrels per minute and the injection 
continued at that rate for about a minute while the sand 
content was reduced to 1 pound per gallon, the nitrogen 
gas content decreased to about 270 cubic feet per barrel, 
to give the volume ratio of 0.196. The injection pressure 
had risen to about 4000 p.s. i. when it leveled off indicat 
ing a third fracture. 

Step 2 substantially repeated.-The rate was then de 
creased to 8 barrels per minute and the injection con 
tinued at that rate for about 1 minute while the sand con 
tent was increased to 2.5 pounds per gallon, and the 
nitrogen gas content increased to about 365 cubic feet 
per barrel, to give the volume ratio of 0.31. The injec 
tion pressure dropped to about 3600 p.s.i. 

Step 3 substantially repeated.--The rate of injection 
was increased to 11 barrels per minute and the injec 
tion continued at that rate for about 3 minutes while 
the sand content was reduced to 1 pound per gallon, and 
the nitrogen gas content decreased to about 270 cubic 
feet per barrel, to give the volume ratio of 0.196. The 
injection rate rose to about 4050 when it leveled off in 
dicating a fourth fracture. 

Step 4 substantially repeated.--The rate of injection 
was decreased to 8 barrels per minute, and the injection 
continued at that rate for about a minute while the sand 
content was increased to 3 pounds per gallon, and the 
nitrogen gas content increased to about 365 cubic feet 
per barrel, to give the volume ratio of 0.31. The in 
jection pressured dropped to 3650 p.s. i. 

Step I substantially repeated.--The rate of injection 
was increased to 11 barrels per minute and the injection 
continued at that rate for about 1 minute while the sand 
content was reduced to 1.5 pounds per gallon, the nitro 
gen gas content decreased to about 270 cubic feet per 
barrel, to give the volume ratio of 0.196. The injection 
pressure rose to about 4100 p.s. i. and leveled off indicat 
ing a fifth fracture. 

Step 2 substantially repeated.-The rate of injection 
was decreased to 8 barrels per minute and the injection 
continued at that rate for about 2 minutes while the sand 
content was increased to 4 pounds per gallon, the nitro 
gen gas content increased to about 365 cubic feet per bar 
rel, to give the volume ratio of 0.31. The injection pres 
sure dropped to about 3950 p.s.i. 

Step 3 substantially repeated.--The rate of injection 
was then markedly increased, the chart registering the in 
jection pressure showing a top pressure of about 5100 
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p.s. i. but did not level off thereby indicating that no ad 
ditional fractures of significance took place. Treatment 
was complete at this point. 

Reference to the chart which recorded the injection 
pressures showed that each successive fracturing pressure 
was higher than any preceding one until the treatment was 
terminated, similarly to the graph of FIGURE 5 of the 
drawing. 
A total of 87,380 cubic feet of nitrogen gas in admix 

ture with the sand and lease oil to comprise the fluid frac 
turing mixture was injected into the well during the treat 

ent. 
Pressure on the well was then released, the treating 

fiuid allowed to flow back out, and pumping of the well 
resumed. After two days, the entire quantity of fractur 
ing liquid employed in the well treatment had been re 
covered (i.e., the "load recovery' period was two days). 
This time is clearly in contrast with an average of 6 
days required for complete recovery of the fracturing 
fluid employed in all wells, fractured by conventional 
technique, which were located in the same pay zone in 
the same field. 
The production of the well so treated was ascertained 

six days after completion of the treatment and found to 
be 207 barrels of oil per day. Production before the 
treatment had been 30 barrels of oil per day. The im 
provement, again, was in marked contrast to the improve 
ment attained by conventional fracturing of other wells 
producing from the same Zone in the field, the average 
of such wells after treatment being 130 barrels of oil per 
day. Fifteen days after treatment, the well treated as 
described above was producing 250 barrels of oil per 
day in contrast to wells of the same Zone and field, con 
ventionally treated, which produced an average of 120 
barrels per day after fifteen days. 

EXAMPLE 2 
A second well was fractured in accordance with the 

method of the invention. As in Example 1, all volume 
ratios are those at the pressure and temperature existing 
at the depth of the formation being fractured. The well 
is described as follows: 
Location ---------- Albion, Michigan. 
Total depth -------- 464. 
Bottom hole temp. -- 105 F. 
Casing, extending to 
bottom --------- 5.5' in diameter, perforated be 

tWeen 4142 and 41.62. 
Packer ------------ None. 
Tubing ----------- None. 

Step I-After the well was pressure-tested, water (as 
the fracturing fluid) was started into the well casing at 
the rate of 25 barrels per minute and sand was fed into 
the Water in an amount sufficient to provide a proportion 
of 0.5 pound per gallon; also concurrently, 108 cubic feet 
of nitrogen gas per barrel was fed into the water-sand 
mixture. This amount of nitrogen was a volume of 
0.098. The injection was continued at the aforesaid rate 
for a period of 3 minutes. The injection pressure as 
recorded at the surface rose to about 2000 p.s. i. where 
it leveled off indicating a fracture. 

Step 2.- The rate of injection of the fracturing fluid 
Was decreased to 20 barrels per minute and the injection 
continued at that rate for 3 minutes while the nitrogen 
content was increased to 290 cubic feet per barrel to 
provide a volume ratio of 0.26. The proportion of sand 
was held substantially constant at 0.5 pound per gallon 
of fracturing fluid. The injection pressure dropped to 
about 1900 p.s.i. 

Step 3.-The rate of injection of the fracturing fluid 
Was increased to 25 barrels per minute and the injection 
continued at the rate for 4 minutes while the nitrogen 
content was decreased to 108 cubic feet per barrel to pro 
vide a volume ratio of 0.098. The proportion of sand 

75 was held substantially constant at 0.5 pound per gallon 



3,245,470 

of water. The injection pressure rose to about 2025 p.S.i. 
and again leveled off indicating a second fracture. 

Step 4.- The rate of injection of the water was de 
creased to 20 barrels per minute and the injection con 
tinued at that rate for 2 minutes while the nitrogen con 
tent was increased to 290 cubic feet per barrel to provide 
a volume of 0.260; and the sand proportion was increased 
to 1 pound per gallon. The injection pressure dropped 
to about 1925 p.s.i. 

Injection of both the sand and the water at this point 
was discontinued and only nitrogen gas injected at the 
rate of 5400 cubic feet per minute for the purpose of 
flushing fracturing fluid out of the wellbore and further 
back into the formation without adding to the burden of 
swabbing since the gas removes itself, as well as some of 
the liquid when pressure on the well is released. 
A total of 310,000 cubic feet nitrogen gas had been 

used in the entire treatment of Example 2. The pressure 
was then released on the well and the treating fluid al 
lowed to flow out. Fourteen hundred barrels of frac 
turing liquid were recovered from the well in two days. 
The balance of four hundred barrels were removed by 
swabbing. This was a distinct advantage over the diffi 
culty of removing the fracturing load from other wells 
fractured in the same area which permitted no removal 
of fracturing liquid by flowing the well and all of which 
had to be removed by Swabbing. The well treated was 
a non-producer at the time of treatment; it showed a 
small flow of oil after production. 

Comparative run (not in accordance with the 
improvement of the invention) 

A third oil well was fractured, employing nitrogen 
gas in the fracturing liquid but in an amount insufficient 
to provide a gas to liquid volume ratio of 0.2 at the depth 
of the formation being fractured at any time during the 
fracturing treatment. Similar equipment and a surface 
pressure recording chart were employed as in the above 
examples. The well had the following description. 
Location ------------ Sprayberry Trend, Martin Coun 

ty near Stanton, Texas. 
Total depth ---------- 807. 
Bottom hole temp. --- 115 F. 
Casing -------------- 4.5' in diameter, perforated at 

4 levels: 2 levels between 
7264 and 7280 and 2 levels 
between 8064 and 800'. 

Tubing ------------- 2' in diameter, extending into 
pay Zone. 

Step 1-A low viscosity fuel oil containing 1/2 pounds 
of sand per gallon and 222 cubic feet of nitrogen gas 
per barrel to provide a volume ratio (of gas to liquid) 
at fracturing pressure of 0.07, was injected at the rate 
of 19.6 barrels per minute for a period of 5 minutes. 
A fracture was indicated by leveling of the injection pres 
sure as shown on the chart at the well-head at about 
3300 p.s.i. 

Step 2.- The rate of injection and sand content of the 
fracturing liqiud were held substantially constant and 
the nitrogen gas content decreased to 284 cubic feet per 
barrel, to provide a gas to liquid volume of 0.116, for 
a period of 2 minutes. The injection pressure remained 
substantially at 3300 p.s.i. 

Step 3.- The rate of injection and sand content were 
held substantially constant and the nitrogen gas content 
was decreased to 194 cubic feet per barrel to provide 
a volume ratio of 0.065, for a period of 5 minutes. The 
injection pressure remained substantially at 3300 p.s.i. 

Step 4. The rate of injection and sand content were 
held substantially constant and the nitrogen gas content 
was increased to 284 cubic feet per barrel (as in step (2)) 
to provide a volume ratio of 0.116, for a period of 2 
minutes. The injection remained substantially at about 
3300 p.s.i. 
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Step 5 (similar to step I).-The rate of injection and 

sand content remained unchanged and the nitrogen gas 
was decreased to 153 cubic feet per barrel to provide 
a volume ratio of 0.018, for a period of 2 minutes. The 
injection pressure remained substantially unchanged. 

Step 6 (similar to step 2).-The rate of injection was 
held substantially constant but the sand concentration 
was increased to 4 pounds per gallon and the nitrogen 
gas content was increased to 284 cubic feet per barrel 
(as in steps 2 and 4) to provide a volume ratio of 0.116, 
for a period of 1 minute. The injection pressure re 
mained substantially unchanged. 

Step 7 (similar to step 3). The rate of injection re 
mained substantially the same but the sand content 
was reduced to 1/2 pounds per gallon as in the 
earlier steps and the nitrogen content was reduced to 
173 cubic feet per barrel to provide a volume ratio of 
0.022 for 4 minutes. The injection presssure remained 
substantially unchanged. 

Step 8 (similar to step 4).- The rate of injection and 
nitrogen gas content continued to be maintained Sub 
stantially the same to provide a continued volume ratio 
of 0.022 as in step 7, but the sand content was increased 
to 6 pounds per gallon. The injection pressure remained 
substantially at 3300 p.s.i. 

Step 9 (similar to step 1).-The rate of injection and 
the nitrogen content continued unchanged but the sand 
content was reduced to 1/2 pounds per gallon, for an in 
jection of 1% minutes. The injection pressure remained 
at substantially 3300 p.s.i. 

Step 10 (similar to step 2).-The rate of injection and 
nitrogen content continued unchanged but the sand con 
tent was increased to 8 pounds per gallon for an injection 
period of one minute. There was no change in the in 
jection pressure. The treatment was stopped at this 
point. 

During the treatment about 163,420 cubic feet of nitro 
gen gas were injected into the well. 
The entire load of treating fluid flowed back out of 

the well following the release of pressure on the well; 
no swabbing was required. In treatment of similar wells 
in this field, wherein a gas is not employed as in this 
treatment, swabbing was always required to remove the 
treatment fluid. However, the injection pressures, as 
shown on the recording chart at the well-head, showed 
no dips nor showed any evidence of additional fractures 
following the initial fracture. 
The well was put back in production. It showed im 

proved production over that preceding the treatment. 
However, the extent of improved production was no 
better than that of a number of other wells producing 
from the same formation in the same field which had 
been fractured by known methods. 

Reference to Examples 1 and 2 and a study of FIG 
URE 5 of the drawing show the improved results ob 
tained by the practice of the invention. 

Having described my invention what I claim and de 
sire to protect by Letters Patent is: 

1. A method of fracturing a well penetrating a fluid 
bearing subterranean formation comprising the steps of: 

(1) injecting a fracturing liquid containing a propping 
agent dispersed therein down the wellbore of the 
well and back into the formation until at least one 
fracture is created therein; 

(2) incorporating into the fracturing liquid contain 
ing the propping agent a gas, which is substantially 
unreactive with the liquid and with the formation 
fluids, in an amount sufficient to provide an undis 
solved free gas phase as bubbles within the liquid 
phase, having a free gas to liquid volume ratio of 
more than about 0.2 at the pressure and temperature 
conditions existing at the depth of the formation 
being fractured and continuing to inject the two 
phase fluid mixture, without substantial increase in 
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the rate of injection to plug at least partially the 
fractures created in step (1); 

(3) substantially repeating (1) by decreasing the 
amount of gas incorporated in the fracturing liquid 
to that which will continue to provide a gas-liquid 
volume ratio, when the pressure is reduced, to only 
that resulting from the hydrostatic head but which 
is less than about 0.2 at the pressure and tempera 
ture conditions existing at the depth of the forma 
tiong being fractured, and continuing to inject the 
fracturing liquid, without substantial decrease in the 
rate of injection, thereby to provide branched, mul 
tiple, connecting adventitious-type fractures emanat 
ing outwardly from the earlier formed fractures. 

2. The method in accordance with claim 1 wherein 
the amount of propping agent incorporated in step 2 is 
increased over that incorporated in claim 1. 

3. The method in accordance with claim 1 wherein 
the rate of injection of step 2 is decreased from that em 
ployed in step 1. 

4. The method in accordance with with claim 1 where 
in step 3 is followed by step 4 wherein the amount of 
gas incorporated in the fracturing liquid is increased to 
an amount sufficient to provide a gas to liquid volume 
ratio at the pressure and temperature conditions at the 
depth of the formation being fractured of at least 0.2. 

5. The method in accordance with claim 4 wherein 
the rate of injection of the fracturing liquid employed 
in step 4 is decreased from that employed in step 3. 

6. The method in accordance with claim 4 wherein 
the amount of propping agent employed in step 4 is in 
creased over that employed in Step 3. 

7. A method of fracturing a well penetrating a Sub 
terrean formation comprising the steps of: 

(1) incorporating into a fracturing liquid selected from 
the group consisting of oil, water, brine, gelled Water, 
oil-water emulsions, and aqueous acid solutions, 
a particulate inorganic propping agent in an amount 
of at least about 0.5 pound per gallon of fluid but not 
in excess of that which results in appreciable Screen 
ing out thereof in the wellbore, and a substantially 
inert gas in an amount sufficient to provide a gas 
to liquid ratio by volume of at least about 0.1 and 
less than about 0.20, at the pressure and tempera 
ture existing at the depth of the formation being 
fractured, injecting the resulting gas-liquid-propping 
agent fluid down the well at a rate of injection of 
between about 5 and 60 barrels per minute, and 
forcing it back into the formation at a pressure 
sufficient to fracture the formation, and continuing 
to inject said fluid for a measured period of time 
at a controlled velocity of injection to force the 
fluid containing the incorporated propping agent and 
gas in cracks and fissures; - - - 

(2) increasing the amount of gas being incorporated : 
into the fracturing fluid, to an amount sufficient 
to provide an undissolved free gas phase as bubbles 
within the liquid phase having a gas to liquid volume 
ratio at the depth of the formation being frac 
tured, of more than about 0.2, thereby to provide 
a two-phase free gas and liquid fluid containing 
propping agent, and continuing to inject the fractur 
ing fluid without substantial increase in the rate of 
injection of said fluid, to accelerate the rate at which 
propping agent is deposited in fractures in the for-. 
mation, thereby, to plug at least partially the cracks 
and fissures created in the formation included new 
ly created ones; m 
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(3) decreasing the amount of gas being incorporated 

into the fracturing fluid, to an amount sufficient to 
continue to provide a gas to liquid volume ratio, 
when the pressure is reduced, to only that resulting 
from the hydrostatic head but less than about 0.2 
at the depth of the formation being fractured, and 
continuing to inject the gas-liquid-propping agent fluid 
without substantial decrease in the rate of injection 
of said fluid to create branched, multiple, adven 
titious-type fractures emanating outwardly from exist 
ing fractures; 

(4) substantially repeating step (2). 
8. The method according to claim 7 wherein steps 

1 to 4 therein are sequentially repeated until effective 
desired fracturing has been fully attained in a par 
ticular fracturing treatment as indicated by pressure varia 
tions of the fluids being injected. 

9. The method according to claim 7 wherein steps 
2 and 3 are each carried out for a shorter period of time 
than step 1, and wherein step 4 is carried out for a 
shorter period of time than steps 2 and 3. 

10. The method according to claim 7 wherein the 
velocity of injection of the fracturing fluid in steps 2 
and 4 is less than the velocity of injection thereof in 

5 steps 1 and 3. 
11. The method according to claim 7 wherein the 

propping agent is sand having a mesh size of between 
20 and 60, and is employed in an amount of between 
0.5 and 3 pounds per gallon of fracturing fluid in steps 
1 and 3 and in amount of between 1.5 and 3 times the 
amount employed in steps 1 and 3 in steps 2 and 4. 

12. The method according to claim 7 wherein the 
free undissolved gas is employed in steps 2 and 4 in 
amount sufficient to provide a volume of gas to liquid 
of between 0.20 and 0.50. 

13. In a method of hydraulically fracturing a Well 
penetrating a subterranean formation the improvement 
which consists essentially of first creating fractures by 
injecting a liquid down the well and back into the for 
mation at fracturing pressure then injecting a mixture two 
phase free gas-liquid fluid containing a free propping agent 
suspended therein, having a gas to liquid volume ratio 
of more than about 0.2 at the pressure and temperature ex 
isting at the depth of the formation being fractured, and at 
a rate of injection which is insufficient to create fractures, 
and thereafter reducing the ratio of free gas to liquid 
in the fluid to continue to provide a gas-liquid mixture 
when the pressure is reduced to only that resulting from 
the hydrostatic head but which is less than about 0.2 
and maintaining a rate of injection which is sufficiently 
high to create multiple branched fractures emanating out 
wardly from the fractures already created. 

14. The method according to claim 13 wherein the 
ratio of free gas to liquid in said fluid is alternately 
repreatedly raised to above 0.2, with an accompanying 
decrease in injection rate, and reduced to below 0.2 with 
an accompanying increase in injection rate. 
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