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ABSTRACT: Horizontal fractures are formed in a subsurface 
earth formation which tends to fracture vertically at the natu 
rally occurring formation temperature by a process which in 
cludes the steps of extending at least one well borehole into 
the formation, generating a vertical fracture by pressurizing 
said borehole, injecting hot fluid into at least one borehole to 
heat the formation, continuing the injection of hot fluid until 
thermal stressing of the formation matrix material causes the 
horizontal compressive stress in the formation to exceed the 
vertical compressive stress therein at a location selected for a 
second well, extending the borehole of the second well into 
the formation, and hydraulically fracturing the formation 
through this second well borehole to form a horizontal frac 
ture extending therefrom into the formation. 
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1. 

PROCESS FOR HORIZONTALLY FRACTURING 
SUBSURFACE EARTHFORMATIONS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a process for forming horizontally 

directed fractures in a subsurface earth formation which in its 
natural state tends to fracture vertically. 

2. Description of the Prior Art 
Hydraulic fracturing is a conventional procedure that is 

often employed where the permeability of an earth formation 
is too low to permit fluid to flow into or out of the formation at 
a rate which is economically suitable in respect to a recovery 
of petroleum or other material from the earth formation. In 
petroleum thermal recovery operations, hydraulic fractures 
are formed to permit heat to be injected over a wide area into 
the oil-bearing formation. Fracturing is also useful in recover 
ing liquifiable components from essentially impermeable earth 
formations such as oil shale or bed deposits of cinnabar. 

In a hydraulic fracturing operation, a fluid is confined in a 
region in which it is in contact with a subterranean earth for 
mation and the pressure on the fluid is increased until a frac 
ture is formed within the earth formation. It is generally recog 
nized that hydraulic fractures form along planes which are 
perpendicular to the least one of the three principal compres 
sive stresses that exist along a vertical and two mutually per 
pendicular horizontal axes within any subterranean earth for 
mation. Where the vertical stress is least, hydraulic fracturing 
produces a horizontal fracture. In such a situation the fractur 
ing occurs when the pressure applied to the fracturing fluid ex 
ceeds a pressure that results from the weight of the overlying 
earth formations by an amount sufficient to overcome the ten 
sile and/or shear strength of the earth formation, or rock. 
The pressure which results from the weight of the overlying 

earth formations is commonly referred to as the overburden 
pressure. It is generally equal to, or slightly less than, about 1 
pound per square inch per foot of depth. The pressure 
required to cause a failure of a subsurface earth formation in 
situ is commonly referred to as the fracturing pressure or for 
mation breakdown pressure. 

In respect to a horizontal fracture, the fracturing pressure is 
necessarily greater than the overburden pressure, since the 
overburden must be lifted in order to separate the layers of 
rock. In respect to a vertical fracture, the vertical compressive 
stress is greater than one or both of the principal compressive 
stresses that are perpendicular to each other within the 
horizontal plane. In the latter type of situation, the hydraulic 
fractures are vertical, and are oriented in a plane perpendicu 
lar to the weaker of the two horizontal principal compressive 
stresses. 
Where a fracture is to be used in an oil-producing or fluid 

mining operation, it is generally advantageous to use a 
horizontal fracture. A horizontal fracture is better than a verti 
cal fracture in respect to both the distributing of fluid over a 
region having a significant areal extent, and the interconnect 
ing of a pair of wells. However, it has proven to be difficult to 
overcome the fracturing tendencies that are dictated by re 
gional tectonics, and in many of the reservoirs in the United 
States the least principal stress is horizontal. In such reser 
voirs, in order to form a horizontal fracture, it is necessary to 
either increase the horizontal compressive stresses or decrease 
the vertical compressive stress, or do both, until the vertical 
stress becomes the least of the three principal stresses. 

Since a confined material can be stressed by heat, the state 
of stress that exists in the rocks within a subterranean region 
can be changed by heating a subterranean zone of the ap 
propriate size and shape. The resulting stress distribution is a 
function of temperature distribution, the elastic constants of 
the material, the coefficient of thermal expansion of the 
material, and the boundary conditions. One such method for 
thermally increasing the horizontal compressive stresses until 
the vertical stress becomes the least principal stress is taught 
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No. 3,455,39. Therein, a well is fractured at the earth forma 
tion temperature and hot liquid is flowed into a resulting verti 
cal fracture to heat the earth formation around the fracture. 
As the formation is heated it thermally expands and the walls 
of the fracture move toward each other until the fracture is 
closed. At this point, the rocks are left with unrelieved com 
ponents of thermally induced horizontal stress. As the fracture 
becomes closed, the pressure required to cause fluid to flow 
into the rocks becomes higher and, when a second fracturing 
pressure is reached, another fracture is formed. Such a second 
fracture is apt to be another vertical fracture, and one that 
forms in a direction perpendicular to the first fracture at a 
pressure which is less than the overburden pressure. By con 
tinuing the injection of hot liquid, the above sequence of 
events is repeated and the injection pressure is further in 
creased. Eventually, the pressure required to inject liquid ex 
ceeds the overburden pressure and a horizontal fracture is 
formed. 

Tests and theory indicate that heating the face of a vertical 
fracture in an earth formation generally causes the vertical 
stress at the heated face to increase at a rate at least as great as 
the rate of increase of the horizontal stresses at that face; 
whereas, the horizontal stresses at some distance away from 
the heated surface increase more rapidly than the vertical 
stress. The present invention provides a method for taking ad 
vantage of the differential rate of stress increase by heating the 
formation at one well bore and then fracturing the formation 
through another well bore at some distance from the first. 

BRIEFSUMMARY OF THE INVENTION 

Horizontally directed fractures are formed in a subterrane 
an earth formation that tends to fracture vertically at the natu 
rally occurring formation temperature by a method which 
comprises the steps of extending at least one well borehole 
into the formation, preferably fracturing the formation to 
form vertically directed fractures which extend into the for 
mation from the borehole, injecting a hot fluid having a tem 
perature significantly higher than the surrounding earth for 
mation, continuing the injection of hot fluid until thermal 
stressing of the formation matrix material causes the horizon 
tal compressive stress in the formation to exceed the vertical 
compressive stress therein at a location selected for a second 
well, extending the borehole of this second well into the for 
mation (if the borehole was not previously so extended), and 
hydraulically fracturing the formation through this second 
well borehole to form a horizontal fracture extending 
therefrom into the formation. 
The first well is preferably located on the basis of 

knowledge of the trend along which vertical fractures are like 
ly to be formed. The location of the second well may be 
selected by solving thermoelastic equations to determine the 
compressive stress distribution in the reservoir rock after a 
planned period of heating. The second well is preferably 
placed at a location where the amount by which the horizontal 
compressive stress exceeds the vertical compressive stress is a 
minimum. If a specific location is desired for the second well, 
the thermoelastic equations may be solved to find the period 
of heating required to make the vertical compressive stress the 
least principal stress at the desired location. The second well 
may be extended into the formation of interest before or after 
heating has been initiated in the first well. However, the 
second well should not be fractured until heating of the first 
well has been continued for a period of time sufficient to 
reverse the relative magnitude of the horizontal and compres 
sive stresses in the formation at the location of the second 
well. 

In a modification of the process two well boreholes may be 
extended into the subsurface formation which is then frac 
tured through each well at the naturally occurring formation 
temperature to form at least a pair of parallel vertically 
directed fractures, one of the pair extending into the forma 

by C. S. Matthews, P. van Muers and C. W. Volek in U.S. Pat. 75 tion from each borehole. The formation is heated by injecting 
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hot fluid into both of these parallel fractures for a time suffi 
cient to reverse thermally the relative sizes of the horizontal 
and vertical compressive stresses in the reservoir at one or 
more locations (between the pair of parallel fractures) 
selected for one or more additional wells. The necessary 
period of hot fluid injection may be determined by solving the 
thermoelastic equations to determine the heating period 
required to reverse thermally the relative sizes of the vertical 
and horizontal compressive stresses at a given location. When 
heating has continued for a period sufficient to make the verti 
cal compressive stress the least principal stress at a selected lo 
cation the formation may be hydraulically fractured through a 
well bore extending into the formation at that selected loca 
tion to form a horizontal fracture. As in the two well case, the 
well bore at the selected location may be extended into the 
formation before or after heating is initiated in the first frac 
tured two wells, however, the well at the selected location 
should not be fractured before the relative sizes of the vertical 
and horizontal compressive stresses in the formation are ther 
mally reversed at that selected location. 

If in the above modification of the process, the heating of 
the first fractured two wells from which the pair of parallel 
vertically directed fractures extends is continued for a suffi 
cient time, the vertical compressive stress may become the 
least principal stress in the formation at the well bore of one or 
both of these two wells. Therefore, in a further modification of 
the process, the formation may be hydraulically fractured 
through one or both of the first fractured two wells after such 
a period of heating to form horizontal fractures extending 
from the borehole of the hydraulically fractured well into the 
earth formation. 

In any of the above methods of practicing this invention, 
well bores in the subsurface earth formation may be intercon 
nected by extending the fractures formed from well bores at 
the location of which the relative sizes of the horizontal and 
vertical compressive stresses have been thermally reversed 
until fluid communication with adjacent wells is achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view showing a completed well, a 
proposed well, and a surrounding earth formation. 

FIG. 2 is a horizontal cross section taken along line 2-2 of 
FIG. which shows the formation of interest after it has been 
treated in accordance with a process of the present invention. 

FIG. 4 is a vertical cross section of the formation of interest 
taken along the line 4-4 of FIG. 3 after the formation has 
been treated according to a process of this invention. 

FIG. 5 is a cross-sectional view showing two completed 
wells, a proposed well, and a surrounding earth formation. 

FIG. 6 is a horizontal cross section taken along line 6-6 of 
FIG.S which shows the formation of interest after it has been 
treated with a process of this invention. 

FIG. 7 is a plot of stress versus distance along the line 8-8 
of FIG. 6 after a period of heating from wells 12 and 13. 

FIG. 8 is a vertical cross section of the formation of interest 
taken along the line 8-8 of FIG. 6 after the formation has 
been treated according to an embodiment of this invention. 

FIG. 9 is a plot of stress versus distance along the line 8-8 
of FIG. 6 after a long period of heating from wells 12 and 13. 
DESCRIPTION OF THE PREFERREDEMBODIMENT 
FIG. 1 shows a well 10 which is provided with equipment 

suitable for use in practicing this invention. A string of casing 
14 is installed to extend from a surface location into an earth 
formation 15 in which it is desired to create a horizontal frac 
ture. The casing is provided with perforations 16 which open 
the well into fluid communication with the earth formation 15. 
A tubing string 17 carrying a packer 18 provides a means of 
conveying fluid from a surface location to a location adjacent 
to earth formation 15. The upper end of the tubing string is 
connected to a pump 19 which may be connected to heating 
and fluid-handling units (not shown) which units can be con 
ventional types of such equipment. 
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In practicing one embodiment of this invention, the 

borehole of the first well 10 of a pair of wells 10 and 11 is ex 
tended into the earth formation 15 and the well is equipped as 
described above. This well 10 is preferably located on the 
basis of knowledge of the trend along which vertical fractures 
are likely to be formed. Such knowledge is generally available 
from measurements of fracture orientation in other wells or 
from information on the regional tectonics. A preferred place 
ment of the first well 10 is such that a line connecting this well 
and the proposed location of the second well 11 of the pair of 
wells is parallel to the direction 26 of the naturally occurring 
least principal stress in the earth formation 15. 

Earth formation 15 is preferably fractured through well 10 
at the naturally occurring formation temperature by a conven 
tional means such as pumping liquid through the tubing 17 to 
a selected region of the casing 14 which is within the earth for 
mation 15. In this region the liquid is confined by the packer 
18 and the borehole bottom 29 and is conveyed by the per 
forations 6 into contact with the earth formation 15. The 
pressure is increased until the bottom hole liquid pressure ex 
ceeds the fracturing pressure and causes a fracture, such as 
fracture 31 (FG. 2), to form in the earth formation. This frac 
ture, most likely, is vertically oriented and extends from the 
well 10 in a direction perpendicular to the direction 26 of the 
naturally occurring least principal stress. This fracture is 
preferably propped open with a propping material 35 by 
procedures known in the art. 
Hot fluid such as hot water or steam may then be flowed 

down tubing 17 into the well 10 and the fracture 31. This fluid 
should have a temperature greater than that of the surround 
ing earth formation. The injection should be continued for a 
time sufficient to reverse thermally the relative sizes of the 
horizontal and vertical compressive stresses within the earth 
formation at a location selected for the second well 13. That 
is, hot fluid injection is continued until thermal stressing of the 
matrix material of the earth formation 5 causes the horizon 
tal compressive stress to be greater than the vertical compres 
sive stress at the location proposed for well 11. 
At the time such a stress configuration is achieved in the 

earth formation 15 at the desired location, the borehole of 
well 11 may be extended into the earth formation 15 and the 
well 11 equipped in a manner similar to well 10. However, it 
should be noted that it is not critical to the practice of this in 

5 vention that well 11 be extended only at this time; the forma 
tion 15 may be penetrated with well 11 before or after heating 
through the first well i0 is commenced. 

Finally, the earth formation is fractured through well 11 by 
a conventional hydraulic fracturing procedure such as that 

0 described with respect to well 10. The result of this fracturing 
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procedure may be a substantially horizontal fracture 30 (FIG. 
4) extending from the well 11 into the earth formation 15. 
This fracture may be propped with a propping material 37 by 
procedures known in the art. 
The required temperature of the hot fluid injected into frac 

ture 31 and the extent of time injection must be continued are 
related to the thermal conductivity, expansion properties, and 
preexisting stress conditions of earth formation 15. The com 
pressive stress distribution in the earth formation for a given 
period of heating from fracture 31 with a fluid having a given 
temperature may be determined by mathematical modeling. 
For example, for heating from a vertical fracture 31 in a trans 
versely isotropic formation 15 a model may be constructed 
using the following assumptions: 

1. The linear theory of thermoelasticity, involving only in 
finitesimal displacements, is applicable over the temperature 
and stress conditions to be encountered. Under these condi 
tions the stresses due to the weight of the overburden are 
known and may be subtracted from the stress distribution cal 
culated in the presence of overburden to obtain stress condi 
tions independent of depth. 

2. The elastic and thermal constants are not functions of 
temperature. 

3. Temperature and deformations are independent of each 
other. 
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4. The temperature distribution within a plane normal to the 
fracture 31 may be computed independently of the tempera 
ture distribution along the fracture 31 once the temperature at 
the fracture face is known. 

5. The elasticity problem may be treated as one of plane 
strain, i.e., no strain in the horizontal direction in which the 
fracture 3i was originally propagated. 

6. At sufficiently great distances from the fracture 31 the 
stresses, displacements, and temperature in the formation are 
undisturbed by the heating from the fracture. 

7. The plane of transverse isotropy corresponds to horizon 
tal bedding planes of the formation, and the plane of the frac 
ture 31 is parallel to an axis of symmetry, perpendicular to this 
plane of isotropy. 

8. Total stresses can be computed by adding those due to a 
uniform body force to the thermal stresses. Tectonic stresses, 
if known, can be added to the solution obtained. 

If we take an x-y-z coordinate system having the r-y plane 
as the horizontal plane of isotropy, the x-direction perpen 
dicular to the plane of the fracture, and the z-axis as an axis of 
symmetry parallel to the plane of the fracture, then the ther 
moelastic strain equations are as follows: 

-(a-pa); -o,+a (T-T) (1) 
ow 1 v' 
-i ('s vd.), o,--a (T-T) (2) 

ow v' 
=-f(a + ay) + , a, + a (T-T) (3) 

ow ow 
ty:-3 to (4) 

ou. ... out 
i., T. S.-- (5) 

l,-20)-3 +8. Ty- E - fly-2, to (6) 

where 
u=displacement in the x-direction 
v=displacement in the y-direction 
wa-displacement in the Z-direction 
= normal strain component in the X-direction 

C 

ot) 
oy = normal strain component in the y-direction 
ow normal strain component in the z-direction 
O2 
or = total normal stress in x-direction 
o= total normal stress in y-direction 
o= total normal stress in z-direction 
TF shear stressiny-z plane 
T = shear stress in z-xplane 
T = shear stress in x-y plane 
T= temperature 
T= initial formation temperature 
E= Young's modulus in plane of isotropy 
E" = Young's modulus normal to plane of isotropy 
v = Poisson's ratio for transverse reduction in the plane of 
isotropy for tension in the same plane. 

v' = Poisson's ratio for transverse reduction in the plane of 
isotropy for tension normal to it. 

plu' = Shear moduli for planes parallel and normal to the 
plane of isotropy, respectively. 

The equations of equilibrium for the system of interest are: 

(7) 
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6 
where p = body force due to the weight of the overburden. 

From equations (1) through (8), and the assumption of plane 
strain in the y-direction, i.e., owfoy=0, the following dif 
ferential equations for displacements in the x-y plane may be 
obtained: 

C o2. o2u. BY O2u. 
A. +4+('+) oacoz 

1. , v'EoY OT 
=A Ca(1+)+B(a -- E’ ) ot 

O2 A o2 BY O2 (9) Ouya Ou '-- Post A +(a +E) coz 
, v'Ea oT 

=A A(a -- E" )+Ba(1+). 
(10) where 

1-2 
A = (11) 

1. y'2E 

C= (1-E (13) 

A= AC-B-E, (1-y- (14) 

T=T (xs) = temperature distribution obtained by solving 
the heat conduction equation: 

O2T 
* O2 (15) 

where 
K. Fthermal conductivity parallel to plane of isotropy, 
K = thermal conductivity normal to plane of isotropy, and 
pCe volumetric heat capacity of formation. 
Equations (9) and (0) can be solved for an appropriate set 

of boundary conditions by numerical methods known in the 
art such as the finite difference method. The results of such a 
solution may be used to compute the compressive stresses in 
the formation for a given temperature distribution from the 
following relationships: 

Cou. Bow , u'Ea.Y. (T-T) ,-,+E-ca (1+u)+B('+'E). 
(16) 

Bowl Alou , v'Ea (T-T) .-E.---A("+" )+Ba (1+1), 
(17) 

, EY ou. 1 ..., ow oy EA "t E) +Av'(1 + v) 
- E. -(T To C. {-(+y E)+'('+E) 

-Ea (T-T)='Eo.--vs.-Ea(T-T) 
(18) 

FIG. 3 shows a stress distribution in the earth formation 15 
after a period of heating from a single vertical fracture 31. 
There is a region 33 near the walls of the fracture where the 
vertical compressive stress or, exceeds the horizontal com 
pressive stress, o. However, as one moves away from the 
fracture face, the vertical stress decreases more rapidly than 

(8) 75 the horizontal stress and eventually becomes the smaller stress 
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throughout a zone 34 in which thermal stressing of the forma 
tion matrix material has created conditions favorable to the 
formation of horizontal fractures. The borehole of the second 
well 11 is preferably located near the midpoint of this zone 34 
so that the horizontal fracture 30 formed from the well 11 has 5 
maximum arcal extent. For a given temperature of injected 
fluid, the heating time required to create a properly positioned 
zone 34 in which the vertical compressive stress is the least 
principal stress may be determined by solving equations (16) 
through (18) for various heating times and selecting that heat- 10 
ing time which will create a zone of thermal stress reversal in 
which the amount by which the horizontal compressive stress 
exceeds the vertical compressive stress is a maximum at the 
desired location of the well bore of the second well 11. 

In a second embodiment of this invention the boreholes of 
at least two wells such as boreholes of wells 12 and 13 in FIG. 
5 may be extended into the earth formation 15 and equipped 
in a manner similar to that heretofore described for well 10. 
These wells are preferably located so that a straight line drawn 
between the two wells is parallel to the direction 26 of the 
naturally occurring least principal stress in the earth formation 
15. The earth formation 15 may be fractured through each of 
the wells 12 and 13 at the naturally occurring formation tem 
perature by a conventional means. The resulting fractures 33 25 
and 32 (FIG. 6) are most likely substantially parallel vertically 
oriented fractures, one of which extends from each of the 
respective wells 12 and 13 in a direction perpendicular to the 
direction 26 of the naturally occurring least principal stress. 
These fractures are preferably propped with a propping 30 
material 36 and 38 by procedures well known in the art. Hot 
fluid such as water or steam may then be flowed down the tub 
ing 22 and 23 of wells 12 and 13 and into the propped frac 
tures 33 and 32. The injection of hot fluid is continued until 
thermal stressing of the matrix material of earth formation 15 35 
causes the vertical compressive stress to become the least 
compressive stress throughout a zone 39 (FIG. 7) between the 
parallel fractures 33 and 32 which zone includes the proposed 
location of one or more additional wells such as well 20. These 
additional well locations are preferably midway between frac- 40 
tures 31 and 32. The borehole of an additional well 20 may 
then be extended into the earth formation 15 (if it has not 
previously been so extended) and equipped in a manner 
similar to that described above with respect to well 10. The 
earth formation 15 may then be fractured through this well 20 45 
by a conventional method to form a substantially horizontal 
fracture 24 (FIG. 8) extending from the well 20 into the for 
mation. This fracture 24 is preferably propped with a propping 
material 25 by a procedure well known in the art. 

In a modification of this second embodiment the injection 
of hot fluid through the tubing 22 and 23 of the wells 12 and 
13 and into contact with the subsurface earth formation 15 at 
the faces of the vertical fractures 33 and 32 may be continued 
until thermal stressing of the matrix material of earth forma- 55 
tion 15 causes the vertical compressive stress to become the 
least compressive stress at the boreholes of the wells 12 and 13 
into which hot fluid is being injected (FIG. 9). When such a 
stress configuration is achieved, the subsurface earth forma 
tion 15 may be hydraulically fractured through well 12 or well 60 
13 by conventional procedures, preferably with a heated 
liquid, to form a substantially horizontal fracture (not shown) 
extending from the borehole of the well into the formation. 
This substantially horizontal fracture may be propped by 
procedures known in the art. 65 

in any of the above methods of practicing this invention, 
boreholes in the subsurface earth formation may be intercon 
nected by extending the fractures formed from a well at the lo 
cation of which the relative sizes of the horizontal and vertical 
compressive stresses have been thermally reversed until fluid 70 
communication with one or more adjacent wells is achieved. 

In summary, this invention provides a process for forming 
substantially horizontal fractures in a subsurface earth forma 
tion in which fractures when formed at the naturally occurring 
formation temperature tend to be vertically directed. The 75 
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process comprises: extending into the subsurface earth forma 
tion at least a first well of a group of at least two wells, inject 
ing through the first well and into contact with the subsurface 
earth formation a heated fluid having a temperature greater 
than that of the surrounding earth formation, continuing said 
injection of heated fluid for a time sufficient to heat the sub 
surface earth formation and thereby cause the vertical com 
pressive stress to become the least principal stress within the 
subsurface earth formation at a location selected for a second 
well of the group of at least two wells, extending into the 
heated subsurface earth formation at said location a second 
well of the group of at least two wells, and hydraulically frac 
turing the heated subsurface earth formation at the location of 
said second well to form a substantially horizontal fracture ex 
tending from the second well into the subsurface earth forma 
tion. Prior to the step of injecting a hot fluid through the first 
well and into contact with the subsurface earth formation said 
subsurface earth formation may be fractured at the location of 
the first well to form a substantially vertically directed fracture 
extending from said first well into the subsurface earth forma 
tion. At least some of the wells in the group of wells may be in 
terconnected by extending the substantially horizontal frac 
tures formed in the subsurface earth formation at the location 
of the second well until fluid communication with at least one 
adjacent well is achieved. 
To form substantially horizontal fractures in a subsurface 

earth formation penetrated by a plurality of wells in which for 
mation fractures formed at the naturally occurring formation 
temperature tend to be vertically directed the invention pro 
vides a modified process which comprises: injecting through at 
least one well and into contact with the subsurface earth for 
mation a heated fluid having a temperature greater than the 
temperature of the surrounding earth formation, continuing 
said injection of heated fluid for a time sufficient to heat the 
subsurface earth formation and thereby cause the vertical 
compressive stress to become the least principal at at least one 
selected location in the subsurface earth formation at which it 
is desired to form a horizontal fracture, providing another well 
which well penetrates the heated subsurface earth formation 
at said selected location, and hydraulically fracturing the 
heated subsurface earth formation at the selected location to 
form a substantially horizontal fracture extending into the sub 
surface earth formation. 

In one embodiment of this modified process, prior to the 
step of injecting a heated fluid through at least one well and 
into contact with the subsurface earth location, the subsurface 
earth formation may be fractured at the location of at least 
some of the wells through which said hot fluid is injected. 

In a preferred embodiment of the modified process the sub 
surface earth formation is fractured prior to the step of inject 
ing a heated fluid at the location of at least two wells through 
which wells said hot fluid is then injected. Preferably, at least 
some of the fractures formed when said wells are fractured 
prior to the step of injecting a heated fluid are substantially 
vertically directed fractures at least one fracture of which ex 
tends from each of said wells in a direction such that substan 
tially parallel fractures are formed. 
When practicing this invention according to this preferred 

embodiment of the modified process, at least one selected lo 
cation in the subsurface earth formation at which it is desired 
to form a horizontal fracture may be the location of one of the 
two wells through which the hot fluid is injected. 

In practicing this invention according to any of the above 
embodiments of the modified process at least some wells of 
the plurality of wells may be interconnected by extending at 
least some of the substantially horizontal fractures formed in 
the subsurface earth formation from wells at the selected loca 
tions until fluid communication with adjacent wells is 
achieved. 
We claim as our invention: 
1. A process for forming substantially horizontal fractures in 

a subsurface earth formation in which fractures when formed 
at the naturally occurring formation temperature tend to be 
vertically directed, which process comprises: 



3,613,785 
9 

extending into the subsurface earth formation at least a first 
well of a group of at least two wells; 

injecting through the first well and into contact with the 
subsurface earth formation a heated fluid having a tem 
perature greater than that of the surrounding earth for 
mation; 

continuing said injection of heated fluid for a time sufficient 
to heat the subsurface earth formation and thereby cause 
the vertical compressive stress to become the least prin 
cipal stress within the subsurface earth formation at a lo 
cation selected for a second well of the group of at least 
two wells; 

extending into the heated subsurface earth formation at said 
location a second well of the group of at least two wells; 
and 

hydraulically fracturing the heated subsurface earth forma 
tion at the location of said second well by injecting fluid 
into said second well and increasing the pressure on said 
fluid to form a substantially horizontal fracture extending 
from the second well into the subsurface earth formation. 

2. The process of claim 1 wherein prior to the step of inject 
ing a hot fluid through the first well and into contact with the 
subsurface earth formation said subsurface earth formation is 
fractured at the location of the first well to form a substantially 
vertically directed fracture extending from said first well into 
the subsurface earth formation. 

3. The process of claim 1 wherein at least some of the wells 
in the groups of wells are interconnected by extending the 
horizontal fractures formed in the subsurface earth formation 
at the location of the second well until fluid communication 
with at least one adjacent well is achieved. 

4. A process for forming horizontal fractures in a subsurface 
earth formation penetrated by a plurality of wells in which for 
mation fractures formed at the naturally occurring formation 
temperature tend to be vertically directed, which process 
comprises: 

injecting through at least two wells and into contact with the 
subsurface earth formation a heated fluid having a tem 
perature greater than the temperature of the surrounding 
earth formation; 

continuing said injection of heated fluid for a time sufficient 
to heat the subsurface earth formation and thereby cause 
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the vertical compressive stress to become the least prin 
cipal stress within the earth formation at at least one 
selected location in the subsurface earth formation at 
which it is desired to form a horizontal fracture; 

providing a well penetrating the heated subsurface earth 
formation at said selected location; and 

hydraulically fracturing the heated subsurface earth forma 
tion at the selected location by injecting fluid into the well 
penetrating the subsurface earth formation at the selected 
location and increasing the pressure on said fluid to form 
a substantially horizontal fracture extending into the sub 
surface earth formation. 

5. The process of claim 4 wherein prior to the step of inject 
ing a heated fluid through at least one well and into contact 
with the subsurface earth formation said subsurface earth lo 
cation is fractured at the location of at least some of the wells 
through which said hot fluid is injected. 

6. The process of claim 5 wherein prior to the step of inject 
ing a heated fluid, the subsurface earth formation is fractured 
at the location of at least two wells through which said hot 
fluid is then injected. 

7. The process of claim 6 wherein at least some of the frac 
tures formed when said two wells are fractured prior to the 
step of injecting a heated fluid are substantially vertically 
directed fractures at least one fracture of which extends from 
each of said wells in a direction such that substantially parallel 
fractures are formed, one of said parallel fractures extending 
from each of said wells. 

8. The process of claim 7 wherein at least one selected loca 
tion in the subsurface earth formation at which it is desired to 
form a horizontal fracture is a location between said substan 
tiallyEl fractures. 9. The process of claim 6 wherein at least one selected loca 
tion in the subsurface earth formation at which it is desired to 
form a horizontal fracture is the location of one of the at least 
two wells through which the hot fluid is injected. 

10. The process of claim 4 wherein at least some of the plu 
rality of wells are interconnected by extending at least some of 
the horizontal fractures formed in the subsurface earth forma 
tion from wells at the selected locations until fluid communi 
cation with adjacent wells is achieved. 


