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ABSTRACT OF THE DISCLOSURE 

A method for determining areal invasion of heat in a 
thermal recovery process. The method includes the steps 
of instituting a heat movement in a hydrocarbon bearing 
formation and subsequently monitoring the changes in 
temperature of a portion of the over burden of the forma 
tion at a plurality of monitoring points laterally or i 
areally spaced apart from the point of initiation of the 
heat movement, with the changes in temperature indicat 
ing the extent of movement of the heat. 

This invention relates to a method of detecting the 
movement of heat in a subterranean hydrocarbon bear 
ing formation. More particularly, it relates to a method of 
determining areal invasion of heat in a thermal recovery 
process. 

There are many subterranean hydrocarbon bearing 
formations which have been dif?cult and uneconomic to 
produce unless the hydrocarbon bearing formation is heat 
ed in some manner to reduce the viscosity of the hydro— 
carbons, thereby permitting recovery from the formation. 
There are many prior art examples of various thermal 

recovery processes. As for example, processes utilizing 
steam drives or cyclical injections of steam down the well 
bore and into the formation, which heating is continued 
until the temperature of a portion of the reservoir con 
taining the hydrocarbon material is heated to the desired 
level, as is well known to those skilled in the art. 

Another well known method for instituting a heat move 
ment in a hydrocarbon bearing formation is the use of an 
in-situ combustion project where a heat front is moved 
from one point to another, as between two well bores 
drilled into the formation. 
The use of steam and in-situ combustions has opened‘ 

up a tremendous amount of heretofore unrecoverable oil ’ 
at reasonable investment costs. However, experience has 
shown that there is a tendency to overheat an oil con 
taining formation by over injection of steam or excessive 
combustion. In many instances, the reservoir is overheat 
ed because it is difficult to predict the size of the steam 
stimulation treatment or the combustion time required. 

Various attempts have been made in the past to detect 
the movement of heat in a subterranean hydrocarbon 
bearing information, one of which includes the use of ob 
servation well bores, drilled between an injection well and 
a production Well, for example. In this instance, the ob 
servation Wells are drilled into the formation in the same 
manner as the injection or production wells. However, 
observation Wells are costly to drill and provide a single 
point (in a pattern) detection method. Down-hole tem 
perature logs in producing wells and observation wells 
are costly to maintain and dii?cult to interpret. The cost 
of drilling a su?icient number of observation Wells is eco 
nomically prohibitive in most instances and in other 
instances when observation wells are drilled, the steam 
does not move in the direction of the observation well and 
its use is therefore limited. 
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Another prior art method which has been suggested 
is the use of seismic methods. Here, the high tempera 
ture zone provides a measurable anomaly. However, this 
is not as reliable a technique and can be quite expensive 
in some instances. 

Further, knowledge of the direction of heat movement 
is not only useful in controlling overheating of the forma 
tion, as described above, but such information may be 
used to direct the heat movement by opening or shutting 
wells or increasing or decreasing steam injection at dif 
ferent points, for example. 

It is therefore an object of this invention to provide 
an improved method for detecting the movement of heat 
in a hydrocarbon bearing formation, which method is 
economical in operation and use, whereby information 
can be quickly and easily received concerning the move 
ment of the heat front in the subterranean formation, 
which information may be of use in preventing the over 
heating of overburden and underburden or in controlling 
the direction of movement of the heat front, or the like. 

It has been discovered that in shallow ?elds, where 
the hydrocarbon bearing formation lies no more than 
about 1,000 feet below the ground surface, and prefer 
ably about 100 feet to about 500 feet ‘below the ground 
surface, there will be measurable changes in the tempera 
tures of the overburden at the surface, which changes can 
be measured and which indicate the movement of the heat 
during a heat movement. In this connection, it has also 
been discovered that the heat produced in the hydrocar 
bon bearing formation during a heat movement, is trans 
mitted upwardly through the overburden not merely by 
pure conduction, but rather by convection. That is, there 
is a movement of heated ?uids upwardly through the over 
burden. While heat movement by conduction through 
overburden is relatively slow, heat movement via con 
vection is much more rapid, and hence, permits the car 
rying out of the present invention. 

Information concerning the direction of the heat move 
ment is useful as stated above in not only preventing over 
heating of the formation, but in controlling the ?ow of 
the heat movement by opening additional wells and shut 
ting in others or varying the steam input at various wells, 
or the like. 

Brie?y stated, this invention includes the steps of in 
stituting a heat movement in the hydrocarbon bearing 
formation and monitoring the change in temperature of 
a portion of the overburden of said formation at a plu 
rality of monitoring points laterally or areally spaced 
apart from the point of initiation of the heat movement 
as an indication of the extent of the movement of the 
heat. Preferably, the change in the temperature of the 
overburden near the ground surface is monitored at a 
plurality of points areally spaced apart from the point of 
initiation of the heat as an indication of the extent of 
areal movement of the heat. 

This monitoring is conveniently and preferably carried 
out by contacting a plurality of thermocouples in heat 
exchanged relationship with the overburden (preferably 
the surface portion thereof), and reading out the variation 
in the electrical voltage produced by the thermocouples in 
response to changes in temperature of the overburden 
during the heat movement as indications of the move 
ment of the heat. 
The term “surface ground” has been used to de?ne that 

portion of the overburden which lies adjacent to the sur 
face of the earth. It is limited to that area not more than 
about 50 feet in depth and preferably much less, such as 
only a few feet, as for example, four feet. Shallow holes 
of this type may be easily drilled with conventional equip 
ment at a minimum of cost. 

In the preferred embodiment, small holes 4 to 8 inches 
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in diameter are drilled about four feet in depth and the 
thermocouples installed near the bottom of the holes. The 
holes are then subsequently at least partially ?lled with a 
generally uniform conducting medium such as sand. The 
medium is then allowed to come to a temperature equilib 
rium with the adjacent surface ground. Readings are then 
taken of the electrical voltages produced by the thermo 
couples at convenient time intervals as an indication_of 
the movement of the heat in the hydrocarbon bearing 
formation. 

In certain embodiments of the method, the shallow 
holes can be drilled between two or more well bores which 
extend into the formation and the movement of heat be 
tween the well bores through the hydrocarbon bearing 
formation monitored in a similar fashion. 

Reference to the drawing will further explain the in 
vention wherein: 

FIG. 1 is a plan view showing three well bores ex 
tending into a hydrocarbon bearing formation with a 
plurality of monitoring points spaced apart therebetween. 

FIG. 2 is a schematic side elevation view in central sec 
tion of a monitoring hole dug in the surface ground to a 
depth of approximately four feet, and showing the in 
stallation of a thermocouple therein. 

In carrying out the present invention, the monitoring 
points are preferably in the form of a plurality of small 
shallow holes 15 as shown in FIG. 2, which may be ap 
proximately 4 to 8 inches in diameter and extend approx 
imately four feet deep into the surface ground. After a 
hole 15 is drilled or dug out, a thermocouple 16 is placed 
in the hole, near the bottom thereof and connected by an 
appropriate conductor 17 to a milli-volt meter 18, which 
is adapted to detect variations in voltage generated by 
thermocouple 16 in response to changes in temperature of 
the surrounding soil, and to read those voltages as tem 
perature measurements. It is to be understood that meter 
18 may be either the detachable kind, whereby it may be 
successively connected to a plurality of thermocouples 16, 
or it may be of the recording type and connected to only 
one thermocouple 16 for an extended period of time. 

The hole is then partially ?lled with a uniform con 
ducting medium, such as sand 19, up to approximately 
one-third of the distance from the bottom of the hole. 
The purpose of sand 19 is to provide a uniform con 

ducting medium in the hole. The remainder of the hole is 
then ?lled with soil 20 which may have been previously 
removed from the hole. Thereafter, the conducting me 
dium surrounding thermocouple 16 is allowed to come to 
a temperature equilibrium with adjacent soil. 
The practice of the present invention was carried out 

in one oil ?eld which had well bores 25, 26 and 27 spaced 
apart in the pattern shown in FIG. 1, which well bores 
extended downwardly into the hydrocarbon bearing for 
mation, the depth of which in this instance was about 
115 feet. 
Thereafter, a plurality of holes 15 were dug into the 

surface ground overlying the hydrocarbon bearing for 
mation at spaced apart points in the area generally ex 
tending between the well bores as shown in FIG. 1, which 
holes 15 were of the type shown in FIG. 2, with thermo 
couples installed therein and connected to milli-vote 
meters 18. 

Thereafter, a heat movement was initiated in the hy 
drocarbon bearing formation by the injection of approx 
imately 5,000 barrels of water, as steam, down through 
well bore 26, and a similar quantity of water, as steam, 
down through well bore 25. During this injection and for 
a period of time thereafter, the milli-vote meters were 
monitored at periodic time intervals. After a period of 
time, the various meters provided the temperature read- " 
outs shown in FIG. 1. The highest temperatures were ad 
jacent to well bores 25 and 26 with somewhat reduced 
temperatures shown therebetween. However, the tempera 
tures declined as readings were taken toard bore 27, thus 
indicating the extent of the movement of heat in the for 
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4 
mation. These readings can be taken at time intervals 
such as daily, weekly, bi-weekly or the like. 
The same procedure can be used for an in-situ com 

bustion project to trace the movement of the combustion 
front through a pattern. 
The foregoing method is inexpensive to perform and 

can be carried out with a minimum of equipment. It pro 
vides a means whereby a check can be maintained on the 
amount of heat injected and the location of the heat in 
the formation. It also provides a means for controlling 
the ?ow of heat in a heat movement. If, for example, it is 
discovered by this invention that the heat movement is 
proceeding in an unwanted direction, then certain wells 
may ‘be closed in and other wells opened up to cause the 
heat movement to proceed in a different direction. 

While the invention has been described with respect 
to three wells, it is to be understood that the invention 
may be carried out over a formation having any number 
of wells having any spacing pattern, with thermocouples 
spaced in all directions with respect to any one well or 
location. 

Further modi?cations may be made in the invention 
as particularly described without departing from the scope 
thereof. Accordingly, the foregoing description is to be 
construed as illustratively only and is not to be construed 
as a limitation upon the invention as de?ned in the follow 
ing claims. 
What is claimed is: 
1. The method of detecting the movement of heat in a 

subterranean hydrocarbon bearing formation during a 
thermal recovery process, said method comprising the 
steps of: 

instituting a heat movement in said hydrocarbon bear 
ing formation; 

and monitoring changes in temperature of portions of 
the overburden of said formation at a plurality of 
monitoring points laterally spaced apart from and 
above the point of initiation of said heat movement 
as an indication of the extent of movement of said 
heat. 

2. The method as claimed in claim 1 wherein said 
monitoring included the steps of: 

contacting a plurality of thermocouples in heat ex 
change relationship with said overburden at said 
monitoring points; 

and reading out variations in electrical voltage pro 
duced by said thermocouples in response to changes 
in the temperature of said overburden during said 
heat movement as indications of the movement of 
said heat. 

3. The method for determining the extent of areal 
invasion of heat in a subterranean hydrocarbon bearing 
formation, said method comprising the steps of: 

initiating a heat movement in said hydrocarbon bear 
ing formation; 

and monitoring changes in temperature of portions of 
another formation spaced above said hydrocarbon 
bearing formation at a plurality of monitoring points 
in said other formation and laterally spaced apart 
from the point of initiation of said heat movement 
as an indication of the extent of areal movement 
of said heat. 

4. The method for determining the extent of areal in 
vasion of heat in a subterranean hydrocarbon bearing 
formation, said method comprising the steps of: 

initiating a heat movement in said hydrocarbon bearing 
formation; 

and monitoring changes in temperature of portions of 
the surface ground above said hydrocarbon bearing 
formation at a plurality of monitoring points laterally 
spaced apart from the point of initiation of said heat 
movement as an indication of the extent of areal 
movement of said heat. 

5. The method as claimed in claim 4 wherein said 
monitoring includes the steps of: 
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contacting a plurality of thermocouples in heat ex 
change relationship With said surface ground at said 
monitoring points; 

and reading out variations in electrical voltage pro 
duced by said thermocouples in response to changes 
in the temperature of said surface ground during said 
heat movement as indications of the movement of 
said heat. 

6. The method as claimed in claim 5 wherein said 
thermocouples were contacted with surface ground by 
the steps of: 

digging holes from the surface into said ground; 
installing said thermocouples near the bottoms of said 

holes; 
and at least partially ?lling said holes. 
7. The method as claimed in claim 6 wherein: 
the bottom portions of said holes surrounding said 

thermocouples are ?lled with a generally uniform 
conducting medium; 

and the medium is allowed to come to a temperature 
equilibrium with the adjacent ground. 

8. The method as claimed in claim 7 wherein: 
said holes are about four feet in depth. 
9. The method as claimed in claim 7 wherein: 
voltages produced by said thermocouples are monitored 

at periodic time intervals to determine the temper 
ature changes of the earth near the ground surface. 

10. The method for determining the extent of areal 
invasion of heat in a subterranean hydrocarbon bearing 
formation, said method comprising the steps of: 

20 

5 
initiating a heat movement in said hydrocarbon bearing 

formation between at least tWo spaced apart well 
bores drilled into said formation; ‘ 

digging a plurality of holes into the surface ground 
overlying said hydrocarbon bearing formation at 
spaced apart points in the area generally extending 
between said well bores; 

installing a thermocouple near the bottom of each of 
said holes in heat exchange relationship with the 
adjacent ground; 

and reading out variations in electrical voltage pro 
duced by said thermocouples in response to changes 
in the temperature of said surface ground as indi 
cations of the movement of said heat in said hydro 
carbon bearing formation between said well bores. 
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