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BECAUSE of the considerable

‘cooling resulting from the expan-
slon of gas, many petroleum
reservoirs can be located by tem-
perature measurements made in

d
wells filled only partly with mud.
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THE nature of the fluids contained in
reservoirs is usuall

difficult to deter-
mine in situ even when modern logging
methods are applied. On the other hand,

the problem may frequently be solved

satisfactorily when small quantities, of
these fluids are permitted to enter the
bore hole. -

A number of properties can be suc-
cessfully investigated for this determina-
tion, among which the temperature of
the fluids occupies a leading place.

Although temperature measurements
can solve a number of fuid problems
they have, like any other method, certain
limitations which either prohibit their
general use, or make difficult the inter-
pretation of the data. These limitations
are as follows:

. 1. The temperature changes observed
in a bore hole are not always caused by
fluid intrusions only.

2. Temperature anomalies are a tran-
sient phenomenon which is frequently
of short duration.

3. Oil which does not release an ap-
preciable amount of free gas has approxi-
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mately the same thermal properties as
water, and usually cannot be distin-
guished from it.

Two main problems can be frequently
solved by temperature measurements in
drill holes:

A, Location of petroleum reservoirs
in wells which do not contain drilling
fluid.

B. Production problems.
A few examples of these applications
will be discussed.

Gas Reservoirs

In rotary wells the density of the drill-
ing fluid is usually such that the pressure
of the mud at any point of the hole is
greater

than the formation pressure.

Therefore, there is generally no fluid in-
trusion from the beds penetrated into

Sixtlr of a series of seven articles, which
are based uypon research work sponsored by
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Figure 6-1 (top). Temperature anomaly pro-
duced by gas entry (hypothetical).

Figure 6-2 (bottom). Depth-temperature graph

in a well producing a large quantity of gas from
a high-pressure reservoir (hypothetical).
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the bore. On the other hand, in wells
drilled by the cable-tool method there is
an almost continual influx of fluids into
the hole. When the well traverses a gas
sand, an appreciable quantity of gas is

released, and its expansion is accom-
panied by a temperature decrease. Evi-
dently the temperature is minimum

where the greatest expansion takes place,
namely directly opposite the reservoir.

Referring to Figure 6-1, H is a cable-
tool hole %000, feet deep, for example,
having penetrated a gas sand, S at 3000
feet. Supposé this sand was seéaled while
drilling proceeded from 3000 to 4000 feet
and that the hole contained only air. A
temperature graph T made under this
condition would show that the tempera-
ture steadily increases with depth, and
in first approximation it can be assumed
that graph T is substantially a straight
line indicating a temperature of 110° at
3000 feet. Suppose now that a certain
quantity of gas is released from the sand
and that a recording thermometer is
constantly held in this mass of gas. The
pressure of the gas, while escaping, will
drop considerably and the gas tempera-
ture will decrease from 110° to perhaps
90° (section A of graph). Because of its
low density, the gas will rise in the hole
while finishing to expand to atmas-
pheric pressure. Since its temperature is
much less than that of the formations, it
will cool the latter while ascending, and
in turn will be warmed by them, until
such depth is reached that a temperature
equilibrium is attained (point B). Above
point B the gas, while rising, comes in
contact with formations which are colder
than itself and there is an exchange of
heat in the opposite direction. Because
of thermal lag, above point B the gas
remains warmer than the formation with
which it is in contact.

Below S there is no great movement
of gas (because of the difference in
density), and heat is transferred almost
only by diffusion and conduction. The
resulting temperature distribution is
shown by arc ADE

A complete depth-temperature graph
is therefore as shown by curve CBADE
showing two breaks, ¥ and G, at the
boundaries of the reservoir.

The magnitude of the temperature
anomaly at S and the length of arc GB
depend primarily upon the pressure drop
at the level of the reservoir and upon
the quantity of gas released per unit
time. When these two factors have large
values, the temperature drop is consid-
erable and the temperature of the gas
at the top of the well may be much less
than the ground temperature at that
level. (Figure 6-2.)

If there is another gas reservoir &'
above S, the resulting anomaly is super-
imposed on that described above. For
example, if the quantity of gas released
by §’ is much less than that released by
S, the temperature graph is basically as

shown on Figure 6-3. In the opposite
case, the log is more or less as indicated
on Figure 6-4, all other factors remain-
ing the same,

If the gas escapes from a single fis-
sure (fractured limestone, for example),
the temperature anomaly is extended
over a shorter distance (Figure 6-5).

Oil Reservoirs

When an oil reservoir is tapped, part
of the gas dissolved comes out of solu-
tion and escapes also into the well. The
resnlting thermal anomaly is evidently
almost identical to that which would be
obtained if the same quantity of gas had
escaped alone from the reservoir.

However, because the quantity of gas
dissolved in oil is relatively small, the
cooling due to an inflow of ‘oil is less
than that produced by free gas, all other
factors remaining the same. This differ-
ence is of considerable practical impor-
tance because it frequently permits de-
termining the approximate base of the
gas in wells which are not filled with
drilling fluid, whereby correct comple-
tion for low gas-oil ratio is possible.
There are, however, no fast rules for
the solution of this problem and usually
some local experience is necessary.
Also, the correlation of temperature
readings with other data is profitable.

Referring to Figure 6-6 for example,
the largest temperature anomalies are
situated above 3310. Pipe was set at
.’SéZO and the well came in with a small

.

There are cases, unfortunately, where
the gas-oil contact cannot be deter-
mined from temperature data, This is
especially true when the petroleum is
found in fractured reservoirs. The er-
ratic nature of the formation is prob-
ably responsible for this condition. Fig-
ure 6-7 represents a temperature log
obtained in a West Texas well having
penetrated a fractured limestone. From
other data it is known that the gas-oil
contact is in the neighborhood of 4880.
The log fails to show any significant
anomaly near this point.

Figures 6-8, 6-9 and 6-10 are early
temperature graphs obtained by, or un-
der the direction of, C. E. Van Orstrand.
Although only spot'readings were taken,
the graphs illustrate well some of the
remarks offered above.

In wells filled partly with mud or
water, it is more difficult to determine
positively the position of petroleum res-
ervoirs because the pressure differential,
and therefore the temperature anomaly,
is less. If the fluid level is sufficiently
high, there is no oil or gas entry and
the temperature changes exhibited by
the log are usually not related to the
petroleum reservoirs.

Production Problems

To suppress or reduce the amount of
water which is produced from many oil
wells it is necessary first to locate the
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Part 6

Wells Not in Thermal
Equilibrium

B. Fluid Intrusions
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Figure 6-3. Depth-temperature graph in a cable
tool well having penetrated two gas sands
(hypothetical).

Figure 6-4. Depth-temperature graph in a cable
too! well having penetrated two gas sands
(hypothetical).



42

90° 100° 1o*

2800

3000

3200

Figure 6-5 (top left). Depth-temperature graph in a cable tool well
having penetrated a single fructqre containing gas (hypothetical).
Figure 6-6 (lower left). Temperature graph from a West Texas well
having penetrated porous dolomite containing oil and gos.
Figure 6-7 (upper right), Temperature graph from a West Texas well
having penetrated a fraoctured lime section containing oil and gas.
Figure 6-8 (lower right). Depth-temperature graph in a flowing well.

After Van Orstrand, 1930. Courtesy AP1]
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point of entry of water, Temperature
measurements frequently permit solving
the problem. Basically, the method con-;
sists in setting up proper thermal con-
ditions in the well in order to produce
rclatively large temperature apomalies
from the flow of water This condition-
ing of the hole is usually achieved by
circulating mud or gas at such a tem-
erature that good contrast is obtained :
from the ‘water. In a few rare instances 1000!
the thermal state of the well is such s .
that no preliminary conditioning is nec-
essary. ‘

Referring, for example, to Figure 6-11,
the oil production from the well shown
to the left stopped gradually while large
quantities of water were produced. A
temperature survey made while the well
was flowing showed an upward migra-
tion of fluid (water) from the bottom
of the lower set of perforations. A sec-
ond survey made after the well was shut
in disclosed that this fluid was entering
the upper set'of perforations at 5510,
feet and presumably was flooding the oil
sand situated at this level. Pressure tra-
verses confirmed the foregoing interpre- 3604
tation. Plugging back to 6150 feet shut
off the water. )
_ Another case of successful water loca-
tion is shown on Figure 6-12. The well
had casing to 2937 feet and open hole
from the shoe to 3026 feet. Circulation
was made with 9.4-pound mud to clean
out bottom, the pipes were pulled out, S
and a temperature survey obtained (run T 4000
lt;jqi’ 1).. The well waslthgn, tf)iai}gdlarui1 . .

n n uid leve g ) I
s?c:pl;r)‘egd Cg%irtlgude:w#. 'Rpptroexima:e]y 600 Figure 6-9. Depth-temperature graph of a West Yirginia well. :
lineal feet of fluid was removed. Run L After Van Orstrand, 1918. Courtesy West Virginia Geological Survey
No. 2 was made and a sharp increase - R .
in temperature was indicated on bot- | - . . - T
tom. The well was again bailed until -~ ... 0 80 70 . 80 .90
the fluid level could not be reduced (ap- ) - ) ] e
proximately 60 lineal feet of fluid was i TCMP-
removed). Run No. 3 made thereafter .
confirmed the results of run No. 2. A
cement plug was 'placed in the bottom
of the well and the water shut off.

Flgure 6-13 represents two tempera-
ture runs made ‘to locate the point of
gas entry in an oil well. The first. sur-
vey (plain line) was made while the
well was flowing through casing, with t 000
tubing shut in. The graph -indicates that
the greater part of the gas is coming
from 9280 feet with a tapering off to
bottom:. The shutin survey shows the
temperature drifting towards the normal
geothermal gradient, indicating that no
formation was taking gas appreciably.
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A WATER
Interpretation of Data

The use of temperature measurements
in wells will become more valuable 200q
when the interpretation of the data be-
comes more positive. Good progress is
being made by building up a background
of knowledge from the many surveys
made in wells under various conditions
in different aréas of this country, and by .
coordinating the results with all other . GAS
information available, in particular pres- ’ : o
sure traverses.
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. . . Figure 6-10, Depth-temperature graph of a West Virginia well.
(Additional figures on following page.) After ‘Van Orstrand, 1918. Courtesy West Virginia Geological Survey
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These three charts courtesy Dale Company

Figure 6-13. Location of a point of gas entry in o California well.
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Figure 6-12, Location of o water flow in a Californio well.
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Investigotion of water migrotion in a Californio well.

.Figure 6-11,




