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(Cl. 73—51)

4 Claims.

This invention relates to a method for testing
the productivity of the various stratea communi-
cating -with a well such as an oil well, and par-
ticularly refers to the determination of the di-
rection and rate of flow of fluids such as oil, gas
and water into or out of each of said zones during
controlled flow- and pressure conditions at the top
of the well.  Apparatus shown herein is claimed
in our copending divisional application Serial No.
431,052 filed February 16, 1942.

In the production of oil and gas it is common
practice to drill through a number of vertically
spaced and sometimes widely separated productive
strata or formations and then complete the well
by setting a casing or a liner which is selectively
perforated at points opposite those strata or for-
mations which are known or believed to bé pro-
ductive of oil or gas.

Several methods of mvestlgatmg the produc-
tivity of the different strata open to a well have
been used. Certain of the electrical properties of
the rocks have been helpful in this regard, such
properties being determined by the commonly
utilized procedures for electrical coring developed
by Schlumberger. Another method of obtaining
useful information relative to the vertical distribu-
tion of productivity, results from a study of the
actual cores obtained from the intervals exposed to
the well.  Some information of a less detailed but
more direct nature may be obtained by formation
testing in which—-provided a pressure recorder -is
employed in conjunction with the testing tool—
data may be obtained on the pressure-production
characteristics of the interval being tested as well
as data relative to the nature.of the fluids being
produced from the interval under test. The main
disadvantage of this procedure, however, is that
ordinarily the number of intervals or stages which
may be tested over, the major interval being
studied is not sufficient to provide the degree of
detail required in many problems.

The value of a knowledge of the vertical dis-
tribution of productivity in connection with in-
dividual weli problems as well as reservoir prob-
lems is generally recognized by engineers and op-
erators. A typical application of this type of in-
formation is in connection with the determination
of locations for perforations in the casing or liner

which is placed opposite the total interval exposed
and which may be cemented. Another applica-
tion of this type of information is that of the
nature of selective zonal production program to
follow, provided it is desired to produce the vari-
ous .zones individually.

The methods which have been previously men-
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tioned as yielding information useful in determin-

ing the variation in wertical productivity can be

employed only before a well casing or pipe is
placed in the well opposite the productive inter-

vals. In actual practice there has heen no easy
and rapid method of determining the relative pro-
duction of oil, gas and water from the individual
strata which commumcate through perforations
or otherwise with the interior of the well casing
or liner.

Oftentimes in the case of such a multiple zone
well in which the complete interval is opened to
the well bore without packers, the lower pressure
zone or zones may not contribute fluids at the
pressures prevailing opposite this particular zone
or zones at the given rate of total production from

- the multiple zone well,

In such an event the chstrlbutlon of velocity
obtained by means of a current meter opposite
these zones would indicate either that these low
pressure zones were contributing no fluids to the

‘main stream or else possibly that these zones were

taking fluid from the main stream. A determina-
tion of the general characteristics of all zones open
to the multiple zone well will require. in this re-
spect that fluid velocity traverses opposite all zones
be made at several rates of total production from
the multiple zone well. It has been found that
such velocities, if they are to be interpreted prop-
erly, must ordinarily be accompanied by a si-

‘multaneous measurement of the distribution of

pressures within the bore hole of the multiple Zone
well, For this reason it is usually essential that
the flow meter or fluid velocity meter be run si-
multaneously with a depth pressure recorder for
the purpose of obtaining these measurements.
Another reason for running the depth pressure re-
corder along with the velocity meter is that the
velocity meter simply meastures velocity, whereas
in'many instances it is desirable to obtain a knowl-

ticular point of velocity measured. - For example,
in many instances free gas enters the well bore
from one.of the contributing zones along with the
oil. Such entrance could be interpreted as an in-
flow of oil so far as the velocity measurements
alone are concerned. ‘A pressure traverse op-
posite the point of gas entry will, however, dis-
close the fact that the material entering the well
bore at this point has a lower density than the ma-
terial immediately below the point of entry.

‘An additional corroborative type of measure-
ment which may be incorporated to advantage
with the pressure measurement, to verify the
type of fluid entering the well bore, is that of a
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temperature determination. The inflow of ap-
preciable volumes of gas to the main stream will
have ‘a tendency to cool the fluid opposite- the
point or points of entry and such cooling. effect
may be measured and recorded by any one of
the several types of accurate thermometers now
available. In some instances, therefore, it may
be desirable to incorporate the recording ther-
mometer in conjunction with the velocity meter
or the velocity meter and pressure recorder com-
bination. Since ordinarily it is hot feasible or
desirable to mmeasure absolute velocities at differ-
ent points in the bore hole, it may only be neces-
sary in interpreting the readings cbtained from
the velocity meter at different depths to refer
these readings to some datum condition. . The
condition which may best be chosen as a datum
is that at the top of the interval being studied,
since at this point the total flow from the under-
lying zones is passing the cross section, hence

the procedure in making such determination may"

best consist in first determining the reading at
this point and referring all other readings’ ob-
tained at points below this to the reading at
this point.

In certain instances a multiple zone well hav-
ing a zone or zones of considerably higher pres-
sure than other zones opened to the same well
will, when partially or completely .shut in, thus
changing the back pressure against which the
zones produce, exhibit the characteristic of re-
pressuring the lower pressure zones by flow of
fluids from the higher pressure zones. Depend-
ing upon whether the zone or zones being re-
pressured are above or below the zZone or zones
furnishing the fluids, the direction of flow as
indicated by the current meter will be. either
upward or downward. Hence, it is desirable in
making measurements on wells of this type to
‘have available a fiow meter or velocity measur-
Ing device which is capable of indicating the
direction of flow of fluids within the well bore,
This invention comprehends broadly the meas-
urement of the upward or downward flow of
fluid in the well bore at successive points be-
tween those formations which are considered to
be releasing fluid into the bore or receiving it
therefrom. At the same time it may be desirable
to determine the density and temperature of
the fluid so that a complete understanding of
the nature of its flow may be known. Density
detérminations may be made by the well known
means as hereinbefore set forth, such as the
pressure recorder of United States Patents No.
1,955,855 and No. 2,115,018 or samplers such as
that covered by Patent No. 2,147,983. The tem-
perature determinations may be made by other
well known means such as those of Patent No.
2,076,211, Desirably, but not necessarily, the
flow of fluids should be measured at the center
of the conduit or passage so that radial eddies,
turbulence or other flow disturbing factors which
may influence this determination may be mini-
mized. ‘

It is an object of this invention to provide a
method fer obtaining a continuous measurement
of the rate at which fluid, such as oil, gas or
water or a mixture of them, may enter or leave
the well bore of a well from g given production
Zone or zones having communication with a well
bore through an open face of an earth interval
or through perforations in a casing or liner and
under controlled conditions of back pressure and
total outflow of fluids from the top of the well.

Another object is to provide a method for
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traversing a well and casing thereof to give an
indication of the relative quantities of fluids,
such as oil, gas and water or a mixture of them,
which may be entering or leaving the well at
any given interval which is opened to the pro-
ductive earth formations, :

Another object is to provide a method for
measuring the rate and direction of fluid flow,
the temperature and the density of the fluids
which  pass upward through the well bore
throughout a given interval in its length.

- Another object is to provide g method for de- -
termining the fluid flow in a well bore substan-
tially in the center of the fluid stream so that
the effect of the high radial velocities into the
casing or liner through the perforations may be
minimized.

These and other objects and advantages will
be found apparent from the *following descrip-
tion and from the attached drawing which forms
a part of this specification and illustrates a pre-
ferred embodiment of means for carrying out
this invention as applied to the measurement of
fluid flow at various points in a producing well.

In the drawing, Figure 1 is a vertical sectional
view of a preferred form of flow meter in place
in a well tubing, . :

Figure 2 is a horizontal view on line IT—IT of
Figure 1 showing a preferred form of impeller
for the flow meter of Figure 1. - :

Figure 38 is a horizontal sectionsl view on line
ITIIIIT of Figure 1 showing an arrangement

- for connecting the electrical contactor of the flow
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meter to an electric cable extending to the top
of the well. : o

Figure 4 is a horizontsl sectional view on line
IV—IV of Figure 1 showing a preferred arrange-

. ment of a centering guide.

Figure 5 is a horizontal sectional view of the
centering device shown in Figure 4 in place in g
well casing of larger diameter than the tubing,
with the centering guides in expanded position.

Figure 6 is: a vertical sectional diagrammatic
view of a well showing a preferred arrangement
of casing and tubing for determining the total
flow of fluid. :

Figure 7 is an enlarged horizontal sectional view
on line VII—VII of Figure 1 showing a preferred
form of contactor that may be used to indicate
direction as well as rate of flow of the well fluids.

In the drawing, reference number 18 desig-
nates generally a well casing which extends
downwardly from the surface of the earth to a
point (1, where it may be cemented or otherwise
sealed above the producing formation, At the
upper end of casing 10 is a conventional casing
head. 12 provided with the usual outlet 13 for gas
and means - for supporting a central tubing (4
having one or more valved outlets 15, Below
point {1 a liner or casing 16 extends downwardly
through the upper strata and through the pro-
ductive formations designated A, B, C, D. Oppo-
site those formations which are believed to be
productive, liner 16 is selectively perforated as at
17,18, 18, 20. The lower end of liner 16 is usually
sealed as by a cement plug 23, "Packer 25 may be
used to seal the snnular space between tubing 14
and the casing or liner 16. ‘

In order to carry out the procedure of this in-
vention the means for testing fluid flow, density
and temperature are necessarily of such an outer
diameter as to pass freely through the bore of
tubing 14 so that they may be lowered from the .
top of the well and placed at different levels
therein without interfering with the actual pro-
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duction;from the well. To that end, casing head
12 is provided with a stuffing box 26 through
which the test devices generally designated 27
may be lowered by means of a supporting cable
28, the latter also serving to transmit desired
indications or electrical impulses to the surface,
where they may be observed or recorded as tem-
perature, pressure, density, fluid flow or any of
these values. Figure 6 shows these several de-
vices mounted within a single casing 27 or at least
connected together to be adjacent to each other
and in position below the lower part of tubing {4
and above any of the zones of perforations. . De-
sirably, but not necessarily, the -flow responsive
means is placed at the bottom or top of assembly
27 so that it will be capable of measuring the flow
of fluid at substantially the center of the flow
stream. In order to facilitate this condition the
test device 27 is preferably fitted with outwardly
extending spring guides 29 having enough flexi-
bility to center the test devices in the tubing 14
and also in the larger diameter liner 16 as are
shown in Figures 4, 5 and 6. ;

Referring to Figures 1 to 5 iinclusive, one pre-
ferred embodiment of a flow indicating means
consists generally of a pair of impellers 30
mounted upon a central spindle 31, the latter be-
ing rotatably supported axially within a frame 32,
The lower end of this frame is provided with a
spider 33 carrying central bearing 34, preferably
jeweled or at least arranged to.impose very lit-
tle friction -against the rotation of spindle 31.
Intermediate its length, frame 32 is ported or
slotted as at 35 and likewise is open at its lower
end so that fluids passing upwardly or down-
wardly through the casing, tubing or liner in
which it may be positioned will have free access
to impellers 30 and the latter will be responsive
to substantially the central portion of the flowing
fluid stream. Theé upper end of spindle 31 is like-
wise journaled at 36 so as to be freely rotatable
under the low fluid velocities usually encountered.

Adjacent the upper end of spindle 31 is a con-
tacting mechanism, one form of which is shown
in Pigures 1 and 7 and which is adapted to close
or open an electrical circuit in a predetermined
manner for each revolution of the impellers and
spindle. In this example, the contactor com-
prises a thin flexible strip or wire 37 of corro-
sion resistant conducting material, preferably
tungsten, silver plated bronze, or the like, which
is supported by .a first terminal 38 and extends
transversely past an eccentrically adjustable
second terminsl 39. Strip 37 is normally in con-
tact with second terminal 39 and is urged away
from the latter by a small eccentric pin 40 and a
spaced cam 46 secured to spindle 31. If desired,
this arrangement could be reversed so that strip
37 would normally be out of contact with terminal
39 and would be urged into contact with the lat-
ter by the passage of pin 40 and cam 46. Ter-
minal 38 is grounded to the frame 32 of the de-
vice, the other terminal being insulated by a suit-
able bushing 41 and connected to the spring 42
of a separable contactor 43 mounted at the upper
end of frame 32.

In the example shown, if the direction of fluid
flow causes spindle 31 to rotate in the direction of
the arrow, Figure 7, pin 40 will interrupt briefly
the contact between strip 37 and terminal 39 and
shortly thereafter cam 46 will interrupt that con-
tact for a longer period. Thus there will be a
short break followed quickly by a longer break in

.the opposite direction, for example downwardly
~instead of upwardly, the cam 46 will be first to

act, followed by pin 48, so that there will be a
long break followed quickly by a short one, In
this manner, not only the speed of rotation of

. the spindle 31 and impellers 80 and hence the rate
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of fluid flow in the well, may be determined, but
also the direction of the rotation and the flow that
causes it. Obviously, there are numerous modi-
fications of such a contactor that could be made,
the one illustrated being merely a preferred form.
Desirably, frame 32 is removably connected to a
metal support member 44 by means of screw
threads 45 so that it may be detached for clean-

5 ing, calibration and inspection of its relatively del-

icate parts and bearings. Contactor 43 is adapted
to complete an electrical circuit with g suitably
insulated electric cable 28 which extends up-
wardly to the surface of the earth. Cable 28 is il-
lustrated as being of the single conductor type,
the other part of the circuit being completed to
the surface of the egrth through member 44 and
springs . 29 which extend outwardly to contact
metal casing 10. Af the upper end of the cable
on the surface of the ground are any suitable
source of electrical current 48 and a means 49 for
indicating or recording the electrical conditions
set up by the contacting means described above.

Referring specifically to Figures 1, 4 and 5, it
will be'noted that above support 44 there extends

@ tubular body 50, slotted longitudinally at 52 to
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" is'made. This is the total flow from the well.

permit the spacing spring guides 29 to extend out-
wardly and contact the inner surface of the tub-
ing or casing in which the apparatus may be po-
sitioned. Desirably, springs 29 are provided with
shoes 53 so that they will not be caught or
worn through by contact with the wall of the
casing or tubing during passage upwardly and
downwardly through the tubing and casing. At
the lower ends of springs 29 g bearing block 54
may be provided, to slide longitudinally within
body 50 and cause springs 29 to expand or con-
tract equally. A hollow steel tube 55 is desirably
positioned certrally within body 50 to protect
cable 28 from injury and also serves to give an
inner bearing for bicck 54. )

The operation of this method will be cbvious
from. the foregoing discussion and description.
With the control apparatus 13 and {5 associated
with casing head 12 adjusted to provide the de-
sired fluid flow and pressure conditions for the
well, a flow indicating means, such as the one
just described, preferably together with means
for determining the density and the tempera-~
ture of the fluid at a given point in the well adja-
cent the flow indicating means, are lowered to-a
point above the uppermost perforation zone {1.
After a sufficient period of time has elapsed for
flow conditions to become steady, a determination
of flow rate, temperature and density of fluid
By

- lowering these devices to successive points in the

65

any electric current transmitted through cable 28.

If the fluid flow acting upon the impellers 30 is in

well casing. for example immediately above per-
forations 18, 19 or 20, which are open to the cor-
responding producing zones B, C and D, other
readings of flow direction, flow rate, density and
temperature may be obtained. By suitably com-
paring these data, that proportion of flow which
comes from or is lost to any single zone through
its respective perforations may be determined.
Obviously, the sequence of such operations and
the means and method for determining tempera-
ture, density and flow are dependent upon the
individual well conditions and are not to be lim-
ited by the apparatus here shown or the pro-
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cedure just outlined. However, it has been de-
termined that this method will give indications
of the productivity or receptivity of separate
zones in a much more rapid and economical man-
ner than those heretofore used.

Although a specific embodiment of apparatus
and but one mode of operation of the method
have been described and illustrated, it is obvious
that many changes could be made without de-
parting from the invention, and all those that
come within the scope of the: appended claims
are embraced thereby.

We claim:

10

1. A method of testing the productivity of each

of a plurality of strata communicating with a well
bore containing a fixed casing perforated in zones
opposite each of said strata, the upper part of
said casing above said strata being imperforate
and providing a fluid passage to the surface,
comprising the steps of maintaining all of said
perforations open to said casing and successive-
ly measuring the unobstructed longitudinal flow
rate and direction in said casing at predetermined
intervals adjacent said perforation zones,

2. A method of testing the productivity of each
of a plurality of strata communicating with a
well bore containing a fixed casing perforated
in zones opposite each of said strata, the upper
part of said casing above said strata being im-
perforate and providing a fluid passage to the
surface, comprising the steps of maintaining all
of said perforations open to said casing and meas-
uring the unobstructed longitudinal flow rate and
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direction between said perforation zones, meas-
uring the unobstructed longitudinal flow rate
and direction of the fluids passing through the
imperforate upper part of said casing to deter-
mine the total flow from said well, and calcu-
lating the proportion of the total flow each
stratum contributes to or receives from the fluids
in said casing. ‘

3. A method of determining the most produc-
tive zone of a plurality of zones communicating
with a substantially unobstructed well bore, com-
prising the steps of measuring flow rate and di-
rection between adjacent zones open to said well
bore, measuring the flow rate of the total fluid

‘produced by said well, and increasing the back

bressure against the total fluid flow until said
flow rate and direction measurements between
adjacent zones indicates that only one of said
zones is passing fluid into said well.

- 4. A method of testing the productivity of each
of a plurality of strata communicating with g
substantially unobstructed well bore compris-
ing the steps of lowering a fluid flow meter
through said bore successively past said strata,
measuring the rate and direction of longitudinal
fluid flow at points above and below said strata,
and calculating the proportion of the total flow
each stratum contributes to or receives from the
fluids in said well bore.

JAMES E. GOSLINE.
WILLIAM R. POSTLEWAITE
WALTER G. MILIER.




