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DATA BY COMPUTER (71)  We, SCHLUMBERGER INLAND    sion type, or in certain
cases by average SERVICES  INC.,  19  Berkeley  Street,  capacitance
measurements. Another known. London, England, a corporation of Panama,
method is to combine two of the above sen-  50 do hereby declare the
invention,  for which  sors so as to obtain with a single apparatus we pray
that a  patent may be granted to  the total flowrate and the hold -up of
each us, and the method by which it is to be  phase. performed, to be
particularly described in    It may be thought that, from  these two and by
the following statement: quantities, it is simple to determine the rela-55
This invention relates to a method  of  tive flowrate of each phase. In
fact, in a 10  operating a composition to process produc-  vertical rising
outflow, the phases have .- dif- tion logging  data and more particularly
to a. ferent velocities, the lighter phase  flowing method niaking it
possible to determine the faster than the heavier phase. Consequently,
flowrate of each phase in the case of a two- the "cut" of the phase (i.e.
the flowrate  60 phase flow  of oil bubbles in a continuous of each phase
divided by- the total flowrate) 15  water phase.
is different from the measured (static) hold- The fluid flowing in a
production well is  up. In order to determine the flowrate of generally a
mixture of several phase; water,  each phase, it is necessary to know
another gas and oil coming from the different pro-  quantity, for example
the  slippage velocity,  65 ducing layers.One of the purposes of pro-  i.e.
the difference in velocity between the two 20  duction logging is to
determine, at different  phases. It has hitherto been assumed that levels
of a production well, the nature and  this slippage velocity is constant
along the the quantity of the phases in the flowing fluid.  entire length
of the well, and only a function To solve this problem  in the case of two-
of the density difference of the two phases 70 phase outflows, a
conventional method is to  For high flowrates such a method makes it 25
measure at each of these levels, the total  possible to obtain reasonably
accurate results flowrate of the fluid and also the .hold-up  due to the -
fact that the slippage velocity of each phase (by "total flowrate"is meant
remains low  in relation, to total flowrate. the instantaneous flow of all
the produced  On the other -hand, in the case of low flow- 75 fluid; the
"hold-up" of a phase is the pro-  rates, this method leads to erroneous
results. 30  portion of that phase to the total volume,    An object of the
present  invention is -to considered under static conditions).
provide a method making it possible to deter- There are also numerous
apparatuses allow-  mine with accuracy the flowrate of each phase ing this
information to be  obtained. To  in a twophase flow consisting of oil
bubles  80 measure the total flowrate, one generally uses  in a continuous
water phase. spinner flowmeters in particular as described    A  further
object of the invention is to in. the British Patent No.. 1,304,702 and
provide a method providing, an exact repre- French Patent No. 2,036,200. To
obtain the  sentation of the nature and of the composi- hold-up of each
phase, one may for. example  tion of the fluid produced at different levels
85 measure the average  density of, the flowing  of a well. 40 fluid either
by means of a differential pres-    According to the invention, a method of



sure apparatus, called a gradiomanometer, of operating  a computer to
process producing the type described in the US Patent 3,455,157,  logging
data in a two-phase water-oil out- or by means of a vibrating densitometer,
in  flow to determine the flowrate of one of the  90 particular as
described in -the US Patent  phases at different levels of a producing 45:
3,225,588. It is also possible to obtain the  well, comprises feeding into
the computer composition of the flowing fluid by means for each depth, data
representative of the total of nuclear apparatus of the gamma ray emis-
flowrate. Qt and of the hold-up [err] of one (Price 25p]    2
1,364,926                                               2 of the phases,
operating  the computer to  mit the equations to'be formulated, two separ-
determine,  for  each  depth, the     slippage ate phases are represented
flowing parallel 65 velocity [err] between the two  phases as a to each
other In reality, the two phases are function  of  the hold-up [err]and of
a para- generally being meter [err]which is a function of the density  in
the form  of bubbles in suspension in the difference between the two
phases, operating   other phase called the  continuous phase. If the
computer to   determine the flowrate of  y is the water hold-up  i,e. the
ratio between one of the  phases from the  obtained slippage  the volume'
of- water in place and the total velocity [err] from  the data representa-
volume of the fluid, we see that the water form.
[err] As a value. for .the  parameter [err] one may 15  use the density
difference between the two           [err]                        (2)
phases, corrected  if necessary  to  take the depth into account, in which
case one uses  in which A is the internal area of the cross- average values
for the vdocity of the phases  section of -the casing  and [err] and [err]
are the deA ring fomtIM  WdffornI-tionj th  slip-   'Qt  Q6r +Q
"                    (3)r  , i-gie 25 page velocity the parameter
[err]valid over    3                                           1,364,926
3 increases. It was hitherto considered that the velocity corresponding to
[err] that is to the  55 slippage velocity was constant along the entire
points on the curve 13. In the same manner, length of a producing well,
even when the  it was possible to plot curves giving the water hold-up
varied. The curves of Figure  slippage velocity as a function of the para-
5 2 show  that this method of interpretation  meter [err] for different
values of y (curves gives erroneous results, especially for low   14 to 21
of Figure  2).                   60 flow-rates in which the slippage
velocity is    Using the curves 13 to 21 which define relatively high
compared with the average  the function velocity of flow of the fluid..
[err] 10    The curve 13, plotted for a water hold- up y= 1, corresponds to
the speed of an oil  it is possible, in accordance with the inven- bubble
in static water. Laboratory experiments  tion, to determine the slippage
velocity [err]  65 have made it possible to verify that the speed In fact,
'knowing the water hold-up given by a of an oil bubble in water depended
mainly  densitometer or :a gradiomanometer lowered 15  on the density
difference between the water  into the well one will be able to select one
of and the oil and on the surface tension of the  the curves 13 to 21.
Also, knowing the para- bubbles. The viscosity of the oil is  also in-
meter [err] one will be able to define a point  70 



volved, but less significantly, and it is pos-  of the selected curve whose
ordinate will sible to use an average value without effect-  be the sought
slippage velocity. From  the 20  ing substantially the accuracy of the
results.  curves of Figure 2, it is also possible to The experimental
results are moreover very  formulate the equation close to those of the
theoretical study, which gives a bubble velocity of the form:
[err]                  75 [err] by means of the equations (5) 25  in which
K is a constant, g the acceleration  and (6).
80 of gravity, [err] the surface tension of the bubbles:   It has been
found that this function [err] the water-oil density difference, and [err]
the density of the water. It is seen that the            '[err] exact
determination of the slippage velocity 30  requires theoretically the
knowledge of  the  can be expressed mathematically by the equa- surface
tension  [err]. In practice, an average  tion: for an apparent density
difference Ap' conres-'pw2 / 35  ponding to the actual density difference
[err] for average values of viscosity and- surface  where K2 is a constant
and [err]' is given by tension.                                   the
equation mentioned previously.' It can be It has been found that the curve
13 (for  seen that [err] is only a particular case of this y= 1) can be
expressed mathematically by  general equation [err] obtained by replacing
40  the function:                                by the value 1.    90 As
it is practically impossible to obtain [err]                       the
value of the surface tension, two possi- [err]                bilities.
exist for determining the parameter [err] One  can measure the density
difference in which the parameter                       Ap at the surface
and correct this measured  95 value to take into account the temperature 1
and  pressure  conditions at the considered e[rr]
depth. One can then use this corrected value 35  (1+0.03 Log          of
the parameter [err] knowing that one is implicitly using average  values
for the sur- 100 where [err] is a constant and [err] is'the viscosity  face
tension and the viscosity. The other pos- 45  of the oil. It can be seen
that [err]p for  sibility is to determine the value of the'para- [err]=35
dynes/cm and [err] centipoise, average  meter [err] from surface
measurements of the conditions which are chosen arbitrarily  In total
flowrate [err]and water flowrate [err] practice, the parameter [err] is
very near to  and also from  a quantity coming from  a  105 the actual
density difference [err].            measurement of y made immediately over
the 50    Moreover, laboratory  experiments  have  production zone closest
to the surface this made it possible to show that, knowing the
measuremerit y corresponding to the surface parameter [err] it was possible
to plot a curve  flow. From  these values, [err] one giving the slippage
velocity as a function of  can determine the'slippage velocity by using
110 the water hold-up y, the maximum slippage  the equation (5). By means
of the curves    4                                          1364,926
4 of Figure 2, knowing ][err]one can  tion obtained for a total superficial
velocity _50 obtain the value of the parameter [err] applic-           -
- able over the entire length of the well. This [err]7.1/m/min, a water
hold-up y=0.6 and value obtained for the parameter [err] which  an apparent
density difference [err] 0.25. To 



5  then takes into account the surface tension  do this, one draws a line
32 joining the point and the viscosity, may not be. equal to  the  30 on
the axis 23 whose  ordinate is equal to actual density difference between
the phases.  7.1 to the point 31 defined on'the curve  55 Just as it is
possible, from the curves  of  family 26 by the values y=0.6 and [err=0.25.
Figure 2, to find the equation which relates  This  line intersects the
lines 24 and 25 10  the slippage velocity to the apparent density
difference and to the water hold-up, one can  at two points whose ordinates
are [err]=3.2 also solve the equations (5)  and  (6) graphic-      - ally.
In  order for this graphical  solution to  m/min and[err]3.9 m/min. be
applicable to all the casings of the well,    Conversely, by means of the
alignment chart  60 15  irrespective of their. internal area A, one  of
Figure 3, it is possible to determine the value of theparameter [err]
applicable over uses a parameter V, called the "superficial  the entire
length of the well if one knows velocity" and defined, as the flow per unit
- area. This superficial velocity is then inde  the values of [err]
corresponding to pendent of the dimensions of the casing, and 20  we have:
the same outflow. As the values [err] and  65 [err] are known for the flow
at the surface [err]                        and [err] measured on the
surface will intersect the vertical  line of abscissa y at a point de- The
superficial velocities of the water and  fining a curve of the  family 26
which corres- 25  of the oil are then given by the equa   ponds to the
sought value of [err]'. tions:                                        The
method of the invention thus makes it  75 possible to determine at
different depths the [err]
mined manually, either by calculation, or Figure 3 represents an alignment
chart graphically, as indicated above, although such 30  permitting the
graphical solution of the  equa-  manual determination falls outside the
scope tions (7) and (8) without passing in an  of the present patent. On
the other hand, for explicit manner through the intermediate value  more
complex cases, it will be necessary to 85 [err] This figure represents
from left to right, use automatic computation methods in accord- three axes
23,' 24 and 25, on  which are  ance with the present invention The method
of the invention is a method of operating a 35  located respectively the
values [err] and  computer to perform  automatic calculations. In fact, as
one knows all the relationships  90 [err]. A family of curves 26,
corresponding to  between the different parameters, they can be the
different values of [err], is intersected by  transformed into' program
form by specialists. vertical lines 27 corresponding to the different  The
computer can be either a general pur- values of the water hold-up y. To
each value  pose computer or a dedicated computer, in 40  of [err] there
thus corresponds a curve of  which case the calculations are carried out
95 the family 26 and to each value of y a point  by' means of 'electronic
circuits adapted to on this curve. If we know the total super-
automatically process signals representative of the total flowrate Qt and
of the water hold- ficial velocity [err] we need only join this  up y.
value, located on the axis on the left,to the    Figure 5 represents such
circuits. A signal 100 45  previously defined point of the curve of the
representative of y is applied to a calcula- family..26. This line
intersects the axes 24  tion circuit 33 to which is also applied a and 25
at two points which give respec-  signal representative of [err]. The
circuit 33 delivers an output signal proportional to tively the sought
values of [err] By             - way of example is shown the graphical
solu-             [err]            105 



5                                     1,364,926 the function f being
defined by the curves  ing into the computer for each depth first of Figure
2. The signal y is also applied  data representative of the total flowrate
[err] to a calculation circuit 34 adapted to deliver  and second data
representative of the hold-  65 an output signal proportional to y (1-y).
up y of one of the phases, operating the 5  The circuits 33 and 34 are
connected to the  computer to determine for each depth a inputs of another
calculation circuit 35 to  value of the slippage velocity [err] between
which is applied the value of the area A so  the two phases, as a function
of the said as to generate a signal representative of  second data y and of
a parameter [err] which  70 y (1-y) [err]. The signal y and a signal is a
function of the density difference be- 10 representative of Qt are also
applied to a  tween the two phases, operating the computer multiplication
circuit 36 whose output signal to determine the flowrate of one phase from
is proportional to yQt. The outputs of the  the obtained value of the
slippage velocity circuits 35 and 36 are connected to the input [err] and
from the first and second data re-  75 of a subtraction circuit 37 which
gives the  presentative respectively of the total flow- 15  difference of
these two signals; that is,  rate Qt and of the hold-up y, and finally
operating the computer to present said deter- [err].               mined
flowrate in physical form. 2. A method according to claim 1 charac-  80 The
signal [err] and the signal [err] are applied  terized in that the said
value of the slippage to a recorder 38 whose movement is a func-  velocity
[err] is obtained by operating the com- tion of the depth.
puter to solve the equation 20    Figure 4 represents a recording which may
be given by the recorder 38. This presenta-            [err] tion may also
be obtained by marking on a diagram the value of [err] obtained  f being a
function represented by the curves  85 graphically by means of the
alignment chart of of Figure 2. 25  Figure 3. On the left part is a
schematic re-    3. A method according to claim 2 charac- presentation of
the production well consisting  terized in that the parameter [err] is the
value of a casing 40, perforated opposite two pro-  of the density
difference between the phases duction zones 41 and 42. On the upper part
measured on the surface and corrected if  90 of the casing 40 is fixed the
lower end of a  necessary to take into account the tempera- 30  production
string 43. To the right of this  ture and pressure conditions of the well.
schematic representation there is a zone whose    4. A method according to
claim 2 charac- ordinate is graduated in depths and whose  terized in that
the parameter [err] is obtained abscissa is graduated in flowrate units
[err]/h, by determining a value of the slippage velocity  95 for example).
In this zone a first curve 44  e[rr] in a zone of the well where the total
35  has been plotted, representing the total flow-  flowrate [err] the
flowrate of one of the phases, rate [err] given for example by a spinner
flow-  and the hold-up y are known, and by using rate. A second curve 45
represents the water  this value of the slippage velocity to obtain
flowrate [err] calculated in accordance with the  the said parameter [err]
by operating the  100 method of the invention from the measure-  computer
to solve the said equation 40  ments of the flowmeter and a gradiomano-
meter for example. The zone located be-                [err] tween the
curves 44 and 45 thus represents the oil production of the well. By means
of    5. A method according to any one of such curves, one immediately sees
the nature  claims 1 to 4 characterized in that the deter- 



45  and the composition of the fluid produced  mination of the flowrate of
the water phase 105 by each zone. Thus, for example, the zone  [err] is
accomplished by operating the computer 42 is composed of a lower part which
pro-  to solve the equation: duces only water, a middle part which does not
produce any fluid and an upper part            [err] 50 which produces both
water and oil in the proportions of 20% water and 80% oil. These  in which
A is the area of the internal cross- curves thus give precise quantitative
informa-  section of the production well.     110 tion which is directly
utilizable and which    6. A method according to any one of in particular
makes it possible to determine  claims 1 to 4 characterized in that the
deter- 55  the operations to be performed to improve  mination of the oil
flowrate [err] is accom- the production and the yield of the well.  plished
by operating the computer to solve the equation:
115 WHAT WE CLAIM  IS:- 1. A method of operating a computer to        [err]
process well logging data in order to deter- 60 mine, in a two-phase,
water-oil, outflow, the  in which A is the area of the internal cross-
flowrate of one of the phases at different section of the production well.
depths of a production well, comprising feed-    7. A method of operating a
computer to    5                                       1 ,364,926 the
function f being defined by the curves  ing into the computer for each
depth first of Figure 2. The signal y is also applied  data representative
of the total flowrate Qt to a calculation circuit 34 adapted to deliver
and second data representative of  the hold-  65 an output signal
proportional to y (1-y).  up y of one of the phases, operating the 5  The
circuits 33 and 34 are connected to the  computer to determine 'for each
depth a inputs of another calculation circuit 35 to  value of the slippage
velocity V  between which is applied the value of the area A  so  the two
phases, as a function of the said as to generate a signal representative of
second data y and of a parameter [err] which  70 y (1-y) [err]. The signal
y and a signal is a function of the density difference be- 10
representative of Qt are also applied to a  tween the two phases, operating
the computer multiplication circuit 36 whose output signal to determine the
flowrate of one phase from is proportional to yQt. The outputs of the  the
obtained value of the slippage velocity circuits 35 and 36 are connected to
the input  [err] and from the first and second data re-  75 of a
subtraction circuit 37 which gives the  presentative respectively of the
total flow- 15 difference of these two signals; that is,  rate Qt and of
the hold-up y, and finally operating the computer to present said deter-
Qw=yQt-y (1-y) VA.               mined flowrate in physical form. 2. A
method according to claim 1 charac-  80 The signal [err] and the signal Qt
are applied  terized in that the said value of the slippage to a recorder
38 whose movement is a func-  velocity [err] is obtained by operating the
com- tion of the depth.                         puter to solve the equation
20    Figure 4 represents a recording which may be given by the recorder
38. This presenta-             [err] tion may also be obtained by marking
on a diagram  the value of [err] and Qt obtained  f being a function
represented by the curves  85 graphically by means of the alignment chart
of  of Figure 2. 25 Figure 3. On the left part is a schematic re-    3. A
method according to claim 2 charac- 



presentation of the production well consisting  terized in that the
parameter [err] is the value of a casing 40, perforated opposite two pro-
of the density difference between the phases duction zones 41 and 42. On
the upper part measured on the surface and corrected if  90 of the casing
40 is fixed the lower end of a  necessary to take into account the tempera-
30  production string 43. To the right of this  ture and pressure
conditions of the well. schematic representation there is a zone whose
4. A method according to claim 2 charac- ordinate is graduated in depths
and whose  terized in that the parameter [err] is obtained abscissa is
graduated in flowrate units [err]/h, by determining a value of the slippage
velocity  95 for example). In this zone a first curve 44  [err]in a zone of
the well where the total 35  has been plotted, representing the total flow-
flowrate [err] the flowrate of one of the phases, rate [err] given for
example by a spinner flow-  and the hold-up y are known, and by using rate.
A second curve 45 represents the water  this value of the slippage velocity
to obtain flowrate [err] calculated in accordance with the  the said
parameter [err] by operating the  100 method of the invention from the
measure-  computer to solve the said equation 40 ments of the flowmeter and
a gradiomano- meter for example. The zone located be-                 [err]
tween the curves 44 and 45 thus represents the oil production of the well.
By means of    5. A  method according to any one of such curves, one
immediately sees the nature  claims 1 to 4 characterized in that the deter-
45 and the composition of the fluid produced  mination of the flowrate of
the water phase  105 by each zone. Thus, for example, the zone  [err] is
accomplished by operating the computer 42 is composed of a lower part which
pro-  to solve the equation: duces only water, a middle part which does not
produce any fluid and an upper part            [err] 50 which produces both
water and oil in the proportions of 20% water and 80% oil. These  in which
A is the area of the internal cross- curves thus give precise quantitative
informa  section of the production well.       110 tion which is directly
utilizable and which    6. A  method according to any one of in particular
makes it possible to determine  claims 1 to 4 characterized in that the
deter- 55  the operations to be performed to improve  mination of the oil
flowrate [err] is accom- the production and the yield of the well.  plished
by operating the computer to solve the equation:
115 WHAT WE CLAIM IS: - 1. A method of operating a computer to
[err] process well logging data in order to deter- 60 mine, in a two-phase,
water-oil, outflow, the  in which A is the area of the internal cross-
flowrate of one of the phases at different  section of the production well.
depths of a production well, comprising feed-    7. A method of operating a
computer to    6                                             1,364,926
6 process well  logging  data in order to deter- as  illustrated  in the
accompanying draw- 5   described hereinbefore Agent for the  Applicants
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