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hereby declare the invention, for which we pray that a patent may be
granted to us, and the method by which it is to be performed 5     to be
particularly described in  and by the following statement:
5 This invention  relates to methods for   deriving from well logging data
signals representative of  parameters used in evaluating earth formatons.
In the field of oil prospecting,  the determnation of  oil-bearing strata
and the evaluation of hydrocarbons which can be moved and extracted can be
made on the basis  of data recorded in exploratory boreholes.
10 automatically comb ignals represent- ative of data obtained by well
logging 71.02767 granted, May2,1973 and published under No. 2,080,945 and
70.03544 granted March 13, 1972 and published under No. 2102,380, both
granted to Societe 15      de Prospection Electrique  schlumberger.
15 The present invention is relative to an automatic combining process
which may be preliminary to that described in the two preceding
patents,which process is intended to produce signals representative of
input parameters used to faciitate subsequent formation evaluation and to
increase the accuracy and the reliability of the results. 20          The
definitions of the terms used are explained in detail in  the two earlier
20 French patents. Well logging consists of recording as a function of
depth, certain values furnished by measuring instruments  moved along a
borehole.- The  recorded  information usually includes .the following: 1) -
the depth Z;                                                         25 2)
the diameter of the hole measured; 3).  .the apparent porosity [err] of the
formati me  by a neutron probe and expressed in   porosity units p.u.; 4)
the bulk density of a formation[err] 30           If [err]is used to
designate the density of the matrix, ie,of the formation assumed  30 to be
non-porous,- and-phe density of the fluids filling the pores, the
measurement of pb makes it possible to obtain an evaluation [err] of the
porosity by the formula; 5) The time [err] taken by an acoustic wave to
cover a given distance, or sonic 35 This measurement furnishes a third
estimation [err]  of the porosity by the formula: [err] (2)   



1,457,758                            2 in which [err]and [err] are the
times for travelling the same distance in the rock con- stituting the
matrix and in the fluid contained in the pores.. 6) The spontaneous
potential  SP expressed in millivolts;: 7) The natural gamma  radioactivity
GR expressed in A.P.I units. . 5        8) The true resistivity   R,
expressed in ohms [err]   This resistivity can be obtained either by
measuring an   uced current, [err] or by measuring a potential
difference-between two electrodes [err]It furnish an estimation of a
parameter[err] representing  the amount of water per unit' volume of the
formations,. by the formula: [err] 1 0     in which n is an exponent taking
on valus generally   between 1.8 and 2.2, and a constant coefficient
generally between 0.6 and 1. In non-argillacepous water-bearing formations
[err]is equal to the porosity. 9) The resistivity of the zone invaded by
the mud filtrate [err] in ohms[err]. This is measured through the potential
difference between two electrodes: [err] 15           Sw designates the
formation water content of the pores, also called the water  15 saturation,
i.e, the ratio of water volume to pore volume Likewise, [err] designates
the liquid or gaseous hydrocarbon content of the pores. [err]
(3) that is, all the pores are filled with fluid: water, oil or gas. 20
In the zone near  e borehole, which is invaded by the mud
filtrat,[err]designates  20 the mud filtrate saturation  and [err]the
residual hydrocarbon saturation. [err]                     (4) [err]
represents the proportion of irretrievable hydrocarbons while the
difference [err] represents the hydrocarbons which can be moved and
extracted. 25           One of the results sought in the evaluation of a
porous formation is the value of  25 the product [err]             which
represents, for each stratum, the proportion of the formation volume
occupied by rettievable hydrocarbons. The presence of hydrocarbons in a
formation greatly modifies certain measured parameters, in particular the
resistivity, because the resistivity of hydrocarbons is much 30      higher
than the resistivity [err]  of the formation water.                 \30
However, the nature of the minerals constituting the matrix of the rock
gives rise to very subsrtantial variations in the measurements, in
particular the presence of clay (Cl) in all its forms:  colloidal clay or
clay loam. Potential hydrorbons can be found in rock formations made up 35
of one or more minerals such as limestone, dolomite or sandstones with no
clay  or   35 with. clay in various amounts, and in sands also with or
without clay, the clay being usually associated with shale. It can be found
convenient to distinguish between two basic models corresponding to the two
different situations above for evaluating the formations : formations of
unknown lithology with clay and shaly sand formations. 40          In the
case where the lithology is not accurately known, variations due to the  40
hydrocarbons and to lithological factors can occur in the same or opposite
direction so that,to be able to determine with good accuracy which strata
contain hydro- carbons and- to be able to evaluate the retrievable volume
of hydrocarbon it would be desirable, using' signals representative of well
logging data obtand and 4 xnbid - 45      ing them, to determine the
lithology of the strata, and such input parameters as clay  45 proportion,
clay and formation water parameters, and parameters to calibrate some of
the measurements, particularly those from the porosity measuring tools so
that the values of porosity [er] given by the different instruments are the
same. In shaly sands, although the minerals of the formation are
essentially known, the 50      amounts of silt and wet clay associated with
shale are not generally known. It would  50 thus be desirable by
automatically combining signals representative of well loging 



data to determine such input parameters as the neutron and density derived
porosity for wet clay, maximum resistivity of shales, neutron derived
porosity for hard shales, maximum porosity of the formation and others as
well as calibration parameters to 55      correct such measurements of
hydrogen content and bulk density.                    55 In the two earlier
French patents, a description was given of methods for the automatic
combining of signals representative of well logging measurements which
3.  1,457,758
3 requird  such input  parameters as a preliminary step to detailed
evaluation of  the formation at successive depth levels. the general object
of the present methods for producing signals representative of  input
parameters used in evaluating earth formations by auto- 5   matically
combining signals which are. derived from well logging measurements of    5
various earth formation characteristics. According to one aspect  of the
invention, there is provided a method for produc ing at least one signal
representative of a parameter for evaluating an earth formation traversed
by a borehole comprising the steps of: lO          a) deriving a plurality
of clay parameter signals providing different respective    10
representations  varying with the clay content of an earth formation at a
plurality of depth levels over a borehole section from measurements of a
plurality of formation characteristis; b) combining said clay parameter
signals to, determine a best clay or clean zone 15      including at least
one of said depth levels in the section; and                 15 c)
deriving at least one signal representative of an input parameter for
evaluating the formation from at least one measurement of a formation
characteristic in said best zone. According to another aspect of-the
invention, there is provided a method for 20       evaluating earth
formations  traversed by a borehole, comprising:                        20
a). derivng signals  from measurements of a plurality of earth formation
charac- teristics at depth levels in a borehole section; b) combining a
plurality of the derived   s   over the  borehole section to determine at
least one  statistically extremum value of these combined   signals; 25 c)
deriving from  at least one of the                 d   signals which led
to- said    25 extremum value a   discriminating          ationship which
can be used to select at least one set of depth  levels in  the borehole
section; -and d) combining a plurality of the  signals derived from the
depth levels of the selected set to produce at least one input parameter
signal valid over the borehole 30       section for evaluating   the the
formation.                                                 30 A first
descriptionis  given below of the various stages of a particular procedure
for a  situation where the formation lithology is not well known. While
this particular method could be carried out on an analog signal combining
device, it is preferred that it be carried out on an appropriately
programmed general purpose digital computer. 35           A second
description is then given of the application
35 to a shaly sand type formation. The  invention will  now be described,
by way of example only, with reference to  the  appended drawings,of
which: Fig. 1 represents a graphic combination of the measurements of [err]
and [err] for 40       various minerals commonly found in earth formations;
40 Figs. 2 to 10 represents charts depicting  successive signal
determinations and combinations for carrying out one aspect of the
invention according to the first description;    . 



Fig. 11 illustrates an exploring apparatus for deriving well logging
measurements 45       and associated apparatus for recoding and processing
the masaurents.                  45 Figs. 12,13 and 14 are crossplots of
certain  measurements useful in describing features of the present
invention in accordance with the second description Figs.15 to 26 represent
flow  rts depicting successive signal determinations and combinations for
carrying out another aspect of the invention according to the 50
second description.
50 Referring to  fig. 11, there is shown an investigating apparatus 420
located in a borehole 421,on the end of a multi-conductor cable 422 whic is
raised  and lowered in a borehole by a suitable drum and winch mechanism
(not  shown)   Investigating apparatus 420 includes exploring devices for:
obtaining measurements of the acoustic travel time, [err]bulk density the
porosity    derived from a neutron exloring      55 device;the natural
gamma ray count, GR, of a formation; the diameter of a borehole, caliper;
the spontaneous potential, SP; deep and shallow resistivities, [err] and
[err] An acustic exploring device for deriving a measure of [err] can be
found in U.S. Patent No. 3,231,041 granted to F. P. Kokesh on January 25,
1966. An example of an 60      exploring device for obtaining a measure for
the neutron derived porosity [err] can be    60 found in  U.S. Patent No.
2,769,918 granted C.W. Tittle on November 6, 1956. An exploring device for
obtaining a measure of the  bulk density can be foundin U.S. Patent No.
3,321,625 granted onMay 23, 1967 to John S.Wabi. An exploring device for
obtaining measurements of the spontaneous potential and deep and shallow
resistivity can be found in U.S. Patent No. 3,453,530 granted to  G. Attali
on July l, 1969. Measurement signals derived from the exploring device 420
are transmitted to. a suitable processing circuit 425 at the surface of the
earth Signal processing circuits 5       425 prepare the signal  for
application to a digital tape recorder 426 which converts. the well logging
signals to digital form for recording on magnetic tape. The resulting
magnetic tape is either carried to digital  computer 427 or the data
tranmitted via a telemetry link to the digital computer which is programmed
to data in a manner to provide valuable information relative  to the
nature of  the earth  formation. Stage I:  input of information. 65
Stage II:  calibrations inlow porosity formations.
65    5                                                  5 Stage III:
determination of argillaceous strata and clay parameters. Stage IV:
calibration in water-bearing formations. Stage I -Input of  Information Fig
.3 represents  the  general  flow chart of Stage I :. ..input of
information. 5           A first item of  information is the minimum and
maximum depth between which         5 falls the borehole length to be
studied, in the case where  the study must include only one portion of the
borehole (block 1) Block 2  represents the reading of the measurements made
in the borehole. These readings have been previously corrected to take into
account the diameter of the bore 10       hole and the possible presence of
a mudcake along the walls..                        10 These corrections are
made from nomograms which indicate the variations in the readings brought
about by variations in diameter. The measurements made are those which
correspond  to regularly spaced depth levels for example every 30
centimeters or every foot. 



15         Block 3 represents the values of the constant parameters which
are recorded for    15 each geological stage are determined by a
preliminary analysis of the borehole data. These parameters are: Z1 and Z2:
limit depths of each geological stage previously marked. 20           T:
temperature  ,at different levels.
20 [err]: known  mud  filtrate resistvity. This resistivity  aries with
temperature according to the formula: [err] in which [err] is the
resistivity at 75f and TF  the temperature in degrees 25       Fahrenheit.
25 [err] resistivity of formation water if known. This resistivity also
vaies with temperature according to the formula (8). If [err] is not known
with accuracy, we enter an approximated value, [err]. [err]which are the
maximum and minimum matrix densities present in 30       the borehole. The
lithology of the trarsed formations is suffciently known so that these
densities an be determined. In general, the minerals present, in addition
to clay are sandstone, whose matrix density is about 2.65 or limestone with
a density  [err]=2.7l or dolomite with a density [err]=2.87. 35       For
the sands, the matrix density [err]can vary according to their composition:
35 the average density of the sands is entered if it  is known. [err]  and
[err]      are the matrix  porosities read   on the neutron probe for the
end matrices corresponding to [err]and  [err]   These values are also
known. For limestone,[err]because the neutron probe is calibrated for
limestone 40               For dolomite,[err]               40 For quartz
sand,  [err] p.u. [err] density of hydrocarbons. If the type of
hydrocarbons present is known, this information can be given  Otherwise we
take [err]=0.7 for the oil, but the actual values can be much lower in the
case of gas.                           - 45         We also indicate, if
they   are known, the levels at which are  located the major  45 geological
contacts between two  geological stages of a   different nature. that the
values of the cons       ameters  are recorded for each geological stage
for the entire borehole length. After the parameters have been recorced,
the information reading stage is ended and the program  proceeds to 50
Stage II                 50 Stage II-Calibrations in the low porosity
formations The purpose of this stages is to find the low porosity levelsof
anhydrite salt or compact rocks if these exist and  to  use the readings in
these levels to calibrate the porosity measuring instruments. 55
This stage is dividedinto two phases:           -
55 Phase II: phase for determining the low porosity levels. Phase 112:
correction of measurentsfrom readings corresponding to the low porosity
formations.    6                                         1,457,758
6 phase II[ERR] Fig. 4 represents the flow chart of the phase IL Block 4
represents three indices NxS, NxAN and NxPD which designate the number of
levels of salt, anhydrite and of compact forations respectively which have
5       been noted. At the beginning of Stage II these three indices are.
set  to zero.  The 



stored information is read, block 4a. Then for each item of information, we
first determine whether the depth level is in the geological stage, i.e.,
whether the depth Z is between Z[err]  and [err] (block 5). If the depth
level is outside  the geological stage, it is first asked if all the data
has been used, and if it has not the information from 10      the next
geological stage is read and the depth level is processed using the
information  10 from the proper geological interval. If the depth level
is-within the geological stage, doubtful information is eliminated by
cutting out all  redings which correspond to levels  which the diameter
exceeds a certain limit or  to levels in which the  parameter  [err], which
is recorded at the same 15      time as the density pb shows a measurement
which is likely to have an error (block 6).  15 Next,[err] is computed
using Eq.7 (block 6a). We determine whether [err] is lower than 5 porosity
units. IF such is not the case we go on tothe next level.If such is the
case, we determine whether [err] (block 8). In the affirmative, the
corresponding level can be  salt or anhydrite. 20           We determine
whether it is salt.by successively cheking  whether the   measured
20 density Pb is between 2 and 2.1 (block 9), whether  the  measured
radioactivity GR<20 (block 10) and whether the acoustic travel time [err]
(block  11) If these con- ditions are all met, it can be concluded that a
salt level is involved. In this case, we increase the index NxS by one unit
and store the density and  the porosity measured 25      for this level,
which correspond to the                salt: [err] salt and [err]salt
25 (block 12). If the  density [err] is not between 2 and 2.1, NO answer
from decision element 9, we determine    ther an anhydrite stratum is
involved, i.e., whether simultaneously pb>2.9 (block 13), GR<20 (block 14)
and 48<[err]<52 (block 15). If the answer to these three questions is
affirmative, it is concluded that an anhydrite 30      level is involved.
30 The index NxAN is increased by one unit and the corresponding
measurements [err]     which represent a   measurement in the anhydrite
(block 16) are stored If the block 8 has determined that [err]while being
lower than 5, was higher 35      than 1, we determine whether the level is
a compact formation such as limestone or        35 dolomite. Such
formations exhibit a high resistivity, higher than 1000 times [err] and a
total density [err]2.60. Blocks 17 and 18 determine whether these two condi
are verified simul- taneously. 40           If the number of levels
available is relatively limited we conserve all the levels for  40 which
the porosity measured by the neutron probe [err] p.u. If, on the other
hand, may measurements are available, correspoding to compact formations,
we make a more severe selection and retain only the  levels  for which the
porosity[err]is less than or equal to [err] being the lowest  of  the
porosity 45       values measured, which can be negative (block 19).45 An
index NxPD is increased by one unit if all the conditions are met (block
10). The measured value of [err] PD and At are also recorded. Phase [err]is
pursued until all the data are used and then the program proceeds to Phase
II,. 50       Phase II[err]: Fig 5 reprsents the  flow chart of this phase
which is designed to calibrate the porosity and density reading instruments
from the information obtained in the low porosity levels which have been
marked and recorded during the phase II[ERR]. Block 21 determines whether
the number of anhydrite levels is sufficientto  lead 55      to
statistically valid results, for example greater than 20.
55 If such is the case, a first correction  of the measurement instruments
is carried out. We determine the  statistical maximum [ERR]of all  the
values of [ERR]measured in the  anhydrite levels and we make a scale shift
d [ERR] of the measurements of pb so that 



[err]=2.98 which is the correct reading of the anhydrite 60
Likewise, we calculate the statistical minimum [err]  of all the porosity
measure-  60 ments made with the neutron probe for all the anhydrite levels
and we adopt a calibra- tion [err] of [err]such that [err]=0.005. We also
calibrate the instrument measuring the acoustic travel time [err] so that
7                                          1,457,758 the statistical
minimum  [err]min of all the values measured in the anhydrite strata
becomes equal to 50 after a scale shift d [err]. if the borehole has gone
through a thick zone of anhydrite, for example at least meters .thick,i.e,
having at least 10 successive measurements noted as corresponding 5
to anhydrite, we note the value of the conductivity, CIL  measured by the
induction  5 probe or the averageof the conductivity values and, if the
difference between the diameter of the borehole and the diameter of the
drill bit is smaller than 2 inches, we make an origin shift d CIL such that
ClL+d CIL=0. All these operations are represented in the flow chart by
block 22. 10           A general technique for finding the statistical
maximum of a parameter is tofind  10 or compute  the maximum of the
function: [err] where  a is a positive coefficient andn is a positive
exponent, for example 2. The subroutine for performing this operation is
shown in fig. 5a. 15           Referring to Fig. 5a, the subroutine is
entered, block 250 and the parameters   15 MAX, [err]and [err] are
initially set to 0, block 251. MAX represents the maximum computed value of
the function [err]is the ru    sum of the function[err]. The first depth
level is considered by setting i and j equal to 1, block 252 and 254. Then,
the difference  in the value of the parameters at depth levels i and j
which 20       are indicated by [err] respectively, is computed, block 256
after which decision  20 element 258 asks if this difference is equal or
greater than 0. If it is, sign 0.If is set equal to  + 1, block 260 and if
not, sign (i, j) is set ..equal to -1, block 262. The function sign (i, j)
25       can now be computed for the levels corresponding to i and j and
added to [err] which     25 is the sum of the functions computed for the
previous j levels. This is indicated in block 264. Next, decision element
266 asks if j=N, i.e., if all the levels j have been considered, and if
not, j is incremented block 268 while i remains constant for the next
computation.. After all N levels have been considered by incrementing j and
maintain- 30      ing i constant,.[err]is  set equal to the sum of the
function computed in block 264, as  30 represented by block 268. Next
decision element 270 asks if [err] is greater than MAX and if it is, MAX is
set equal to [err] block 272. Decision element 2.74 next ass if i equals N,
that is if i has been varied over al N depth levels of interest. If not, i
is incremented, block, 272 and theprogram  returns to consider the next i
depth level 35       with all j depth levels. This continues until all the
depth levels have been considered  35 after which the maximum value. [err]
equal to MAX for the entire computations is taken as the statistical maxi
value he the parameter of interst block 278 and  the program returns, block
280. To  compute the statistical minimum of a  parameter, the same
procedure is 40       followed   except  that the value sign (i, j) is
taken as opposite that of the difference     40 [err]Thus in flow chart of
Fig. 5a,after decision element 258, sign (i, j) would be set equal to + 1.
if [err] is less than zero and sign (i,j)would be set equal minus one if
[err]is equal to or greaterhan zero. Block 23 indicates that the value 1 is
given to an index IT[err]indicating that a 



45       calibration was made in the anhydrite.
45 If the response of''the block 21  is negative, the total  thickness of
anhydrite is insufficient for a valid calibration, and the block 24
determines whether the number of compact levels  detected NxPD is
sufficent, for example higher than 20. If affirmative, bloch 25 indicates
the calculations caried out. 50           We calculate the average value of
all the porosity measurements[err] obtained by      50 the neutron probe in
the compact formations. We also calculate, for each compact formation, a
porosity value [err]  from the resistivity measurement,[err]and an approxi-
mate value of [err]by te formula (7) with,for example, n=2.15 and a=0.62
and we determine the average of all these values [err] For each compact
stratum, we calculate 55      the matrix density [err] from  the total
density measurement pb and from the          55 calculated value of [err]by
the formula:    1,457,758                                     8 [err] which
formula is derived from the formula (1) by replacing [err] We then
determine the statistical maximum[err]statisical minimum [err] of all these
vlues of [err]and we calculate range of variations 5       [err]
5 Block 26 indicates that an index IT=1 is recorded indicating that a
calibration is made in the compact levels. Block 27 indicates that a
calibration d [err] made   the neutron probe. The scale shift d  [err]  is
taken equal to the difference between the average value 10      of [err]
and the average value of[err] in the compact format    so that the average
of          10 the measurements of [err]after correction        equal to
the average of the values of[err] Rt. Before calibrating the density
measuringinstrument  block 28 determines whether the variation range
[err]0.17.These limits corres 15      pond to the difference between the
matrix densities of the dolomite and of the lime-     15 stone  which is
0.16. If the response of  block 28 is affirmative, we deduce that compact
formations contain levels of limestone and levels of dolomite in the pure
state. Block 28a indicates that we then carry out the calibration of the
measuring 20       instrument forthe density [err]by shifting the scale by
a quantity [err]such that [err] 20 is equal to 2.87, i.e. to the density of
the dolomite. Simultaneously, [err]becomes equal to 2.71 since D [err]is
essentially equal to 0.16. If the response of block 28 is negative, block
29 detes whether D [err] is small, for example smaller than 0.05. 25
If the response is affirmative, the compact formations are composed of a
single  25 mineral: limestone or dolomite. To determine the nature of this
mineral, it is necessary to measure the acoustic travel time [err] from
which we determine the acoustic travel time in the matrix [err] by the
formula: 30                                  [err]
(10)         30 in which formuls [err] is the known acoustic travel time in
the fluid which fills the pores and   [err] indicates the corrected value
of the porosity measurement by the neutron probe. Block 30 indicates the
calculation of the average value of all -the values of [err] in 35      the
compact formations.
35 Block 31 determines whether the average [err]is smaller than 44. If it
i, the compaction formations are dolomite. 



Block 32 indicates that the density measuring instrument must  be
calibrated using a correction d [err] such that[err] 40        If the
response of block 31 is negative, block 33 determines whether the average
40 value of [err] is between 47 and 49. If it is, the compact formations
are  limestone strata. Block 34 indicates that the density measuring
instrument must be calibrated using a correction d [err] such that
[err]=2.71 Coming back to block 29, a negative response means that the
compact formations 45       are  composed of mixtures of limestone and
dolomite.                                    45 The functon of block 35 is
to determine whether the limestone or the dolomite are predominant in this
mixture. To accomplish this, the respective weights of the statistical
maximum and minimum of [err]are compared. If the limestone is predominant,
the histogram of the values of [err] eibit an 50       accumuation in the
neighborhood of the statistical  minimum whereas this accumula-50 tion is
located in the vicinity  of the statistical maximum if the dolomite is
predominant. To differentiate these two  ses, we assign the statistical
minimum and maximum a weight function: :    9
1,457,758 in which xil is  the statistical minimum or maximum of all the
values of[err] is the ordinate of the histogram, i.e., the frequency of the
values. The function P thus corresponds to the integration of the histogram
over an interval 0.03 wide on either side of the statistical minimum  and
maximum. 5           If block 35 determines that the weight of [err]is
lower than that of [err]      5 the matrix of the compact formations is
composed mainly of limestone and the measurement of [err] is calibrated in
the limestone (block 34). on the other hand, the weight of [err]  is higher
than that of [err] the  the matrix  of the compact formations is composed
mainly of dolomite and the 10       measurement of [err]is calibrated in
the dolomite (block 32 .                           10 Before  recording the
correction dpb of the density measurement determined by block 32  or block
34, the  block 36 determines whether this correction is smaller than
0.05.If it is, the correction is recorded (block 37.) By contrast,if
d[err]it is concluded that the value is too high and that an 15       error
is to be  feared.                                          15 In this case
the  calibration in the compact formations  is reected  (block 38) and the
operations are pursued working with the salt levels If the response block
24 is negative, or after having carried out the calibrations in the
andydrite levels and/or in the compact formations, block 39 determines
whether the number of salt levels sufficient. If the reply is affirmative,
a correction d Pb iS  20 made in the density measuring instrument so that
the statistical minimum Pb obtained in the salt is equal to the correct
reading for the salt, or 2.03.The index ITS  is given the value 1 to
indicate that a correction has been made in the salt (block 40). In the
case where the borehole traverses both anhydride and  salt, we  thus obtain
25       a double calibration of the measurements of [err] at the two ends
of the scale.If these  25 two  calibrations are identical then suffincient
to make  a scale shift. On the other hand, if they do not  correspond, it
is necessary to introduce at the same time a multi plying coeffcient C or a
sensitivity coefficient for the measurements of [err] so that they
correspond and, in this case, the calibration of the density measuring
instrument iS 30.      finished.
30 Block 41 determines if there has already been a calibration in the
anhydrite, in which case we go on to  Stage  III.           3 Block 42 also
determines whether a calibration has been made in the compact 



formations in which case we go on to the next stage. 35              On the
other hand, calibration has been  made in the anhydrite, nor in the   35
the statisical minimum [err]of all the values of [err] measured  by the
neutron probe in the salt levels and  we make a correction d [err] such
that [err] Stage 40         e, we have calibrated measuring instrumets for
porosity, density  possibly   for acoustic travel time by shifting the zero
of the If both anhydrite and salt  exist in a sufficient thickness, the
density calibration is completed and the only possible unknown- calibration
remaining is a scale multiplying 45      factor of the porosity
measurements by the neutron probe.            45 Stage III-Determining clay
levels and clay parameters clays do not have specific properties which can
be measured by logging making  it difficult to detect the very argillaceous
levels and to obtain the clay parameters. -  To  identify the clay levels,
it is necessary to  use the  simultaneous variations   of 50   several clay
indicators
50 Thanks to the calculation of an optimizing function in  which all these
indicators aretaken in to account, it is possible to determine which levels
are the most argillaceous and which are very probaly composed of pure
clay,and to derive a value of the clay parameters utlizalde in te rest of
the operations. 55        The measurments made in the borehole contain
certain parameters and make             55 it possible to calculate other
parameters which vary as a function  of the presence of clay and which are
generally maximum or minimum in  pure clay indicators are selected from
among these variable parameters. The variable parameters taken into
consideration are the following: 60           a) the natural  measured
gamma radioactivity GR  which in general, is maximum                   60
b)   the clay depending on the polarity;    1,457,758
10 c) the calculated product GRx[err] in which [err] is the porosity
measured by the neutron probe. To avoid the causes of error which could be
due to radioactive formations all measurements of GR higher than 150 are
eliminated. 5         The product GR.[err] is maximum in the clay. d) the
apparent matrix density [err] calculated according to the formula: [err] in
which [err] are the density and the neutron porosity measured and [err] is
the density of the filtrate present  pores, which is known. The density
[err]is mxi- 10       mum  in the clay. To avoid errors due to other
formations having a high density,    10 the low porosity. levels are
eliminated by making a cut on the small values of[err]. The anhydrite
strata have been noted during the Phase II and are already eliminated.
e)The  ratio [err]which is minimum in the clay. Since the calculation of
[err] requires that we know the matrix density [err] which generally is not
known the 15       following equivalent parameter is calculated: [err]
(where A and B are contants typically set at 3.05 and 0.20 respectively)
which para- meter is also minimum  inthe clay. f) the calculated ratio:
[err] in which expression [err]is the measurement of the acoustic travel
time in the formation, 



[err]the acoustic travel time in the fluid which fills the pores and [err]
the density of the [err] mud filtrates. This ratio is minimum in the clay.
25           g) the calculated ratio:
25 [err] (where C and D  are constants, typically 3.05 and 20 respectively)
which ratio is minimum in the clay. h) the measured diameter of. the
borehole d, maximum in the clay. 30           The Stage III includes
several phases.                                                30 -Phase
III[err]for selecting the best clay indicators. -Phase III[err]for
determining the most argillaceous level or best clay zone and the least
argillaceous level or best clean zone of each interval. -Phase III[err]for
determining   the clay parameters. 35      Phase III:
35 The purpose of Phase  III [err]is to select, from among the eight
variable parmeters sensitive to the presence of clay, the best clay
indicators of which there are at least two. In the chosen example, the
number-of clay indicators is taken equal to at least five to improve
accuracy. 40           This selection  is obtained by calculating mutual
correlation-coefficients of the    40 parameters and by retaining those
which have the best correlation between them. If we consider two variable
parameters x and y, whose values corresponding to a level i are [err] the
correlation coefficient Cxy between these two parametes is calculated by
the known formula:    11                                        1,457,758
[err] in which' x and y are the average values. It is known that the
correlation is perfect if Cxy is close to 1, poor if [err] good if C>0.5
and that there is an anti-correlation if C<-0.5. 5           In the example
shown, we calculate for each geological stage the mutual correla- tion
coefficient between each pair of variable parameters sensitive to clay. It
would also be possible to calculate the correlation coefficients by
intervals within each stage. We construct a square matrix of which each
line and each column corresponds to one of the variable parameers and we
place in the box corresponding to each intersection 10      the mutual
correlation coefficient between the two parameters  corresponding to the
10 line and to the column. We takethe sum of the absolute values of each
line.The pivot indicator is the one having the maxim    sum.  We consider
the two parametes corresponding to the two highest sums of absolute values.
We keep as the  best  day indicators the para- 15      meters which have a
correlation coefficient with the two best parameters higher than  15 0.6 in
absolute value. if the number of indicators thus selected is not equal to
at least five we retain the best five indicators having the best
correlation coefficents with the two selected parameters - We determine at
the same time the polarity of S.P. from the sign of the coefficient 20.
of correlation between S.P and the pivot indicator.
20 The pivot indicator is assigned a    positive sign if it is  m  in the
clay and a negative sign in the opposite case. The polarity of the
spontaneous potential in the clays has the same sign as the product of the
sign of the pivot indicator multiplied by the mutual correlation
coefficient between S.P. and the said pivot indicator. 25           To say
that S.P. has a positive polarity means that its value in the days is
higher  25 



than in the clean formations and that it has a maximum value in the days
and vice versa if the polarity is negative. Phase III[err] Each geological
unit is divided into intervals ofa given height for example 30
intervals of 250 feet or 75 meters.
30 The purpose of phase III isto determine in each interval, the most
argillaceous level or best clay zone and the least argillaceous level or
best clean zone. It is considered that these levels are those which
optimize a choice function in the calculation of which are included the
values of the selected clay indicators. 35          It is first necessary
to make these  indicators comparable by normalizing their  35 variation.
The normalized   variation is obtained by dividing the variations by a
normalization coefficient. We first calculate, in each interval, the
statistical maximum and minimum of each of the clay indicators k and the
range of variation Dk equal to the difference between 40       this maximum
and this minimum. 40 The statistical maximum and minimum of a clay
indicator k are the values xkl and xk2 which give the maximum value to a
function: [err] in which a is a positive coefficient and n a positive
exponent. In general, we choose 45       n=2.             .
45 The sign is the same as that of the difference [err]for the calculation
of the statistical  maximum and the opposite of that of the difference
[err] for the calculation of the statistical minimum. The variation range
Dk of a clay indicator k in an interval is equal to [err] 50       The
variations of the different indicators are normalized by dividing each of
them by  50 a normalization coefficient Nk whose absolute value is chosen
such that the normalized variation range of each indicator is the same and
equal to n units of variation.    1,457,758
12 [err] However, for each clay indicator, we set a minimum variation range
[err] corres- ponding to n units. If the variation range of the said
indicator is smaller than [err]we 5       choose as the absolute value of
the normalization coefficient [err] The  normalization coefficient is
assigned a positive sign if the corresponding clay indicator has a maximum
value in the clay and a negative sign if the clay indicator has a minimum
value in the clay. 10           For the indicator consisting of  the
diameter of the hole measured in inches, the  10 value of the. normalizon
coefficient is set equal to .5..if we use a normalized variation range
equal to 30 units, the minimum  values of[err]for the other indicators are
as follows:  SP=60 mv; GR 75  API; GR=30;   [err] N'=0.60; M=0.18; M'=0.42
15        After this operation                   variations of the
different clay dicator     15 we come to the operations for determining the
most argillaceous level and the least argillaceous level of  each interval.
- For each level i of the interval, we calculate the function [err] 20
where F'(ij) is chosen as:
20 [err] and a is a positive coefficient and  n a positive exponent,for
example 1 or 2.P'[err]is the sum of 'the values of F' (i, j) when i is
fixed and j takes on successively all thevalues 



of the interval,and sign (i, j)is assigned a value -1,0 or 1 depending on
the sign of 25      the normalized variation defined bow.25 We choose as
the most argillaceous level and as the least   argillaceous level of each
interval those which give the function P'(i) its maximum value. most
argillaceous level or best clay  zone is the one which gives the maximum
value of the function P'(i) in which the foliowing  values are to the sign
30       expression (i,j):30 35       value of the function P'(i) in which
the  following values are given to the sign  35 expression (i, j):    -1
if  ...            for several indicators k. [err] The determination of the
most argillaceous level and the least argillaceous level is similar to the
determination of the statistical maximum and the statistical minimum of 5
all the values of a single indicator.
5 What is involved is determining the statistical maximum and minimum of
the clay proportions furnished by several different indicators after having
normalized the information furnished by these different indicators to make
them comparable to each other. 10      Phase. III: [err]  Determination of
clay parameters                                      10 Having determined
the most argillaceous level of each interval, we calculate the apparent
matrix density [err]of each of these levels according to the formula (12)
and we consider the largest apparent density thus found, called [err] and
we designate the level and the interval to which it belongs.as the pivot
level and interval. It. would 15      also be possible to calcuate other
parameters for all themost argillaceous levels, for          15 example the
parameter M  according to the formula (14). Three cases are to be
considered: If [err] or if corresponding M<0.65, we consider that the pivot
level is composed of pure clay and   e parameters [err] 20      [err]
corresponding to the pivot level are retained  as values of the clay
parameters for  20 the entire pivot interval. -If [err] <2.9 and M>0.68, we
consider that throughout the studied geological stage, there is no
sufficiently argillaceous formation to allow the valid calculations of the
clay parameters and, in this case the clay parameters must be 25     taken
from a file.
25 [err] that the apparent density of the pure clay in the pivot interval
[err] From this value, and from the value of [err]and the value of the
apparent matrix density [err] in the pivot interval, which is we calculate
by linear interpolation the caly percentage [err]   of the pivot level 30
according to the approximate for
30 in which GR[err] is the gamma radioactivity in  the matrix of the pivot
interval, which is known. other  parameters for the entire interval may be
determined  as follows: [err] is 40       set equal to the spontaneous
potential measured at the pivot level. [err] is determined  40 by:
1,457,758                                 14 [err] where [err] is acoustic
transit time for pivot level and [err] is  the acoustic transit 



time for the matrix rocks in  the interval. 15           -For each of the
intervals     than the  pivot inerval, we      the of the apparent density
[err] calculated for the most argillaceous level of the interval. Two cases
are to be considered: -If [err] and [err]0.05 whichever is larger,[err]
being either the value found for the. pivot level if this value is higher
than 3, or 3 in the 20 the parameters for the corresponding interval are
taken as being equal to the value at this level. If the preced  condition
is not met, we calculate the clay percentage [err] of the most
argillaceous  level  of the interval by linear interpolation,assuming that
the 25       apparent density of the clay of this level is the one which
was found for the pivot level  25 [err] and by using the known apparent
matrix density of  the   corresponding interval [err] [err] If the value of
[err] this calculated is higher than 0.60, it is considered that the 30
corresponding level is sufficiently argillaceous to allow the calculation
of the values of       30 the valid clay parameters. These parameters,
valid for the entire interval, are computed as before for the pivot level,
from the known formulas expressing the clay percentages as a function of
the different parameters. 35           By contrast, for the spontaneous
potential, we use as the value of the spontaneous  35 potential in the clay
SP[err]valid for the entire interval, the value measured for the most
argillaceous level of the interval because beyond a clay content 0.60, the
spontaneous potential remains substantially constant. If the clay
proportion of the most argillaceous  of an interval s smaller than 40
0.60, we consider thatthere is no  sufficiently argillaceous level in the
interval to allow          40 a valid computation of the clay parameters
and, in this case, the clay parameters of the    15
1,457,758                                      15 interval are computed by
the linear interpolation of the values of the clay parameters Of the
intervals located on either side  If what is involved is an interval
located at one end of the geological stage,we choose as the values of the
clay parameters of this interval those of the adjacent  interval. 5
Detenation of [err]from GR:
5 The purpose of the Phase III[err] is also to provide a first approximate
evaluation of the clay proportion [err] contained in each level. It is
known that an approximate upper limit of the clay proportion [err] of the
natural gamma radioactivity of this level by linear interpolation from
gamma radio- 10      activity values in the pure clays, is []err] and in
the forns without clay, GR.        10 according to the formula (5). The
following technique makes it possible to determine with good accuracy the
values of GR[err]and [err]along the borehole. We consider all the values of
GR measured for all the least argillacous levels 15     of each interval.
We determine  the smallest of these values, that is [err]      15 Likwise,
we consider all  the values of GR measured for all the most argillaceous
levels of  each interval and we calculate the largest of these values,
namely [err] We use these values GR[err] and GR to determine over the
entire borehole the reference lines of the  values of [err] and of: [err]We
first look for all the intervals 20      for which the measured value of GR
remains 'statistically stable over a thickness of at  20 least 10 feet or 3
meters.  We consider this condition to be fulfilled if the standard 



deviation[err] remains smaller than a limit, for example 2 If this stable
value is near the value GR[err]we consider the said thickness as a 25
formation without day and the corresponding value of GR as a measurement of
GR[err]     25 If this stable value is near [err] we consider the stable
value GR: as a measure- ment of GR[err] For example; we consider that the
values of GR which are higher than GR[err] by an amount smaller than
one-fifth of the deviation between GR[err] and GR[err] 30       correspond
to clean formations, that is[err]                         30 If, in an
interval, there is no stable value of GR sufficiently close to GR[err] and
GR[err]then GR[err]and GR[err]are used  as GR[err] of and GR[err] We
determine the continuous reference lines of the values of GR[err] and of 40
in the following manner:
40 The lowest of the values of GR[err]is extended on either side up to the
next stable value of GRp[err]Then, the same is done for the value of [err]
immediately above and so on until we have obtained a continuous step line
over the entire length of the bore- hole, which serves as the reference
line forthe values  of [err]in the argillaceous 45       formations.
45 In the same manner, we determine a continuous reference line or baseline
of the values of GR[err] corresponding to the clean formations. We first
extend each section corresponding to GR[err] over the entire extent of a
permeable bed whose limits are  defined by constant readings of SP equal to
the read- 50       ings in the day.
50 In the  same manner, the continuous line of GR[err] is obtained by
combining the voids beginning  with the smallest value of [err]. For each
level (i) it is thus possible to calculate [err] using the values of
GR[err] and [err] given  by the  two reference lines thus determined.
1,457,758                                     16 Determination of [err]
from SP An approximate upper limit of the clay proporation  contained in a
level (i)  can also be derived from the measuremenf the spontaneous
potentil in the said level SP[err]byinear interpolation from, on the one
hand, the values of  the spontaneous 5      potential in the day SP  [err
which constitute the base line and, on the other,   the clean  5
formations, and this is called the static spontaneous potential or SSP. The
formula used in the following: [err] Whenever the measurement SP remains
statistically constant,the standard devia- 10      tion [err] being lower
than  O.5 mv  over at least 8 feet or 2.50 meter or lower than 1.2  my  10
over at least 16 feet or 5 meters,we consider that the measurement
corresponds  to the base line  or  to the  static spontaneous potential.
For each of these sections, we calculate the apparent matrix density value
found with  the density of the density of the clay [err] previously
calculated. If the difference [err]is  near zero for example, lower than
0.05 and if at the same time the     15 clay proportion [err]calculated
from the measurements of GR is greater than 50%, we consider the
corresponding value of SP to be the measurement of SP in the clay To be on
the safe side, it is possible to add other conditions, for example the 20
condition that the value of the indor M should be lower than 0.70.
20 If on the contrary, [err] and if [err]GRC20%, the corresponding value of
SP  is considered to be a measurement of SSP The base line of the
spontaneous potential in the argillaceous formations is the 



broken line which connects all the middles of the segments identified as
corresponding 25       to [err] The reference line for values of SSP is
determined by extending the SSP value for each section over the entire
extent of a permeable bed whose limits are defined by two clay beds on
opposite sides of the permeable  bed. The clay  beds are descrbed as.
bying-constant MSP.red     equal ,to t!he readig ings clay. lTs iS
Mthesame- 30       cedure as used in extendg the ,base line for GRar sTe
vohsbetween th:eSSF bm       30 line are filled in as descibed above. The
deflections of the static spontaneous potential, .I.P, the deviations
between the value of the static spontaneous potential and the base value.
of the spontaneous potential, ae -read, .f.m the base -line thus, plotted.
For the .,,eauation a' the clay 35       percentage, consideration  v
olytoth e intervalsin whichhe.  dections .o          35 3SP are negive
,and. smar thin-30mv. In conclusion, Stage m makes it possible tocalculate
for eahi.nterva an approxi mate value of -the  ay
ay denity eb c, cly. neutron porosity
R  c-idy ,,istzin-, Rt c,, ,nantu   g   radiation GR, in the day, 40
spontaneous potential inthe day S    and acoustic transit time in the dlay
4M. These  40 values are used. as input values, in a more detailed p
which has already been des~cribed in earlle pa~ten~t.
appictin..,,..:,'-,,..;.-..,... Stage mI alsc ket psie tO determine  ively
accurate values of the para- meters GRo and SSP; correspondig to thlevs
without clay and, fromthese value,    . 45       to calculate the clay
proportion V01 in each level.                                45 On the
basis of- tiscalcul:ation, it is possible to determine the lowlay -levels
which.are used in Siage iVito calibtet       trueint for the measienent of
neutzon porosity *, and buk densitypi. Figs. 6 and 7 repres.ent.th  low
chart of the: operations whih constitudte     0 50.      Stage IIL
,,-..                   50 Phase m.-: Block 44 represents the caulations
making it, possible to,. cculate: the. corration cfficient :of each.
variable .parametr x- with each of the other parameters yi over the extent
of a geological stalge.                                -       : 55
For each-of the parameters k, we calculate, for all the: levels ioaf a
geological  55 stage: 1) the sum Y'x(I, of thevaluesof the said paramete.:
2) the sum-, x'1i, of the squiares of, the values of the' said parameter.
1 7 .    18                                   1,457,758
18 Phase III[err] is then pursued for the detemination of the most
argillaceous levels and the least Each geological stage is divided into
intervals of a given thickness, for example into intervals of 250 we
determine  the most argillaceous level and the least 5
argillaceous level for each  interval.
5 For each  interval,we read the information level by level (block 56) Cuts
are made to eliminate all the levels corresponding to anhydrite,salt,coal
or compact formations  which were determined  during stage II.we also
eliminate the levels corresponding to values of GR higher than a  limit
for example 150 API units and the levels for which the porosity measured by
the neutron probe is low.            10 



For example, we take only the levels for  which [err]porosity units.
Likewise, we take only the levels for which the ratio  [err]   between
certain limits, for example between 0.5 and 2. 15          Block 58
represents the storage of the adopted information. Owing  to the abund-
ance of this information, only one information item out of two is stedin
order to reduce the calculations. ock 59 d, afer each level, whether the
thickness of the interval considered is reached.If not  block 60 determines
whether the limits of  the con 20       sidered geological stage have been
reached. If this is not the case we form a loop 61  20 to go on to the next
level.                                   - If blocks 59 and 60 determine
that the limits of the interval or of the geological stage are reached, the
reading of information relative to an interval is terminated and the
program is pursued by calculating the statistical optima of theon d 25
The flow chart of this calculation is  shown in fig.7
25 For each level i of the interval, we determine the value of the function
P'[err] and we determine for which level i the function  P'[err] has a
maximum value. The calcula- tion is substantially the same for determining
the most argillaceous level and the least argillaceous level. 30
In both cases, we look for the maximum of a function.
30 where F'[err] is given by Equation 18. We then go from the calculation
of the most argillaceous level to the calculation of the least argillaceous
level by modifying only the value of the sign NK. 35           Fig. 7
represents the calculation of the most argillaceous level.           35
Block 62 represents the values at the beginning of the interval. The
function P,=0. SM.   represents an index  which corresponds   to the number
oftimes the expression Dk/Nk is negative Dk/Nk is the normalized  variation
of an indicator. 40                   We consider  two levels iand j ofthe
interval and aclay indicator k.                  40 We first calculate the
difference [err]that is the difference  between the values of the indicator
k for the levels i and j (block 63). We then calculate the normalized
variation [err] 45           Block 65 detemines whether the nomalized
variation is positive or negative.   45 If it is negative, block 66
calculates the absolute value Dk       Dk [err] (The operation of block 70
will be explained below). If it is positive [err]    19
1,457,758 Block 68 calculates the -new partial sum: [err] that is, block 68
adds to the preceding value [err]' the value [err] 5      furnished by
block 66 or block 67.                5.. A loop 69 is made to take into
account the values corresponding to the levels i and j furnished by all the
indicators k. When the loop is completed, block 68 furnishes Dk [err]
corresponding to the two levels i and j. 



10          It is thus possible to compute the function:
10 [err] by choosing for a a positive  value, for example 1 and for n, a
positive value, for example 1. It is seen that Equation 18' is Equation 18
in rewritten form. We next'have to ompute: 15
[err]                                             15 If block 65 has
determined that Dk [err] block 70 calculates a new value of SM=SM'+1, SM'
beithe preceding value. Once the loop 69 has  been completed for all th
idicators k, we obtain a total 20       value of SM(i,j) for the two levels
i and j.                                           20 Block 71 determines
whether this value iS equal to 0, to 1 or is higher than 1. If SM[err]=0
that is for everyk, [err] In the case where the least  argillaceous level
is sought, we  replace  Nk by Nk and we record, in the same manner,
Dk/-Nk<O, and the sign of (ij) is etermined 30      in the same manner.
30 Knowing the value of sign (i,j) and of the function: [err] we compute
the product F'[err]"sign (i,j)    1,457,758
20 We compute each time a new partial sum: [err] sign [err](block75) [err]
being the preceding value. We then make a loop 76 for each of the levels j
of the interval When all the intervals j have been taken into account, the
sum represents 5                          [err]                           5
Block 77 compares this sum P'[err]with the maximum values of the same sum
found previously. If this value is smaller, it need not be recorded, and
the program form a loop 78 to scan all the levels i of the interval. 10
If the value P'[err`]
10 [err] is higher than the previously found maximum, it is recorded. At
the end of an interval, the level which corresponds to the maximum  of
P'[err] is the most argillaceous level or the least argillaceous  level of
the interval and it is 15     retained (block 79).
15 The program then executes a loop 80 for the next interval, and then a
loop 81 for the next geological stage, returningto block 44 Fig. 6. The
program is then pursued for the study of the stability of the gamma radio-
activity, of the  spontaneous potential and of the clay parameters. The
flow chart of 20      these operations which constitute phase III[err] is
shown in Fig.8.                     20 Referring now to Fig. 8, phase
III[err] is entered via block 150. The apparent matrix density [err]and the
parameter M  is computed using equations 12 and 14 respec- tively, for the
most argillaceous  vel in each interval, block 152. Next, the largest of
the apparent densities is selected and called [err] block 154. The level at
which 25      [err]is found is designated the pivot level and the interval
containing that level  25 is designated the pivot interval. The parameters
for the pivot interval are now computed. To this end, decision element 156
asks if [err]is greater than 3 or whether M is less than 0.65. If it is the



level is considered to be composed of pure clay and the values of the pa s
for 30      the pivot level[err]are retained as the clay parameters  for
the                30 entire pivot interval, block 158. If the answer is
NO, decision element 160 asks if [err]is less than 29 and whether M is
greater than 0.68. If the answer i YES, predetermined values of the
parameters are utilized as clay parameters for the interval, block 162. 35
If the answer from decision element 160 is NO, the clay parameters for the
35 interval  must be computed. To      end, [err]is  set equal to 3, block
164. From block 164, the program proceeds to block 166 where the clay
percentage is computed for the pivot level using equation 20. Next, the
clay par ameters vafor the ere pivot interval are determined First SP[err]
is set equal to the value of SP of the pivot 40      level. Then [err] and
are computed using equations 21 and          40 26-34. This operation is
represented by block  168. Either from blo  158, 162 or 168, the program
proceeds to block 172 where the operation of computing the clay parameters
for the other intervals is b  For the most argillaceous  level in each
interval, the apparent matrix density,[err] 45      computed using equation
12, block 172. Decison element 174 next asks if [err]       45 greater than
3 and if [err] is greater than [err] and if it is, the parameters for  the
interval are set equal tO the parameters for the most argillaceous level in
the interval, block 176. If the answer from decision element 174 is NO, the
value of [err] for  the most 50      argillaceous level, [err] is computed
using equation 22, block 177 after which decision  50 element 178 asks if
[err] is greater than 0.60 and if it is, the values for the clay para-
meters are computed using Equations 21and 26-34, block 180 and the value of
SP[err] is set equal to the value of the SP at the most argillaceous level
in the interval vablock 182. If the answer from decision element 178 is NO,
decision element 184 asks if the 55      interval under consideration is at
one end of a geological  stage. If it is,the clay para     55 meters for
the interval are set equal to those of the adjacent interval, block 176 and
21                                        1,457,758
21 if it is not, the clay  parameters are.:computed by linear
interpolation between the intervals  on either side of the-interval under
study, block   188. After each interval is preocessed, decision element,
asks if this is the last interval and  u, tisthetprogam. returns to,
blo&172- tq compute the paxametr.. 5      for the: next inerval. After all
the intervalshave been processed,,YES answerwfrom.   5 'deci  tsion   ment
190,h     next   eraines a-value, of V  for each depth. leve using the
gamma ray measurements. To this end, the. ,mimum-GR measured for all the
least argillaeous levels and the mamum GR, G     for a1 the *  most
argillaceous levels is determined, blocks 192 and 194 respectively. Next,
sections 10      of the interval are seectd for which the GR.does, .not
vary by more thani             10 block 196. These .ta.   are  cl      .
'Next dedsidoelent;l98 asks-if the difference :between GRi and GRmin-is
Iess than 02- (GR     OR-G.L, ) and- if it is, the value of GR in sands,
GR. is set equal to' 15      GR,, block 200. If the answer from decision
,element 198 is NO, decision element 202  15 *      determines if:GR
is-near GR,,,1 and if it is GRoGRin dayissetequal toR,.If the answer from
decision element 202 is NO, GREand G , arq    respectively t4 GRin13 and
GR,, block 204; If this is notr' thelast interval, NO answer from deciion
element 206, the -program returns to block 196 for processing of the next
interval. 20          After al the inhtervalshave been procesd,  alseoGR,
and GR0, are "                20 establishedt. TIeUbaselie fo   GR,  is
established byfir'st assigning the' vlue-of G' l computed for the lowest
depth level for all depth levels from'the lowest depth level in 



-   thie forE~ion up to the depth level at which the next stable value of
GRkI is computed. Then the next stable value of GRc is assigned to all
depth levels up to the depth 25     level atiwhich'the next stable value of
MG0c is.computed and so on until a value of    25 GR, I is asiigned to all
depth levels of interest. This iS represented by block 208. The baseline
for GR. is established by assigning values of GRE to all depth-levels in a
section of the borehole corresponding to a permeable bed in which the value
of GR is computed. The permeable bed can be defined as being bounded on
either side 30       by clay beds in which there, are constant readings. of
SP. The value of GRE for the  30 depth levels in the remainder of the
formation are then set using the same procedure as that described above for
setting the baseline of GRol. This.operation is represented by block 210
Knowing the value Of Giand GR01 ft eachidepth kiel,'the value V1,1 canbe 35
computed for. each depth level uing equatiQi 5, block 212.
35 The proportlon of clay at each depthlevel can alsobe determ Inedfrom tbe
spon- taneous potential measrents from knowledge of SP01 and SSP at each
depth level To determine the SSP and the: SPc of each depth level, a
bokehole interval having a statistically constant SP:is selected, as
representd by.Y 214. Next fo, the intervl 40       the values. of thepp
mye                                                        40 equation 12
lok216.- Then. dcisloix. *mn   1  ak   "ifd'h  difference- between SP and p
ai 'eiousj cuted foWI the inter is'          i.e. less than 0.05: and t
be~proportion of clay computedusing:'the GR  eauremen, Vc    .isgreater-s
50%. -It it is, SP iiset Wequal  the              SP, eblock220. If the
answer is 45       NO, decision element 222 asks j. the diercebetwe
and PP    is geater       45 a  than 0.30 and E V   isj less than 20% fthe
i anser  YES, SSP is set equal to SP, block 224. Te. analys   one secin of
consti SP is complete and decisioni el.dement':226::aslw if tb e last
section.' If iit is noz'the.program  returns to block v        ~~~214.-
After 'all secins- havebeen cosierd, YES aswer from decision element' 226,
50       the bseines of SPcj  and>; SSP a  set.
50- iFor the 'SP0  baseline, the values of SP0 at depth levels located
betweenthe depth levs at. which SP1 has been, set accordhin n   block 220.
arecomputed by *  considering the valties df SP0" set$-1y block 220 for the
depth lelsimmdiaey above *  and below the depth; lev f inter'est' and usI
lin'ear interpoltion tO find the value 55       of SP, at the depth level
of interest, block 228. The values for SSP are set as des-  55 . cribed
forsettig -the values of GRE  as represented by block 230. Then the
proportion of clay'from the SP mesuremnts  i,  -is, computed :usng equation
19 for those *  depth levels where SSP is less'than. -30millivolts, block
232. After which the program goes to  tage 4,.block 234. ' .    1,457,758
22 Stage IV            in water-bearing formations
water-bearing formations The purpose of this stage is to calibrate the
instruments used for porosity [err]  and density [err]using the
measurements obtained in the water-bearing low-clay formations, this
calibration completing the  one made in the compact forma- 5      tions and
possibly in the levels of anhydrite and salt. To perform  this calibration,
we compare the porosity reading  [err]with the porosity [err]  calculated
from the true resistivity measurements  by the formula(7): [err] To perform
the calculation of [err]it is necessary to know [err]: the resistivity of
10      water contained in the pores of the formations.
10 Two cases can arise. In the fist case, we know a value [err]
sufficiently dose to [err] and we shall then 



make [err] vary around [err]. If R, is not known, even  approximately, we
calculate a first approximate value,[err]from the static spontaneous
potential  SSP by the formula: [err] in which [err] is the resistivity
ofthe mud filtrate. We calculate a second  approximate value, [err] from
the maximum value of the ratio [err] by the formula: [err] where the
maximum isde termined by computing the statistical maximum of the value
[err] 25      for each depth level.
25 We choose as an approimate value[err]the smallest of the two values
[err]and [err]and we make [err]around [err] taking into account  variation
in [err] due to the increase  in temperature with depth. We calibrate by
using only the data relative to the low-clay, water-bearing levels, 30
which lead to the most reliable measurements.
30 We eliminate all the levels corresponding to compact formations, to
large hole diameters and to fast variations in measurements with depth. We
keep only the secti for which the deviation of the measurement of
spontaneous potential in relation to  the baseline of SSP is small, smaller
than 10 or 15 35      mv and for which, at the same time, the clay content
calculated from the measuement   35 Of SPe[rr]as well as the ay content cal
ted fro the  measurement of GRp[err] are smaller than 20%. For all these
levels, we calculate an approximate value of the.resistivity of the
formation water, R. ND, by the formula take from  formula 7: 40
[err]                                    40 in which [err]is the porosity
measured on the graph of[err] as a function of  by inter-    23:.
1,457,758, polation between the two curves corresponding to the end
matrices (see Fig. 1) and for pM>2.71.                          [err] We
calculate the statistical minimum [err] of all the values of [err] thus
calculated. We retain for the subsequent calibration only the levels for
which the resistivity 10     [err] is in the neighbourhood of this minimum,
for example, all the points for which      10 [err] which are clean levels,
without hydrocarbons,if [err]is lower than or not much  higher than[err]
This set of leverls can be classified in ters of increasing
percentage and if the number is high, or example, higher than 100, we use
only the first 100 15  We use these points to calibrate the neutron probe
which  measurement the porosity  15 [err]and tha measuring tool for
denisity [err] by successively optimizing several functions. During a first
stage we consider a function F which depends on the difference between the
following two values of porosity: 20                The  value
[err]indicated by the neutron probe after correction d [err]that is [err]
The value of [err] thus depends on d [err] 2) The value  [err] calculated
by the formula (7): [err] from the measurent of [err] and the value of
[err] This value   [err] thus depends 25       on [err]
25 



We compare the difference [err] with  the known values of the porosity of
the two end matrices [err] and[err]with[err] We make [err]  vary step by
step around the approximate value [err]or [err] pre viously calculated. For
example, we take a series of values equal to k [err]the coefficient 30
k varying between 0.5 and 2, in steps of 15% approimately    .
30 Likewise, we, give d [err]a. series of values located  on either side of
zero. For example,  we make d[err]vary in steps equal to 1 porosity unit
between units and +8 porosity units. To each pair of values k[err]there
corresponds, fora given level i a 35       value of the difference [err] We
calculate a function [err] having the folowing values: [err] 40
For each pair  of values d  [err]   we take the sum [err] for all the   40
water-bearing and low-clay levels chosen. We calculate the sum[err] for all
the possible pairs of values of d [err]. Once the calculations are
completed we note the pair of  ues whic   rresponds to the maximum of
[err]. We designate this pair of values by the symbols A for d [err] 45
and[err]                                                                 45
24                                  1,457,758
24 Two cases can occur. In a first case, we do not obtain a clear maximum,
i.e. the maximum value of [err] is obtained for end values d    or k R
or theobtained maximum is low in relation to the maximum value at the
limits, for example lower than 1.5 times 5       this value at the limits
.In  these    cases, it is      that tere   no precise        5 maximu. In
a second case, on the other hand, we obtain a very clear maximum  of [err]
for a pair of values [err]=A and [err] from the limits. In this second
case, we select the levels(j) for which [err] when [err] and 10       [err]
10 We calculate, for each level (j) a value [err] of the matrix density by
a formula similar  to the formula (9): [err] [err] that is [err]is the
value f [err] corrected by a quantity d [err] 15           [err] is the
known density of the  mud filtrate contained in the pores of the forma-  15
[err] is the value of the porosity calculated by the formula (7). [err] is
thus a function of [err]and of Like before, we make [err]and d [err] vary
step by step. For example, we choose for d [err] a- series of values
between -0.06 20       and +0.06 between which it varies in steps equal to
0.01.                               20 We calculate a function F'of
[err]having the following values: [err] 25       [err] are the densities of
the end matrices traversed by the borehole.         25 For each pair of
values   and of d [err] we compute the sum [err] for all the. levels j
selected. We note the maximum of [err] and the corresponding values of[err]
of [err]=B. 30          If [err] is close to [err] for example,[err]a
calibration      30 by a simple scale shift of [err] is valid. In this case
we compute a new value of the matrix density    by a formula similar to the
formula (12): (12') 



35           The value of [err] depends on the values of [err] and [err]
which are made to      35 vary step by step around zero as previously. We
consider the levels j selected previously and we calculate a function
F"e[rr] of [err]having the following values [err] or For each pair of
values of [err] and of [err] we calculate the sum [err] What is generally
obtained is a series of maxima of[err] corresponding to values of [err] and
of [err] related to each other by a linear relationship. 45           We
choose as the values for zero shift correction for the porosity and
density-   45    25                                        1,457,758
25 measurements the  maximum which corresponds to the pair of   values
[err] closest to [err] and [er]r The corrected  measurements  used for the
following operations are thus: [err] . Of course, if the, value [err]of the
formation water resistivity is known accurately, the values of d [err]and
of[err]corresponding to [err] are  chosen. If the difference between the
values of [err]and of [err]is not small, a simple zero shift correction is
not sufficient and it is necessary to introduce a sensitivity multi- plying
factor C  into  the measurement of porosity  .     10 This factor C IS Made
to vary step by step, for example in steps equal to 0.l, between the values
0.7 [err]and 1.4 [err] with [err] The value [err]depends on the values of d
[err] and C. All  the levels j  are still considered and we calculate the
function F"[err] equalto  + 1 if [err] is between the end  matrix densities
[err]and equal to -1 in the opposite case. 20          For each pair of
values of C and  of d[err] we calculate [err]
20 We note the maximum   of [err] and the value of C, called  [err] which
corresponds to this maximum We again calculate the matrix density: 25
with [err]We make d [err]vary step. We calculate for  25 each pair  of
values the [err]whose value is equal to +1if [err]is between and in the
opposite case we take the sum of [err] F"[err] and [err] we note the
maximum or maxima of this   sum. Generally, we obtain a seriesof   which
are aligned. We choose  the maximum which corresponds to a pair of values d
[err] and 30                                     t applied to the
measurements of [err] and of [err]. The corrected measurements  thus
become: [err] 35            In the case where the study of the sum
[err]has not a allowed  a very clear maxi-         35 mum to be found, we
select he levels  j' which lead to [err] when the estimated value e[rr] is
given to [err]. We then look for the pair of values of d [err]d [err]which
optimize the function [err] F"[err]with F"[err] equal [err] depending on
whether the value of [err] calculated by 40      formula (12) is located
between[err]and [err]or not.                                     40 A
family of maxima is geneally obtained. If a sufficiently  reliable value of
[err] is known,we choose [err]then the value  



26 d [err]which, associated with[err] leads to the maximum of and then the
value d [err] which, associated with [err]leadsto the maximum ofe[err] A
correction dpb greater than 0.05 is- improbable. If higher values are
found, We =0.05 and the corresponding correction [err]. In the case
where,during stage calibration has been made in the low-            5
formations the corrections [err]and [err]are smaller and we limit the
search for optima by  varting [err]and  by step between  [err] Once these
calibrations have been we know  an approximate value of [err] which is the
values of [err]and [err] of  all the most argillaceous levels, corrected
values of [err] and of[err] We determine the maximum value [err]of this set
of values. The corresponding level is considered to be composed of pure
clay if [err] or if the corresponding value of [err] 15          If the
value of[err] is higher than 2.90, we calculate the clay content [err]
15 interpolation. and then the clay parameters [err]in each given interval
of 250 feet, as described earlier. Figs. 9 and 10 represent the flow chart
Of the operations of stage IV. Block. 82 represents the slection  of the
low-clay levels for which the clay propor- 20      dons e[rr]computed in
phase [err]are lowerthan 0.2.                            20 Block 83
determines whether -a value Of [err]appears among the initial data. If the
affirmative, this value [err] is recorded (block 84) If no approximate
value is known, one is computed. We read the value of [err]appearing in the
initial data (block85). 25           Block 86 represents the-computation of
the first approximate value [err]from SSP.             -25 Block 87
determines whether we have a measurement If  we do, we com- pute a second
approximate value [err]from the maximum of the ratio [err]according to the
formula (24) (block 88). If we have no measurement  of[err] we choose
[err](block 92). 30           Finally, we take as an approximate value
[err] the smallest of the values [err]         30 and [err] (block 93).
Block 94 represents the beginning of the computation the optimization
function Block 95 represents the series  of values of [err] located on
either side of zero. 35           Block 96 represents the series of values
of [err]located on either side of [err]or     35 e[rr] Block 97 represents
the calculation of the function [err] for a level (i) and a pair of values
of d [err] and of [err]. 40     e preceding value of the partial
40 If [err]the block 100 determines whether  [err]If such is the case,
[err] The program  is pursued by a loop 103. When this loop is completed,we
obtain the sum[err](block 104)corresponding to a pair of values of[err]
45 The program is then pursued by a loop 105making  it possible to process
successively all the values of[err]without  modifying d[err]A new loop,106
then makes it possible to process successively all the values of d [err]
Finally, we record (block 107) the maximum value [err] and the values 50
d [err]=A  and [er]rwhich correspond to this value.
50 The rest of the program is hown in Fig 10. Block 108  determines whether
the  value Of [err] corresponds to an end value of the set of values of
[err]or the set of values of d [err] 



if not,block 109 determines whether the maximum value [err]
value  [err] is higher than 55      one and ahalf times the largest of the
values of [err]corresponding to the end values  55 of [err] or of d [err]
If the reply of block 108 is  affirmative or if the reply of block 109 is
negative,    27                                      1,457,758 there is no
sufficiently clear maximum  (block 110). ln this case, we selected the
levels j which correspond  to [err](block 111) For this set of points, .we
study :the optimiation of the  function [err]F" (block 112). This is
carried out as in blocks 94-407 (Fig. 9) with F"=[err] 5       (Eq. 12) In
the case where a clear  of the function [err] has been found corres-
ponding to the values d[err]which are not limit values we selected the
levels j  for which [err]when d [err]and [err](block 113) Block 114
represents the optmization calculations for the function [err] 10
This procedure is carried out in a manner similar tothat for obtaining  the
maximum  10 of the function [err] (Eq. 7 as represented by blocks 94 and
107. The function F'. is computed using Eq. 9 as a  function of [err] and
[err]. Values.of [err] and [err]are varied and the function.F' [err] is
assigned a value of '+1 or -1 dependent upon the relation- ship between
[err]and [err]and [err]For each of values is 15      the sum for all the
levels, selected.                                               15 Block
115 represents  the results of these calculations which lead to a maximum
of [err] for a pair of values d[err] and Block 116 represents  the
comparison  of [err]and [err] If these values are not very different, for
example less than  15%, it is possible to make a simple calibration 20
of [err]  by a scale   shift.The multiplying coefficient C=1 (block 117).
20 If, on the other hand,[err] are very different, it is necessary to
intro- duce into the calibration of  [err] a sensitivity coefficient C
which  is chosen to vary between 0.7 C. and 1.4 [err] with [err] 25
Bllock 1l9  represents the optimization of the function [err]F" [err]whose
25 calculations are identical to those described for the optimization of
the function [err] This calculation furnishes the value of the
multiplication coefficient [err] Block 120 likewise represents the
opimization calculations for the function [err] in which [err]  is given
values equal to [err] and d pb 30      are varied.
'                               30 Finally we determine the calibration
coefficients [err]and d  and the corrected measurements of and of
[err]which are used for the subsequent opera- tions are: [err] in which
[err] and [err] represent the values read on the logs(block 121). In
conclusion, the  ue just described provides operations preliminary to *
the  oerations  described in the French patent mentioned'. earlier, which
make it possible to obtain values ofthe clay parameters  the clay content,
and to make a 40       first calibration of measuring instruments for
prosity [err]  and for density [err] in forma-      40 tions having a
complex lithlogy. Of course, similar principles can be applied to other
cases such as for example oil or gas bearing shaly sand formations for
providing signals representative of input para- meters required for
evaluating these formations. One technique for such evaluation is 45
described in detail in the above mentioned French Patent 71.02767 granted
May 2,      45 1973 and published  under No. 2,080,945. A technique is
described herein- 



after to  automatically signals repesentative of well logging measurements
in shaly sand formations to provide input parameter for the evaluation
technique of this French patent and the terminology used in connection with
said shaly sand evaluation 50       techique is adhered to.           '
50 As explained in the French Patent 71.02767 (published  under No.
2,080,945),    various crossplots have been used to provide the input
parameters  required for the evaluaion technique disclosed therein. One of
these is a crossplot of the density derived porosity [err] versus the
neutron porosity[err] shown in Fig. 12. As shown therein, certain points
can readily be placed on the crossplot. It is known that in the water, 5
both the density and neutron derived porosities will be equal to 1.Thus,
the water point, W  can be placed on a crossplot It is also known that pure
silt, which is primarily quartz,will be at the same point as
quartz,designated Q-S  on the cross- plot and dry clay, designated [err]
will be at the                        A triangle can be drawn on the
crossplot connecting  these three points and in water bearing 10
formations, all plotted [err]points will fall within this triangle.
Furthermore the           10 relative distance  of a plotted point from the
three apexes of the triangle gives the relative proportions of water,silt
and quartz, and dry clay fo the formation from which this point is derived.
By plotting a plurality of [err]points from a formation interval,certain
charac- 15     teristics: of the formation can  be obtained. For
example,assume that a formation                  15 interval has produced
the plotted points shown in Fig 12.  Those points falling in the area X are
known to correspond to shale  formations and a line drawn from the origin
through the center of gravity of the shale points is designatd the shale
line. Since it is known that pure  shale has generally   almost no
effective porosity, the shale line 20      corresponds to zero porsity and
any point plotted On the shale line can be said to   20 have zero
porosity.The intersection of the shale line with the line   drawn between
the points [err] and W, provides the characteristic response for wet clay
associated with the shale  and is designated [err]. - Two required input
parameters, [err]and e[rr] are defined as the [err] and [err]values
respectively of the Clw point.The position of this 25      point
[err]relative  to the water and  dry clay points gives the amount of water
associ-  25 ated with clay [err]. It is known that clean sand formations
affect [err] and [err]equaly. Thus[err]  any points falling on or near
aline which subtends an angle of 45 'and  [err]and [err]axis are derived
from clean sand formations. This line is designated as the sand line.
Points 30      falling in the area Y between the sand and shale lines
correspond  to shaly sands.  30 These points  exhibit a definite trend
between the shale and sand line,  and a line which best fits these points
designated the shaly sand trend line can be drawn between the sand and
shale lines. The intersection of this shaly sand trend line with the sand
line defines another required input parameter  designated [err]which is the
maxi- 35      mum porosity associated with the formation under
consideration. The intersection of       35 the shaly sand  trend line with
shale line gives a point called the hard shale point designated [err]   The
fact that this trend line points toward a unique point on the shale line
indicates that the shale  normally associated wit -the sand has the
unique-composi- tion as a combination of wet clay and silt represented by
the point [err] The neutron 40      nd density derived porosity
characteristics for the shale designated at the [err]Point  40 are
designated[err] and  [err] respectively are two additional required input
parameters.Points   plotted in  the  area   Z  bove the clean sand line
most likely represent hydrocarbon bearing formations since hydrocarbons and
e  y  gas tend to decrease [err] and increase [err] 45          Thus by
using a  [err] crossplot a log analyst can select the input parameters.
45 



[err] In accordance with one feature of  the present technique, these
parameters  are selected..automatically. In addition to  the density and
neutron derived porosity redings, various indi- cators influenced by the
clay content and hereinfter referred to as shale indiators are 50
utilized in the analysis of shaly sand formations. Two of theseshale
indicators are  the  50 spontaneous potential and  gamma ray measurements
As disclosed in the above- mentioned French Patent, these measurements are
segregated into groups. Therefore, the evaluation technique disclosed
therein requires input parameters which provide disrimination between the
groups. spontaneous potential measurement associated with shale formations
and [err]is the SP  discriminator indicating an upper limit for the SP
measurements in shales. Similarly, [err]is the highest reliable
spoontaneous potential measurement associated with sand formations and
[err]is the SP  discriminator indicating a   lower limit for 60
spontaneous potential measurements in, sand formations. Considering, the
gamma-ray   60 measurements, [err]is the maximum gamma-ray measurement
associated with shale formations and DAX is the gamma-ray discriminator
providing a lower limit for the gamma ray values in shale formations.
GR[err] is the lowest reliable value of gamma-ray    29
1,457,758                                     2 measurements associated
with sand formations and DALIM a gamma-ray discriminator providing an
upper-limit for gamma-ray measurement in sand formations. As another
feature of.: this echnique, [err] [err]are automatically -determined. In
addition to the input parameters 5      discussed above other parameters
are required. One is the formation water resistivity,  5 [err] at the
formation. temperature and the formation depth level of interest. Another
is REC, the resistivity of clay and another is RESH, the maximum
resistivity of shales in the formation which is used as a shale
discriminator in the shaly sand analysis described in the referenced French
patent. In accordance with this technique, Rw, REC 10      and RESH are
automatically determined.                                               10
To increase the accuracy of the shaly sand analysis, zero shifts ZSN and
ZSD, may have to be applied to the neutron and density derived porosity
measurements,. respectively. As still another feature of this technique ZSN
and ZSD  are auto- matically determined. 15         The analysis of the
borehole measurements to automatically select the various  15 parameters
useful in the shaly sand interpretation techniques of the above-referenced
French patent can be carried out by considering the entire formation
interval Of interest as  a single. unit. However, it has been found to be
preferable to divide the formation interval into. a number of smaller
intervals, hereinafter called measurement 20      intervals, and obtain
input parameters for each of these intervals. The measurement  20 intervals
can be selected from a pre-interpretation of the well logging measurements
and other geological data bya log analyst. The analysis of the data is
carried out in four successive sweeps of the data. The first and second
sweeps are preliminary sweeps which are run to compute cutoff values 25
useful in the computation  of the input parameters. Sweeps three and four
are interpre-    25 tation sweeps during which the final values of the
required parameters are computed During the first sweep through the data, a
caliper discriminator,[err] is defined for each measurement interval in
order to determine bad sections of the bore- hole so that the density and
neutron derived porosity measurements obtained from .30      these sections
can be rejected during the subsequent sweeps. The caliper discriminator  30
is computed by taking the average and standard deviation of caliper
measurements, [err] respectively, at each depth level in the measurement
interval in 



accordance with well known mathematical techniques. If the standard
deviation is less than two inches, [err] is setequal to [err], while if the
standard deviation .35      is greater.than two inches, CAL is set equal to
[err]                  35 A discriminator used to  select clean water sands
is imputed during sweep 1 This discriminator is defined as follows: the
apparent water resistivity, [err] is a com- bination of the input
measurements such that [err]equals the water resistivity, [err] only in
clean water sand formations. In other formations [err]does not equal [err].
Thus 40       the apparent water resistivity [err] can be used to
characterize clean water sand depth  40 levels in the measurement interval.
[err]  at each depth level can be computed from different combinations of
measurements, and in particular in the following ways: a) from the [err]
measurements [err]                              (51) 45                  b)
From the [err] measurements                                             45
[err]                          (52) c) From the  [err] measurements where.:
. [err]is the mud filtrate resistivity. The standard deviation of all the
[err]measurements, defined as [err] can then 55       be computed by the
well known mathematical formula:                                 55
1,457,758                                       30 where:- [err]equals sum
of [err]values computed using equations 51-55. N equals the number of
methods used to compute [err]. Thus at each depth level in the forma- tion,
the value of [err] can be computed. In order to compare the values of [err]
at different depth levels of [err]the formation [err] normalized, called
is then found: 5                               [err]
(57)          5 where: [err] is the value of water resistivity preselected
for the measurement interval from known formation characteristics as is
well known in the art. Theoretically, the value of [err] should equal zero
in clean water sand formations since the values of [err] computed using
equations 51-55 should be equal in these 10      formations. In shales,
shaly sand and hydrocarbon bearing formations, the values of   10 [err]
computed using equations 51-55 will differ from each other and [err] will
be greater than 0. In practice, it has been found that the value of [err]
will not equal zero even in clean water sands due to measurement errors and
other perturbing influences. However, [err] is a minimum in clean water
sands and a limit value of [err] 15       called [err] can be used as a
discriminator for determining  ean water sand        15 formations. As
described above, one of the features of the above identified French Patent
is the use of certain borehole measurements as shale indicators for the
interpretation of shaly sand formations.- During sweep 1, each measurement
interval is analyzed to 20      determine whether the measurements are good
shale indicators within an interval.      20 To this end, the following day
or shale indicators are considered: 1) Ratio of the density derived
porosity to the neutron derived porosity, [err] 2) Difference between  the
neutron derived porosity and the density derived porosity, [err] 25
3) Gamma-ray measurements, GR;
25 4) Gamma-ray measurements normalized for bulk density, GRN  equal to
[err] 5) Spontaneous potential measurement SP, and 6) A lithology
dependent parameter, XM, which is equal to [err] 30       Greater detail as
to this parameter can be had by reference to U.S. Patent 3,590,228  30
issued to Burke on June 29, 1971, and to the pamphlet entitled,
"Schlumberger  Log 



Interpretation" Volume  1-Principles published in 1972). These. shale
indicators are correlated for each measurement interval in the same way as
described in connection with Stage [err] of the previously described
technique, 35       using the following equation for the correlation
function, analogous if not identical to  35 equation 16: - After all the
correlation coefficients have been computed, the highest value of the
correlation coefficient is selected to identify the pair of shale
indicators providing the 40       best correlation. The correlation of the
other pairs of shale indicators is then checked  40 against the correlation
of the best pair of shale indicators to determine whether other shale
indicators are acceptable and reliable. Once the correlation coefficients
for a measurement interval have been analyzed, new  variables can be
defined for that interval by combining the availability of the shale 45
indicator and' its reliability in the interval These variables are:
45 XDN=1 when [err]  is a good shale indicator; XSP=l when SP is available,
a good' shale  indicator and correlates negatively with shale content, ie.,
has a negative polarity; XSP=-1 for reversed SP and SP is available and a
good  shale indicator, i.e. SP  has a positive  polarity;
50 XGR=l when GR is available and a good  shale indicator; XGR=2 when
normalized GR provides a better shale indication than GR; XDT=1 when [err]
is availible and XM  is a good shale indicator. When any of the
measurements are not good indicators, the value of the associated 55
variable is set equal to 0.                  -
55 For each measurement interval, sweep one identifies a best shale zone, a
zone    31                                        1,457,758
31 '' being at least four consecutive depth levels  said best shale zone
corresponding to most argillaceous  levels;-as determined  in  a manner
essentially analogous to those of Stage [err] of the first previously
described technique.  The  [err] measurements in that. zone are  used to
compute minimum [err]and maximum[err]. In 5      addition, if the
gamma-ray is a good shale indicator in the interval, the gamma ray  5
measurement in the best shale zone identified as [err] Similarly, if XM is
a good shale indicator in the interval, XM in the best shale zone is
identified as [err] If the spontaneous potential is  a.good shale indicator
in the interval, a minimum SP, SP[err] is identified in the best shale
zone. However, if the reverse SP is indicated for the 10      interval then
the maximum, SP, SP[err] is identified as the value of the SP in the best
shale zone. The best clean sand zone  is also identified as including least
argillaceous levels for the interval and the minimum, R,, the maximum
[err]the minimum GR, [err] the maximum XM,  [err] and maximum or minimum
spontaneous potential, 15      [err]depending on whether the SP: is
reversed in the  measurement interval,  15 are  determined from that zone.
In determining the best shale or sand zones the same statistical technique
as described earlier inconnection with Stage [err] is used to identify
zones for which the indicators are maximum or minimum  The indicators are
made comparable by 20       nor g  their variations as previously described
for Stage [err] the statistical      20 maximum  and minimum of each of the
clay indicators being obtained by using equation (17). Then, for each zone,
i, of the interval, the function P'[err]sign (i, j) is computed where F'(i,
j) is defined by equation (18) and we choose as the best shale 25
zone and as the best sand zone of each interval those which give the
function P'(i) its  25 



maximum value under the same conditions as indicated in Stage [err] for the
most and the least argillacous depth  levels. Once the  best shale and sand
zones are determined, the following parameters can be determined for the
measurement interval : 30                    a) Gamma-Ray for shales, [err]
30 [err]                    (59) b)  Spontaneous potential in shale, [err]
For reversed SP 35                                                 (60a)
35 [err] [err] from the best clean  sand zone,the gamma-ray  and
spontaneeous potential in clean 40      sands for the measurement
interval,[err]respectively is set equal to [err]    40 and
[err]respctively. If the interval exhibits a reversed SP, SP[err]is set
equal to To check the values of [err] computed  for each measurement
interval the maximum [err] called [err]and   minimum [err]   called
computed 45       for .all the measurement intervals is selected. Any value
of GRSD greater than 1.2  45 [err] and any value of [err] less than 0.8
[err]is rejected. Similarly, the minimum [err]  entire logging  interval is
selected and a cutoff for clean sands [err] is computed as [err]. It may be
found that various parameters cannot be computed for certain 50
measurement intervals. If this occurs the values of the omitted parameters
for a   50 particular interval can be inserted once 'all the  measurement
intervals have been analyzed according to the following procedure. First,
if the parameter is not computed    1,457,758
32 for the lowest measurement interval, the value of. the parameter in the
lowest measure- ment -interval is set  equal  to the value of the parameter
at- the next higher interval where it has been reliably computed. In any
other interval where the parameter has not been computed, it is given the
value of -the next previous deeper interval Where it 5      has been
computed. If the parameter has not been computed for any  measurement
intervals, a preselected value of the parameter can be assigned for all
intervals. In the case of parameters relating to gamma-ray, spontaneous
potential or sonic measure- ments, no values are assigned to an interval
where the measurement is unreliable as determined by the shale indicator
correlation. 10          Once the sand and  shale parameters have been
determined for each measurement        10 interval, first apprmate values
for sand and shale discriminators based on  the SP and GR measurements can
be computed using the following equations: II. Gamma-ray a) Shale
discriminator:  DAX 15                            [err]
(66)          15 b) Sand discriminator: DALIM [err] . Spontaneous Potential
a) Shale discriminator: SP[err] 20                            [err]
(68)         20 b) Sand discriminator:[err] (69) These values of
discriminators can be used against GR and --SP measurements throughout the
interval to-select more shaly depth levels on the one hand and cleaner 25
depth levels on the other.
25 



During the second sweep of the data, the default value of clay resistivity
REC and maximum resistivity in shales, RESH, are computed. These parameters
are com- puted using a general statistical technique which is also utilized
for the computation of other required parameters. 30           Let us now
direct our attention to a general discussion of this statistical technique.
30 The relationship between the value of a particular parameter and the
number of times that the value of the parameter occurs within an interval
of interest can be determined. This can be visualized by referring to
Figure 13. In Fig. 13 a value of I, representing the parameter plotted
along the abscissa and the number of times, N, 35       that a particular
value of the parameter occurs is plotted along the ordinate. Since the  35
total number of points is also known the value designated [err] can then be
ascertained. [err] is the lowest value of I which leaves at least 5% of the
total number plotted points below it provided additionally that the number
of points at locations below [err] is greater than a predetermined value.
Similarly, [err] is the highest value of I which 40      leaves at least 5%
of the total number of points above it.                            40
Alternatively, [err] can be found by building a frequency array compris-
ing a plurality of cells with the value of I representing an index value
for determining the location of a cell in the array. Preferably, I is
scaled to be functionally related to the parameter. Then each time a value
of I is computed, the number N in the cell 45       corresponding to I is
updated to reflect the total number of times that a particular  45 value of
I is computed. After the array is complete, it can be scanned to determine
[err]Then the value of the parameter corresponding  to [err] designated
[err] respectively, can be ascertained. Returning now to the determination
of RESH and REC, the value of the forma- 50       tion resistivity, [err]
derived for depth levels which appear to correspond to shale   50
formations is used to compute an index,I for a frequency array [err] After
all the data in the interval has been analyzed, [err] are determined and
REC and RESH are computed:    33               1,457,758 where
[err]correspond to the value of [err] at the cell locations [err] The value
of the caliper measurements in shale, CAL[err], is computed by building a
frequency array and computing the index as: 5 The  minimun value of  I,
[err] for the array is identified and [err] can then be computed as: [err]
where [err]is the value of CAL for the [err] location in the array 10
Using only those depth levels in the measurement interval  resonding to
clean      10 formations, as determined by the previously computed
discriminators, the parameter [err]  is computed by building a frequency
array with the index, I computed as [err] for [err]above the clean sand
line or, 15
(76)         15 for [err]ie., points below the clean sand line. At the end
of the interval, corresponding to [err] is determined and [err]   is
computed as: [err]                       (77) Next during sweep 2, the
compaction correction for the sonic (CP) and the shifts 20      to be
applied to density and neutron porosities (ZSD and ZSN) are computed. A
20 compaction correction factor, CP, for the sonic measurements can be
computed for 



every interval where the sonic measurements are available. For each clean
water sand depth level in the  measurementinterval, a running sum of [err]
and [err] and [err] respectively, is Computed. When all depth levels in the
interval have been considered, 25      the average of[err] and  [err] for
the N considered measurement is computed as:           25 [err] 30
When a compensated formation density logging device (FDC) is utilized to
obtain  30 measurements of formation bulk density, [err] for computation of
the density derived porosity [err]  a correction factor, [err]is
automatically  applied to the measured value to compensate  for errors
introduced by such borehole conditions as mudcake, roughness of the
borehole   or weight of the drilling mud. The values of  [err] infrontof
shale 35      formations with smooth holes and average drilling mud weight
should average zero.   35 Even in a borehole having adverse conditions, the
minimum  value of [err] should be approximately zero. If the [err] reading
is consistently high and is above zero in front of shales, this generally
signifies a miscalibration in the  FDC tool which must be con- sidered when
deriving the input parameters. The departure of [err] from zero can be 40
expressed as  zero shit of [err] (ZSDR).
40 To check the minimum value of [err]in shale formations, a frequency
array is built with index I computed as: [err]    for all shale depth
levels  a measuement interval. The value of [err]corresponding to [err]is
determined for the interval and ZSDR is computed as ZSDR= -0.006 [err]
82) A negative value of ZSDR indicates that the bulk density [err] has been
over-corrected 5       by [err]and that  the density derived  porosity
[err] is too low. (the wet sand porosity derived from the [err]
measurement), designated[err] and [err] respectivdy for clean water sand
levels over the entire logging interval are required. Therefore, at every
depth level corresponding to a clea  water  sand,  as determined by the
sand discriminators the sums of [err]and  [err]designated  10 If the bulk
density and neutron measurements  are well  calibrated and the matrix
formation then: [er]r where: [err] is the value of clay content of the
cleanest sand  in the formation previously sected by the log analyst
alcordig to geological condititos; mvingV and 25      #Dm(AVI are the
averageo te rand ih  on    the rD h reasplo m(g  2intenrals, computeld  25
from t0e preliminaoy valtueso orcl,  ta determined during Stweept L
.:'.   point -; If the clay content of the cleanest sands is zero tibn
[err] A variable [err] can now be defined as: [err] [err]   provides a
measure of how far  the average of the [err][err]points  fall from  the
clean sand line. Since in clean  sands, the average  of the  [err]and
[err]points should fall on or near the clean sand line, the value, of [err]
provides a measure of the calibration error of the neutron and density
measurements. 35         T  check the calibration error,[err]is compound
using equation(89).If [err]equals       35 zero,the calibrations  are
assumed to be correct and  [err] than zero,.indicating that the[err]point
is above the clean sand line,[err]is recalculated assuming that[err]equals
zero. This is equivalent to moving the [err] point to the right on the
[err] crossplot (Fig. 12) parallel to the shale 40      line. If [err] is
now equal to or less than zero indicating that the [err] point  40 is on or
to the right of the clean sand line, the calibration of the neutron
and:density 



35               1,457,758
35 measurement is assumed correct.However, if[err] is still greater than.
zero, then it is assumed that either the neutron or density measurement is
incorrectly calibrated. The decision on which of the density or neutron is
incorrect is made as follows: Prior to the selection of the input
parameters, the log analyst may have applied a zero shift to 5     either
the neutron or bulk density measurements. If input shifts were applied so
as to  5 increase the density derived  porosity and decrease the neutron
porosity measurement, or if no input zero shift has been applied to either
the neutron or density measurement then the bulk density derived porosity
[err] is assumed to be in error and the density porosity must be changed by
ZSD=[err] If a negative input zero shift was applied to 10      [err] and
no input zero shift was applied to [err] it is assumed that N is in
errorand a  10 zero shift ZSN=[err] is applied to the neutron derived
porosity value of [err]. When [err]is less than zero, indicating that the
[err]point falls below the clean sand line, the decision on which of the
density or neutron is in error is made by assigning a weight to factors
which could have caused a calibration error on each 15      measurement.
15 The error factors considered in weighting of [err]are: (I)was an input
shift applied to [err]; (2) is the neutron measurement of side wall neutron
porosity SNP not mudcake corrected; (3) is the minimum CP for all intervals
less than 0.9 and (4) is [err]closer to [err] than to [err] For the
[err]measurement the following are 20      considered: (1) whether ZSDR is
negative and the weight of the drilling mud is     20 between 9.5 and 12
pounds; (2) whether [err] is closer to [err] than [err] and (3) whether an
input shift was applied to [err]and (4) whether [err] was computed using a
(grain densit) not equal to 2.65. The weights of the error factors for
e[rr] are compared and ZSN is set equal to. [err]if the weight for [err] is
equal to or greater 25      than the weight for [err]ZSD  is set equal to
[err] if the weight of errors for [err] exceeds   25 the weight of errors
for [err] After the zero shift of neutron and density measurements have
been determined the computed value of CP can be corrected according to:
[err] [err] 30          After computing parameters for all the measurement
intervals, conse cutive          30 intervals having similar parameters can
be grouped together. This grouping of intervals is desirable because the
techniques described in the above-mentioned French Patent require intervals
as long as possible. The following criteria are used to determine if two
consecutive intervals are 35      different: (1) the input [err]are
different; or (2) [err] are different; or (3) the values  35 of XDN or XSP
or XGR are different; or (4) the slopes of the shale line  [err] differ by
more than 0.07; or (5) the values of [err]differ by more than 15%; or (6)
the values of [err] differ by more than 15%; or (7) the values of CP differ
by more than 10%; or (8) the functions(REC [err] 1.5) differ by more than
30% 40       If these tests are passed, the consecutive intervals are
grouped by computing           40 average parameters for a new, combined
interval. These averagesare also weighted to reflect the number of
measurements  used in each interval to compute the parameter. The
parameters of the grouped interval are then compared  with the parameters
of the next consecutive interval to determine whether the next interval
should also be 45      grouped into the previous grouped interval. Sweep 3
of  this program is now executed. First final values of [err] are computed
for all the intervals including the newly grouped intervals. Using only
depth levels corresponding to shale formations two frequency arrays are
built. One 



corresponds to a pluraity of positions of the shale line and is computed
as: 50                                 [err] where[err]are optionally
modified by the shift ZSD and ZSN computed in the previous sweep. The other
array corresponds to a plurality of positions of the line which passes
through the clean water point W and the [err] point of interest and is
computed as: 55                            [err]
55    36                                 1,457,758
36 At the end of the interval, [err]corresponding to [err] for each array
is determined. For the first array, this corresponds to pivoting the shale
line (Fig. 12) counterdock - wise from  [err] equal to O until 5% of the
points are below the line. Th slope of the line at that position is
computed as: [err]                    (93)         5 For the second array
this corresponds to pivoting the line clockwise at  the water point until
5% of the points are to the right of the line. A parameter XCL representing
this line is computed as: 100 [err] 10           The values of [err]can be
computed by the intersection of these lines:      :          10 [err] The
hard shale point [err]is computed next. This is accomplished by building a
frequency array for shale points with the index computed as: 15
[err] After the array is built for all the shale levels in the measurement
interval, [err] determined. This corresponds to scanning the [err]crossplot
from left to riht with a line pivoted at [err]until 5%of the shale points
remain to the left of the line. The intersection of this line with  the
shale line gives the  value of [err] which can be 20       computed as:
20 [err] where: SLOPE is the slope of the shale line computed as above.
Also of interest of  the  water resistivity  [err] by different methods.
One                                              water 25      [err]
computed in clean sand levels.The value of [err] is preferably from three
25 porosity measurements, [err] and[err] by utilizing three frequency
arrays. Thus three indices are computed at each sand depth level: [err]
where: F is a temperature conversion factor. TEMP+7 82
(102) where: TEMP is the temperature in degrees Fahrenheit at the depth
level of interest. At the end of each interval, [err] and the corresponding
[err] for each array can be 35      determined and [err] computed as:
35 [err]                      (103)    37
1,457,758 for each array to provide [err] and water resistivities computed
from the minimum of the apparent water resistivities derived from the
density, neutron and sonic measurements respectively. 



Although the value of the resistivity of the mud filtrate, [err] is
measured from 5       samples and is available as an input to any
interpretation program, this program com-  5 putes a value of [err]from the
maximum of the "apparent mud filtrate resisvities" [err]in dean sands over
the entire logging interval. To that end, a frequency array is builtwith:
[err]                    (104) 10       where [err]is computed as: fo
for[err] equal to or greater than      where:    is the    perature
compensation factor 15       computed using equation (102). After all the
sand depth levels over the entire logging  15 interval have been
considered, [err] and the corresponding [err]are determined and: [err]
(107) This value of [err] may be substituted for the measured [err]. The
values of[err]and [err]have been, computed based on the shaly sand 20
model described in the aforementioned French Patent, If the actual
structure of the  20 formation in a  measurement interval under
invesigation departs from that model, errors can arise in the computed
values, of [err] and [err]. In particular it has been found that  [err] is
sometimes too low because no pure clay is present in the interval or
that[err]is too large because no hard shale is presentin the interval.
Therefore, 25       the computed values of   [err] are checked.
25 As a first step in detecting and correcting possible errors, the neutron
porosity at the dry colloid point, [err] is computed using the clay point
[err] and the average grain density of dry colloids [err]=2.84 as folows:
[err]1.0-1.115                                (108) 30       It is known
that     should be approximately  equal to 0.20 and that a value of
[err]less     30 thon 0.13 is very unlikely. Therefore,if  [err] is less
than 0.13, it is set equal to 0.13 and [err]  and [err] are recomputed acco
to: 0.22 [err] 35       where: SLOPE has been computed using Equation (93).
35 Next, the silt index, SI, which is a measure of the relative amount silt
and total shale in the formation is checked. The silt index is computed as:
[err] If the silt index is less than 0.5, the value of [err] is recomputed
using Equation 40       108-110 and if [err] less than 0.2, it is set equal
to 0.2, NCL recomputed using the  40 following equations:    38      38
0.29 (112) and [err] is recomputed using  Equation (110). The  silt index
is now recomputed using Equation (111)and if it is less than 0.3, the value
of [err]is suspected of being in error since [err]has been set using a 5
reasonable value of [err] Since [err]may be nearly equal to [err] and
rarely higher than [err] a check is made to determine whether [err] is more
than 0.01 greater than  [err] If it is [err]is set equal to [err]+0.01 and
the value of SI is computed again using Equation (111). 10           If SI
is still less than 0.3, the value of [err] is again suspected. It has been
found  10 that [err] may in some situations, have a value approximately
equal to [err]. Therefore, if [err]is equal to or less than 0.3 is set
equal to[err]otherwise [err] is set equal 



to 0.3 which is the maximum expected value of [err]  is then recomputed:
[err] 15      and [err] is recomputed using Eq. 60 where: SLOPE is computed
using Eq. (93).        15 The silt index is now computed once again, and if
it is still less than 0.3,  is modified by setting SI equal to0.3 and [err]
recomputed: [err]                           (114) In the same manner,and
[err]are checked and eventually modified 20       for all the new
intervals.                                                          20
Next, Sweep 4 is performed. Using the value [err]and [err] obtained in the
preceding sweep, values of the effective porosity [err]the amount of shale
[err]and the silt index for each depth level can be determined using a
modified shaly sand model.Referring to Fig. 14, there is shown a portion
of the 25     [err]crossplot  of   Fig. 12  which  has  been  divided  into
6  areas.        25 The values of   [err]and   SI are then coute  for each
depth level as a function of which area the             for that depth
level falls on the crossplot. If the point is in area 1 above the clean
sand line ie.  is greater than [err] is set equal to zero, SI is computed
using Eq. 111 and 30                              [err] If the point falls
below the shale line, area 2, where   is less than [err] then [err]is set
equal to one and SI is set equalto zero if [err] is greater than [err] SI
is computed using Eq. 111. If [err] is SI is computed as: 35
(116)         35 For points to the right of the water-clay line (area 3),
[err]  is set equal to [err] and the points are then treated as belonging
to area 4. For points in areas 4, 5 and 6, 40      the following
relationships apply:    [err]                                 (118) where:
[err] is the percent amount of clay in the formation. The computation of
[err] and SI in each of dhe areas 4, 5, and 6 is as follows: For points in
area 4, outside the cubic parabola joining [err] and [err] i.e. [err] 5
greater than [err] is set equal to [err] and SI is set equal to 0.   5 For
points in area 5, outside the cubic parabola joining [err]and [err] 15
(121)         15 Finally for points in area 6, SI is computed using Eq. 11l
and VOL [err] The default value of clay resistivity, REC, can now be
recomputed. Using the values of [err] SI and [err]ateachdepth level
identified as shale by the shale discrimin- 20      ator, the clay
resistivity is computed:                                                20
[err] where: [err]is either a pre-selected value for the interval or the
value of [err] computed in sweep 3 from the neutron-derived porosity
measurement using Eq. 103. The sum of the clay resistivities, [err] is
accumulated for N depth levels in the interval and 25       REC is computed
as the average clay resistivity over the interval:                 25 [err]
(124) A statistical approach can now also be used to compute [err] and
[err]. For depth levels corresponding to shales, the sum of the gamma-ray
measurements, [err] andthe. volume of shale
[err]are..accumulated.Similarly, for clean sand depth 30      levels the
sum of the gamma-ray measurements, [err] and the volume of shale         30



[err]are'also accumulated. For each interval the average gamma-ray
measurement and amount of shale for the shale zones, e[rr]respectively, and
the average gamma-ray measurement and amount of shale for the sand zones,
[err] respectively are computed. 35          The gamma-ray in sand, [err]
and gamma-ray in shale, [err] are then computed   .   35 as:    1,457,758
40 [err] The gamma-ray  discriminators, DAX and DAUM  can now be
re-calculatd using equations 66 and 67. 5          A similar approach is
used to compute the limits of the SPmeasurements SP[err]      5 and [err].
With [err] representing the average spontaneous potential and amount of
shale of sand levels over the interval, [err] is computed as: [err] With
[err] representing the average spontaneous potential and amount of 10
shale for shale levels over the interval, [err]is computed as:
10 [err] The resistivity of water, [err] can now be computed using the
[err] measuremens Either a pre-selected value of mud filtrate resistivity,
[err] or the value of [err] com- puted. using Eq. 107 can be used. For a
known value of resistivity of mud filtrate, the 15      concentration of
NaCI in the mud filtrate in parts per million times [er]r can  15 be
computed: For [err] greater than 0.3, [err] and for [err] less than 0.3
[err] From the concentration of NaCI in the mud filtrate, the NaCI
concentration in the formation water PPM[err] can be computed as: and [err]
is the NaCI concentrationof mud filtrate and grams per liter computed from
PPM[err] as: Finally, if PPM,, is less than 0.2, R, is computed as:    41
1,457,758                                       41 [err] The  value of
water resistivity can also be computed for each interval using the 5
ratio of [err]and the value  of [err] either pre-selected or previously
computed. To       5 this end, a frequency array can be constucted with: At
the end of an interval [err] corresponding to [err] is determined and
[err]is com- puted as: 10                         [err] Once all of the
parameters of interest have been computed they can be printed out. Also,
punched cards providing the input parameters for the shaly sand interpreta-
tion can be automatially prepared as is well known in the art. Turning now
to figs.  15-16 there are shown computer flow diagrams for carry- 15
ing out the invention Although the invention could also be carried out with
an analog  15 device or special purpose computer, it is particularly
advantageous, to use a general purpose computer   programmed  according to
the principles shown and discussed in detail  herein. 



The program takes  four sweeps of the data Referring first to Fig 15, there
is 20       shown sweep 1.  sweep 1 is entered, block 40 and the  input
parameters, [err]  20 and [err] for the first preselected measurement
interval are read, block 42'. One level of logging data from the
measurement interval is next read  block 44' The logging parameters,[err]
are computed using well known techniques, block 46 An input zero shift may
be also applied to [err]at this time. 25          Next as represented by
block 48', a running sum and sum squared for all caliper  25 measurements
in   the measurement interval is computed. Next decision element 50'
determines whether                                            are changing
too rapidly by appying fast-break discriminators to these parameters.
Fast-break discriminators are used throughout the program  to detect rapid
30       changes  in data over small depth changes. Data obtained from
these depth levels can  30 be unreliable and therefore is eliminated from
consideration. As an example, the fast- investigates the following - two
conditions for the porosity measurements; [err](at depth level)[err]
(previous depth level)>2 porosity units and 35            [err](at depth
level- below)>3 porosity units                  .             35 (previous
depth level) If the magnitude of  at the depth level of interest exceeds
the value of  at the next lowest depth level by units and it exceeds the
value of [err] at the depth level next below the previous depth level by
more than three units, the parameter is 40       considered to to be
changing too rapidly and  the data at the depth level of-interest is   40
In addition  decision element 50' asks whether [err] is less  than -0.02 or
greater than 0.45 or whether [err] is less than 0.1 or whether [err]is
greater than [err]. If the answer is NO the program  proceeds to decision
element 52' which determines 45       whether the ratio [err]is less than
0.7. If the answer is NO, this indicates that the  45 data is derived from
a clean sand formation and [err] is computed for the depth level using
equations 51-57, (block 54). If the answer from decision element 52' is
YES,    42                                      1,457,758
42 [err] is set equal to a predetermined value, for example, 10, block 56,
and block 54' is bypassed. Next, as represented by block. 58', running sums
required for the correlation of the shale indicators are computed. As
shown, if the answer from decision element 50' is YES, [err] is set to 10,
block 60', and blocks52', 54', 56' and 58' are 5       bypassed.
5 Next decision element 61' asks whether the depth level presently being
con- sidered is the last depth level in the measurement interval. If it is
not, NO answer, the depth level is incremented, block 62' and the program
returns to block 44' for analysis of the next depth level. After all the
depth levels in the measurement interval have 10       been considered, YES
answer from decision element 61', the shale indicators for the  10
measurement interval are correlated using subroutine COMCOR as represented
by block 64'. Referring now to Fig. 16, subroutine COMCOR is shown in
detail. COMCOR is entered, block 70 and each correlation factor, having the
general expression [err] 15      is computed using equation 58 as
represented by block72'. Next, the maximum corre-   15 lation factor for
non-identical pairs of shale indicators called CORMAX, is selected, block
74'. The X and Y coordinates of CORMAX are then set equal to M  and N
respectively, blocks 76'. The vaiables  XDN, XGR, XSP and XDT are initially
set to zero, block 78', after which decision element 80' determines whether
CORMAX 20      is equal to zero.
20 IF CORMAX is not equal to zero, NO  answer from decision element-80',
the 



program proceeds to determine which shale indicators are reliable for the
interval.  To this end, decision element 82' asks whether (M-4) is greater
than zero. If the answer is YES, then M is either equal to 5 or 6
indicating that either the SP or XM is 25       a reliable shale indicator.
Next decision element 84' asks whether M equals 6 and if  25 the answer is
YES, XDT is set equal to  one, block 86', indicating that [err] is
available and that XM is a good shale- indicator. If the answer from
decision element 84' is NO, decision element 88' determines whether N
equals 1 and whether the correlation factor R(5, l) is greater than zero,
i.e. 30      is there positive correlation between  the SP and [err] shale
indicators. If the answer  30 is YES, XSP is set equal to one, block 90'.
If the answer is NO, decision element 92' next asks whether N is greater
than 1 and whether the correlation factor R(5, N) i.e. the correlation
between the SP and either [err] GR or GRN is negative.If the answer is YES,
XSP is set equal to one block 90'. If the answer is NO, XSP is set 35
equal to minus one, block 94'to indicate that a reversed SP condition
exists in the  35 measurement interval. Decision element 96' which is
entered next either via block 86', 90 or 94' asks whether the absolute
value of CORMAX isless than 05. If the answer is NO, i.e CORMAX is greater
tha 0.5, the program proceeds to determine which other shale 40
indicators when correlated with the shale indicator having the coordinate M
is greater  40 than 0.5. Thus if the absolute value of eiher R(M, 1) or
R(M,2) is greater than 0.5, decision element 98', XDN is set equal to one,
block 100 indicating that [err] is a good shale indicator. Similarly if the
absolute value of R(M, 3) is greater than 0.5, which is asked by decision
element  102', XGR is  set equal to one  block 104 ' indicat- 45        ing
that GR is available and a good shale indicator. If R(M, 4) is greater than
R(M, 3)  45 and the absolute value of R(M,4) is greater than 0.5, decision
element 106' XGR is set equal to two, block 108' indicating 108' indicating
that the normalized gamma-ray is avilable and a better shale indicator than
the gamma-ray measurement itself. Now the program proceeds to determine
whether the absolute value of R(6,5) 50       the correlation coefficient
forSP and XM is greater than 0.5.This is the function of  50 decision 110'.
If the answer is YES, decision element 112' asks whether M equals six. If
the answer is NO, XDT is set equal to one, block 114'. If Mequals six,YES
answer from decision element 112', decision element 116' determines whether
R(6,5) is less than zero. If it is, XSP is set equal to minus one, block
118'. If R(6, 5) is not less than 55      zero, XSP is set equal to one,
bloc 120'.                                          55 The program proceeds
either from blocks 114',118' or 120' or NO answer from decision element
110' to decision element 1-22' which asks whether XGR is greater than zero
or XSP does not equal zero. If the answer is NO, decision elemen 124' asks
whether the correlation coefficient for GR and [err] is greater   the 60
correlation coefficient for SP and [err], R(5, 2). If the answer is YES,
XGR is set  60 equal to one, block 126', and if the answer is NO, XSP is
set equal to one, block 128'. The subroutine returns, block 130' via either
blocks 126' 128' or YES answer from decision  element 122'. Returning now
to decision element 96', if the absolute value of CORMAX is less 65
than 0.5, YES answer, decision element 132 asks whether (N-3) is greater
than 0.     65    1,457,758 If N is greater than 3, YES answer, decision
element 134' asks whether N=4 and if the answer is YES, XGR is set equal to
two, block 136'. If the answer from decision element 134' is NO, decision
element 138' asks whether CORMAX is less than zero and if it is, YES
answer, XSP is set equal to minus one, block 140 while if the 5      answer
is NO, XSP is set equal to one, block 142'. 



Returning to decision element 132', if the answer is NO, decision element
144' asks whether N equals  three.,If N equals three, XGR is set equal to
one, block 146' and if not, XDN is set equal to one, block 148'. The
program then proceeds to decision element 122', via either blocks 140',
142', 136', 146' or 148' and then returns 10      via 124' 126' or 128  and
130' is discussed above..   .                             10 Returning now
to decision element 82', if M-4 is not greater than zero, NO answer,
decision element 150' asks whether M  equals four. If the answer is YES,
XGR is set equal to two, block 152'. Otherwise XGR is set equal to one,
block 154'. In either event, XDN is next set equal to one, block 156' after
which decision element 15      160' asks whether the absolute value of
CORMAX is less than 0.5. If the answer is  15 YES, the subroutine returns
via 122', 124', 126', 128' and 130'. If the answer from decision element
160' is NO, the program proceeds to decision element 162' which asks
whether the absolute value of ether R(5, 3) or R(5, 4) is greater than
0.45. If the answer is YES, decision element 164' asks whether 20
R(5, 3). is less than zero If the answer is YES, XSP is set equal to minus
one, block  20 166' otherwise XSP is set equal to one, block 168'. The
program proceeds via either No answer from decision element 162', or blocks
166' or 168' to decision element 170' which asks whether R(6, 3) or R(6, 4)
is less than -0.5. If the answer is YES, XDT is set equal to one, block
172' . In either case, the subroutine returns via 122' 25       124', 126'
or 128 and 130'.    -25 Finally, if CORMAX=0, YES answer from decision
element 80', XDN is set equal to one, block 174' and if either the SP, GR,
or [err] measurement is available, which questions are asked by decision
elements 176', 178' and 180' respectively, XSP, XGR or XDT is set equal to
one as represented by blocks 182', 184' and 186' 30       respectively, and
the subroutine returns via 122', 124', 126', 128' and 130'.     30 After
the shale indicators for the interval have been correlated and the
determina- tion made as to which shale indicators are available and
reliable the program returns to block 190' (Fig. 15A). As represented by
block 190', the best shale and sand zones for the interval are determined
using subroutine MINXN. [errr] 35       and [err]are identified as the
parameters in the best shale zone, and    35 [err] for the best sand zone.
Referring to Fig. 17, this subroutine is shown in greater detail. Referring
now to Fig. 17, subroutine MINXN is entered via block 820. The best shale
and sand zones are selected as those zones which correspond to 40      the
zones [err] for which the function [err] sign[err] has a maximum value.  40
The value of sign (ij) is set equal to or opposite that of the difference
[err] depending on whether the best shale or sand zones, respectively is
sought. The first zone is considered by setting i and i equal to 1, block
822 and 824 respectively. Then the normalized variation of the difference
[err] which is the 45      difference between the values of a shale
indicator k for the zones i and j are computed.  45 As represented by block
826, the normalized variation [err] is computed Next, decision element 828
asks whether the normalized variation is less than zero. If the answer is
YES, the absolute value of Dk [err] is computed, block 830 and a counter
SM[err]is incremented, block 832, as explained in greater detail below. If
the answer is NO, the absolute value of - [err] Nk is computed block 834   



1,457,758                                     44 As represented by block
836, a partial sum, [err] is computed, where [err] is the sum of the
preceding k values. Next decision element 838 asks if all clay indicators
have been considered and if not, the program proceeds to 5       the next
clay indicator, block 840 and returns to block 826. After all clay the
clay. indicators  5 k have been considered  block 836 represents the
sum,[err] Dk Nk corresponding to the two zones i and j for all clay
indicators The function 10      can now be computed by choosing for a a
positive values, for example 0.12 and for n,  10 a positive value, for
example 1. This is represented by block 842. It is seen that Equa- tion 18'
is Equation  18 in rewritten form. Next the function [err] 15      is
computed. First, as represented by decision element, 844, it is determined
whether  15 [err] is equal to zero, to one or higher than one. If SM[err]
equals zero that is for every k, Dk [err] sign  (i,j) is set- equal to one,
block 846. If SM[err] equals one that is, if there is one 20      indicator
k and only one for this Dk/Nk<O, sign (i,j) and if SM(i,j) is greater than
20 zero, sign [err] is set equal to minus 1, block 850. In the case where
the best sand zone is sought, we replace Nk by -Nk and we record, in the
same manner, [err] and the sign of (i,j) is determined in the same manner.
Knowing the value of sign (i,j) [err] the product [err] is computed and a
partial sum: - e[rr] is computed as represented by block 852, .[err] being
the preceding value. Next decision element 854 asks if j is greater than N,
where N is the number of 30      zones in the interval. If the answer is
NO, j is incremented, block 856 and theprogram  30 returns  to block 824.
When  all the zones j have been taken into account, the sum from block 852
rep s:. [err] After all zones j have been considered with one zone i,
decision element 858asks if i=N. If the answer is NO, i is incremented,
block 860 and the program returns to 35      block 822.
35 After all zones, i, have been considered the program selects the highest
value of    45                                         1,457,758
45 [err] as represented by block 862 and the zone which  corresponds to the
maximum of [err]is the best shale zone or best sand zone in the interval as
represented by block 864. Next, the shale and sand parameters for the
intervals corresponding to the maxi- 5      mum  [err] are set block 866.
Thus the values of [err]are determined  5 from the best shale and [err]are
determined from the best sand zone after  which the program returns to
block 868. Once the best shale  and sand zones for the interval are
determined, the program returns to decision element 200' (Fig. 15A) which
asks whether XGR is equal to zero. 10      If the answer  NO, [err] is set
equal to [err] is set equal to[err]   10 block 202'. IF XGR equals zero,
block 202 is bypassed. Next decision 204 asks 



whether XSP equals zero. If the answer is NO, decision element 206' asks
whether' XSP is greater than zero. If the answer is YES, [err]is set
equalto [err] is set equal to [err] block 208'. If XSP is less than zero,
[err] is set equal to [err] 15      and SP[err] is set equal to [err],
block 210 since a reversed-SP is indicated for the  15 interval. If XSP
equals, zero, YES answer from decision element 204', blocks 206', 208' and
210' are by passed. Next, as represented by block 212', [err] are computed
using equations 61 and 62 using [err] computed by subroutine MINXN. Then 20
decision element 214' asks whether XDT equals zero and it it does not, NO
answer,  20 [err] iscomputed using equation 63 (block 216') with [err]
computed by subroutine MINXN. If the answer from decision element 214' is
YES, block 216' is bypassed. Next, as represented by  block 218', the
average and standard deviation of the caliper mesurements designated
[err]respectively, for the interval are 25      computed using standard
mathematical techniques If the standard deviation of the  25 caliper
measurements is less than two, which question is asked by decision element
220', the caliper discriminator, [err]is set equal ]err] as represented by
block 222'. If the answer from decision element 220' is NO, CAL[err] is set
equal to [err] block 224'. 30          Decision element 226' next asks
whether the measurement interval just con-   30 sidered is the last one in
the logging interval. If it is not, NO answer, the program goes to the next
measurment interval,block 228' and the analysis begins again with block
42'. The program  continues until all measurement intervals are analyzed in
the above manner at which time the answer from decision element 226' is
YES. 35          After all the measurement intervals in the logging
interval are analyzed, the mini-  35 mum value of [err]called e[rr] and the
maximum value of [err] called GRSe[rr] for all intervals is selected to
provide a check that the value of [err] and GR[err] for each interval
correspond respectively to clean sand or shale or shale forma- tions.
Similarly, the minimum [err] called e[rr] is selected for use in computing
a 40      cutoff for [err] in clean sands. These operations are represented
by block 228'. Next,  40 as represented by block 230', the [err]cutoff for
clean sands,called [err] is set equal to 2 [err] and values of [err]
greater than 1.2 [err] and values of [err] less than 0.8 [err] in any
measurement interval are eliminated (block 232'). As represented by block
234', the gamma ray parameters are now set for those 45      measurement
intervals where they are not present, either because they could not   45
reliably be computed in an interval (XGR equal to zero) or because they
were elimin- ated as above (block 232'). This substitution is accomplished
by using subroutine FILLAR, shown in detail in Fig. 18. Referring now to
Fig. 18, subroutine FILLAR is entered via block 240'. Next, 50      block
242' asks whether the parameter to be set is either the sonic, SP, or GR
Since  50 the gamma-ray is to be set, the answer is YES and the program
proceeds to decision element 244 which determines whether the parameter of
interest, ie. gamma ray, has been reliably computed in any interval If the
answer is NO, the value of a parameter is set to a pre-selected value in
those intervals where the shale indicator correlation 55      indicates
that the parameter is reliable (XGR not equal to zero), block 246' and then
55 returns, block 248'. If the answer from decision element 244' is YES,
then the value of the 'parameter ineach acceptabl interval is set equal to
the reliable value of the parameter computed forthe next deeper interval,
(block 250') and  the program returns, block 248'. 60           To complete
the explanation of the operation of subroutine FILLAR, return now  60 to
decision element 242 . If a parameter other than the sonic, SP or GR is to
be set, NO answer, the program proceeds to decision element 252' which asks
whether a value for the parameter has been computed for the deepest
interval. If the answer is YES, the value of the parameter for each
interval where it is not computed is set equal 



65      to the value of the parameter at the nearest deeper interval, block
254' and the program  65    1,457,758                                    46
returns block 248'. If the. answer from decision element 252' is NO,
decision element 256' asks whether the parameter has been computed  for any
interval and if it hasn't, NO answer, the parameter for eac measurement
interval is set to a preselected value, block 258' and the program returns
to  block 248'. If 5      256' is YES, the value of the  parameter for the
deepest measurement interval is set equal to the
the next shallower interval, block 260 and then the values of the parameter
for the remaining intervals are set equalto the value computed for the
next deeper interval, block 254', after which the program returns, block
248'. 10       Once  the value [err]and [err]have been established for each
inteval by sub-     1O routine FILLAR, the program  returns to block 270'
(Fig. 15B). The value of:the GR d iscriminator in shale, DAX, and the GR
discriminator in sands, DALIM is now com- puted for each interval using
equations 66 and67, respectively. Referring now to Fig. 19, there is shown
sweep 2. Sweep 2 is entered via block 15      300. The parameters computed
by sweep 1 from the first interval 'are read, block 302  15 and the SP
shale discriminator, [err] and the SP sand discriminator, [err]are corn-
puted using equations 68 and 69, respectively, block 304. Next, one level
of logging data is read, block 306. Decision element 308 next determines
whether the depth level under considera- 20      tion is in a shale or sand
formation. To this end, fast-break discriminators are applied  20 to [err]
and then it is determined whether XGR is gter than zero and GR greater than
DALIM; or  XSP not equal to zero SP less than [err]is less than 0.5; or
[err] iS greater n  0.45 or less than 0.5; or CAL, greater than  [err] or
e[rr] less than 0.5. If the answer NO this indicates that a sand formation
is present 25       and the data from this depth level is used in the
computation of [err]   To this end,   25 as represented by block 310, a45
cell array for computing e[rr]is enered with an index dependent on the
[err] and    measurements for the depth level under considera tion. Next,
decision element  312 asks whether [err] for the depth level under
considera- tion is greater than: [err]or whether XGR is greater than zero
and GR for the depth 30      level is greater than 1.2. GR[err]. If the
answer NO, the value of [err] and   (com-  30 puted using Eq. 83) are used
for computing a running total of these values for the entre log, block 314.
Next, as represented by decision element 316 a fast-break discriminator is
applied to [err] and if  [err] is not changing too rapidly, NO answer, the
values of [err] for that depth level are used in computing a running sum of
the 35       [err]and  [err] measurements for one interval  block 318. Via
either b     318 or YES     35 answer from decision elements 312or 316, the
program proceeds to decision,320 which determines whether this is the last
depth interval. If it is not, NO answer, the -depth *             level is
incremented, block 322 andthe program returns to block 306 for the anlysis
of the next depth level. 40           Returning now to decision 308, if the
answer is YES  indicating that a shale       40 formation may be present at
the particular depth level, parameters [err] are computed as: [err] 45
where: [err]is the matrix transit time in [err] and  G is the grain density
block 324.  45 Next decision element 326 asks whether [er]r is less than
(055+0.35 [err] or whether [err] is greater than 0.75 or whether XGR is
greater than zero and GR is less than DAX. If the answer is YES, the
program proceeds to the analysis of the next depth level via 320 and 322.
If the answer is NO, indicating that a true shale level is present, 



50      a 50 cell array for computation for  [err]   is entered with an
index value dependent  50 on the value CAL for the depth level under
investgation, block  328. Similarly, as represented by block 330, a 50 cell
array for computation of [err] for the entire log is entered with an index
dependent upon the value of [err]. Next, decision 332 asks whether e[rr] is
less than 0.05 or whether   is less than 0.05 or whether    is less than
-0.01. If the answer YES, the program proceeds to the next depth level via
320 and 32. If the answer is NO, a 50 cell array for comput- ing REC  and
RESH, is entered, block 334 with an index value dependent on the value
47                                      1,457,758
4 of Rt. The program then returns to block 320 and 322 and continues until
all the depth the    avebeen fonridered.  miii "me decisiement3.20 is .and
the program proceeds 'to block 336. \ ' Aseesti:- "336  the            .
CA,  and REQ arrays are now scanned to Y       determi~iine 1^,: and the
corr'esp g XMIN. As described above, I,, is the index of  5 the cll array:
whic. Ieaves-at 'least 5'% of the totalnumber of ponts in the amyai below
that cell numbei .that the number of points at the Iocation of  the cell is
'greater than a prederened ilue.'@ Similarly, 'the.   . and'RESH arrays are
scanned to dercrmine 'Iwizc.hich is the index ofthe cell which.leaves 5%'of
the total points in 10      thecell above it and the corresponding X]x.
Values of C:AIm OXA  RESH and          10 - RC' are' the
compted'u'singequations 74, 77, 72 and '71,  pecv*y, block. 338. Decision
ldement 3 ' netasis if RESH.is ess than 21EC andif it is RESH is set equal
to 2 REC, blok342.' The'vaue of the comnpaoction con factor CP is com-
puted next using equation 80, bock 344. This compleies the analysis for one
measure- 15      ment interval and. -decision' element 346 asks whether
this is the last interval to be  15 considered. If it is 'not,:NO answer,
the interval is incremented, block 348 and the program returns' to block
302 for andysis of the. remahiing itervals.. After the last interval is
atiayzed, 'YES answer from decision element 346, the average Ds N  and ~OR
are computed for the entire log from the runnig sums of 20      these
values, block 349. Next, as representepq by block 3,50, the  P array is
scanned to  20 determine XmN and '-the: zero shift iap, ZSDR is'' computed
Using equation 82. Caslibration shifts of ''+N .and D are. now computed as
represented by'block 352. This is accomplished by use of.'subroutine CALIBR
which is shown in greater detail in 25           Referringmnow to'Fig.
20,'subroutine'sCALIBR is entered via block 360. Next,  25 decision element
362 asks whe'ther the input value of Vu. equal zero, Vc Im  being an input
parameter. If the answer is. NOI, NOL (AV) and' D (AV) for the entire log
is      eblock '364. IfV,,equal zero, blocki364 is bypassed. Next, the
para- meter    'is computed usig' equation.- 89, block 366 after which
decision element 368 30      determines' whther .  is equal to, greater
than or less than zero. If A  equals zero,  30 the program returns via
block 370.   ..    .     . If &  is positive, decision'elemet 372 next asks
if   - is greater than 0.05. Since it. has been found that' a value of 0.05
is the practical maximum value. for &, if the answer is. YES,  . is set
equal to 0.05, block 374. As represented by block 376, a 35      weight
for.the  .measurements, called.KN, is in ented by the number of intervals
35 for which a zero shift has been applied to N. A weight for the D
measuremnts, calIed KD, is inceentd for eaci interval that either a zero
shift has been applied to  .or where pg is larger than 2.65, block 378.
These weights, KN and. KD are com- pared by decision dement 380 ,and if
'KD-is equal to or greater than KN, a zero shift 40
utobeappliedto.desitedZSD, eqaltto-Ablockh382.Oherwise, thezero
40 shift'is- to-.be; appled to Ncalled ZSN, equal to    ..block 384, and
the program returns via block 370.                      <..: 



Returning tO decision.element 368,'if &  is negative,. decision element 386
asks whether. 4  islissthan -0.5 and .if the answer is-YES, &O is set equal
to 0.05, 45      block .388 for. 'the: reason's,'discssed above.' A
weighting procedure similar to that  45 discussed above, nowtks place.
Tihus KN .is set equal to 2 if the-neutron measure- nent is an SNP but has
not' been mudcake corrected, block 390. KN is incremented by one if the
minimum CP for the entire log is less t   0.9, bloc 392. and KN is
incremented' by the number of intervals for which an input zero shift is
applied to q, 50      block;,394. As represented'by block. 39,6, RKD:is set
equal to one if the weight of the  50 mud filtrate is between 9.5 and 12
pounds and ZSDR is negative. Decision element 398 next determines if
jIRP(AV),' is closer to WNAV)or to #D(AV). If it is closer to O(AV)s YES
answer. K   is incremented by, one, block 400 and if it. is doser to q(AV),
NO answer,, KDis',inocreme~nted by: one, block 402. Next, KD is incremented
55      by the numb  of intervals for which  atheraninput zero shift was
applied to #D or  55 for the intenals where p, wasg-reate'r than 2.65,
block 404. Decision element 406 next detemines whether RN is. equal to or
greater than RD. If KN is greater than KD,. YES.answer,'ZSN
issetequalto.,block408andifthe answer.NO, ZSD is set equal to -A, block 410
after which the program returns via 370. 60       -Ome'ZSk and ZSDhave been
determined, the next step is:.to.correct CP for         60 neutron, shift'
for each .inte    u~sing? equation 90, block 420' (Fig.. 19B). Next con-
secutive intervals having'"simiar parameters can be grouped, block 422'.
This is accomplished-us  subroutine:   ,IN which is shown in greater detail
in Fig. 21. Referrin now toFig. 21, :there is shown in detail the-
subroutine MERGIN. The 65      sbroutine is entered ia block 430 and
weighted averages of GRS, #xA   REC, CP,     65    :.1,457,758
..-  .                 4 1. th XoL/#i~CL and the averavalue of SPar for the
lowest interval are compu,  block 432. *he itervis tei        m I n    b
434 an' the parames o two con- secutive intervals are comped Ths decision
emenent 436 asks. whether p, R;, XDN, XSP, or XGR are: not 'equal. Ifthese
parameters for:the'adj-acent interias .are 5       equal NO answer,
decision element 438 next askswhtrthe aveage-siope of the         S shale
line (AVSLP) for the-previous interval is greaterhthan zero     c for the
interval under oeron            is greaterthan zero andawhethierA   and the
slope of the shale lnse for the present interval differ by  oe th  7%. If.
the answr NO, decisionelement 440 detees whether the averageo GR4,1
(AVGRSH).'is Bater 1o      than zero and whether GR ,,'for this interval
(GR&)M isgreater than zero and Iwether  I0 AVGRSH the valueBfGR.E for the
present interval difer by Smore than 15%  If the answer is NO, dcisin
ement 442 sks whether the'avre  fix (AVM CX  and ,AX of the-present
interVa,  ji  are greater thanzero and whether the average 4,'  (AV #MAX)
and X    o   differ.by more than -15%. 'If the .answer NO, 15
decisionelement 444 next asks if the average REC (AVREC), 9EC- for the
intera      15 (REC)y and (vN= are all greater" than zero and wheter the
products AVREC ovm 1.5 and (REC),  (Gail'.' differ by more thhii 30%. If
the  -a is NO, decision element 446 asks whether the average CP (AVCP) aid.
(0P),0JOPfor the present inerval -is. greater than zero and whether the
AVCP anad.(CP)M differ by 20       more than 10%. If athe-answer again is:
NO, the two consecutive intevas are con-  20 sidered to have   ar
charcteristics and the intervals are combinedby computing new weighted
averages of their aresented by block 448. If the interv being coded is not
the last interval, NO answer from decision element 450, the program returns
to block 434 where the interval is incremented and the para     of 25
the next consecutive interva are coinpared to the parameters of the mirged
'intval  25 



using the techniques described above. If a YES answer rest from any'
decision element 436 thrgh 446, the program proceeds to decision elmnent
452 which asks whether there are 'a nyprevio  adjacent intervals which.
have bee  found to have Sir parameters. Also, if there is YES 30
answer from decsion element -450, the program.proceeds to decisionelement
452. If  30 the answer is YES, the adjacent consecutive intervals with
similar parameters are grouped. Parameters which are equal for the
consecutive 1intervals, i.e., pg. Ra, etc., are set so these values for
the-grouped inteivaS, andW parameters 'which'may differ between the
inierviaLs, ie., CP, i'    etc., are set to the weighted averages of these
35       parameters for the grouped intervals. If the answer from decion
eement 452 is NO,  35 block 454 is bypassed. Next, decision element 456
asks  hether 'the interabeing considered is the last interval If -it is
not, NO answer, the program returns to blok 432 where new weighted averages
are computed and. the analysis begins again. If this is the last
interval,'the program returns via block 45& 40           Finally, valdes of
-#x   and CP  are :fllied in  for intervals where they have not  40 been
computed -using subroutine FILLAR which is deribed above block 470 (Fig4
19B) and the program goes to sweep 3, block 472. Referring now to Figure
22, sweep' 3 is' shown in detil Swee  3 is; entered, block 500 -and the
input parameters including the parameters compute during sweeps 45       1
and 2 for the fir  measurement interval (which   ay nowbea    d grou  of a
45 number of consecutive intervals) are read, block 502. One leve of  l
data is read, block 504 and the w and #D measurements are corrected for
zero sh    com- puted in sweep 1, SP is normalized by-multiplying by XSP
andidj' is corrected for compaction factor, block 506 as: is- well known in
the art.Thle sand and shAledis- 50       criniators for the SP measurements
are then computed,. block508. Next deiso       50 element 510 asks whether
X is less than 0.05 or whether #  is less than zero. If -the answer is YES,
no analysis is done for the depth level and the pr   proceeds to decision
lement 512 which asks whether this was the last depth level in the
interval. If the      is.NO the depth"is incremented, block 514 and the
program returns to 55      block 504 to begin the analyss of the next depth
level:                            55 If the answer from  decision element
510 is NO, the program proceeds to decision dement-516 which after
applying-the fast-break discriniators to . 4,  and D asks whether vD/   is;
greater than 0.7; or whether XGR is "geater thianzero and GR less than DAX;
or Rt greater than RESH. If the answeris NO, MlandN  are 60      computed
u-sing equations 84 and 85s respectively, block 518- after which decision
60 element -520 asks .iwhether Ml is greater than.N1/3+0.65. If the answer
is NO, decision element 522 next asks whether the difference between 4x.
and #z is less than 0.01 or whether XSP is not equal to zero and whether SP
is greater tian- 0.5 (SPBD+SPsa). If the answer is NO, an array for
computing oeix is entered with an 65       index proportional to h ei and i
block 524. If the answer from decision element  65    49
:1,457,758 522 is YES, block 524 lsbypassed. Next, decision element 526
asks whether XSP is: not 'equal to zero an-  whether SP is greater than
the. SP shale discriminator. If the answer is NO, two. arrys or computing
NCL and. 4-aem entered with indices pro portion to    AN ck528. 'If here
isa YES ans'wer from any of decision elemnits 514 520, or 526 or after  5
the operation represeted by block 528, the program proceeds to decsion
element 530. wiichi asks. whether A- is les than 0.05; or whether AN is
greater than 0.45; or whether A', is ater thano .45;. or whether  DwS 'is
less than 0.7; or whether -a   (+N-AD) is: grae th 041.. or whether CAL is
greater than CALXAX; or.whether 



,:- 0lo  XGR as greater tha 'zo and 'GR: is greater than DALIM; or whether
XSP does not   10 equal zero and"SP is. Ietsin SP vL. If the answer is NO,
a 45 cell array for om- puting "1,-is e ter'ad, blok532 and the appropriate
'index computed. Next, decision .. elemen-t 5   34: asks wet;- r Rt is less
than 0.05 or whether R.,  is greater than 2aX If thie'answer 'is
NQthe'value of the temperature factor F is computed using equation 15
102,. b>.lock 53K" iand three '50- lC arrays are entered for computing
respectively  15 R, '' {+D), X  (4) sud R  '(*) block 538 by      the ar
ate indices. Thae:.program nextroceeds to decision e nt 540'which'asks
whether 4X is less duaN N. If it 'isYES answer, the apparent resistivity of
the mud filtrate )L. is com- puted using equation 105, block 542, and if
the answer .'NO, R,1iscompted using 20      equaio  104 block 5.0cl array
is next entered forcomputation.of   for the         20 entire log, block
546 with the index computed Uslig the l   value computed a Either vUa AYES
answers from decision element 530 or 534 or from block 546 the program
proceeds to block 512 which determines whether this was the last depth leve
-in the interval. If it is not, the program returns to block 504 for
analysis of the next 25      depthlevel.Ifthiswas the last depth level in
the interval, YES answer, XxAx for the  25 #x= array and X3m= for the #NCU
#oCl OmEo and R. arrays are determined, block 548 and  .    Snar #Amh
Rw.(D#) and It. (ON) and R., (Os) for the interval are computedausng
equations '77, 94, 95, 96, 98, and 103, respectively, block 550. If this is
not the lat interal in the logging interval, NO answer from decision
element 30      552, the program proceeds to the next interval, block 554
and returns to block 502 for  30 46               analysis fo thar  tr
After al the intervals have been analyzed, YES' answer from decision 552,
XxAx from the PLt array is determined, block 556 and TRh of the entire
logging interval is computed using equation 107, block 558. Then,
subroutine FILLA, Fig. 18 is called 35
35to fill in missing values of Scan #51CL and   AND block 560.  ,  35 Prior
.to proceeding to sep 4, the computed values of *  ED,0   and X~o for each
interval are checked to insure that they conform to the shaly sand model.
This is represented by block 562 and the CHCK COMPUTED PARMETERS sub-'
routine, Fig. 23. Referring now to Fig. 23, the subroutine is entered via
block 570 and 40      the computed parameters for one intervel are read,
block 572. The slope of the shale  40 line 'hcoI/+De called SLOPE is
computed, block 574. The slope of the shale line, :   saw/X, remains
constant for the remainder of the computations. N  is then com- puted using
equation 108,- block 576 Next, decision eement 578 asks if #,vo is greater
than 0.13 and if it is not, NO answer,:.+Np  is set-equal to 0;13, block
580 and owci 45      and  rId, computed, using equations 109 and 110, block
582. If ONe is greater than  45 0.13, block 578 and 580 are bypassed. The
silt index SI is next computed using equation 111, block 584. Decision
elaeent 586 next asks if SI is greater than 0.5 and if it is not, decision
element 588 asks if f.a is greater than 02. If the answer from 50 decision
damet 588.is NO, sNO is set equal to 0.2, block 590 and #NCI and A, are 50
recomputed, block 592 using equations 112 and 110, respectively. If
there-is a YES  50 answer from either decision elements 586 or 588, block
592 is bypassed. Next, SI is again computed using equation 111, block 594
and if it is not greater than 0.3, NO answer from decision element 596, the
program proceeds to decision element 598 which determines whether AnN is
greater than (     +0.01). If it is, 55      YES answer, Adz is set equal
to (#xAX+0.01), block 600, otherwise block 600 is   55 bypassed. SI is next
again computed using equation 111, block 602 and if is still not greater *
..    than 03, which is asked by decision element 604, decision element 606
asks if #= is greater than+s.2tr. If he answer isYES, VOb is set equal to
0.7  block 620. If 60      the answer isNOdecsion element 608 :next asks if
jinx is greater than 0.3. If it is  60 -not, #Na is set equal to hX, block
610 while if it isYES answer, Oxg is set equal to 0.3, block 612. In either
event, NOI and 4l are computed again using equations 113 



and 110, respectively, block 614 and the value SI is again computed using
equation 111, block 616. Decision element 618 next asks if SI is greater
than 0.3 and if is not, 65     X~41 is set equal to '0.7 ,0=1 block 620.
65    1,457,758                                      50 If there is a YES
answer from either decision element 596 or 604 or after block 620, the
program proceeds to decision eleement 622 which determines whether this was
the last interval, if it was not, NO answer, the program proceeds to
analyze the next interval via blocks 624 and 572. After all the intervals
have been checked, the program 5       returns  block 626, and goes to
sweep 4, block 630 (Fig. 22).                          5 Referring now to
Fig 24, sweep 4 is shown in detail. Sweep 4 is entered via block 660. The
input parameters for the first interval are read, block 662, and logging
data for the first depth level is also read and corrected, block 664, as in
sweep 3. Next,decision element 666 applies the fast-break discriminators
to [err] and also asks if CAL is greater   than CAL[ERR]or if [err]   is
less than 0.05;or if [err]is less than -0.02. If the answer is YES, the
program proceds to  ision element 668 which asks if this the last depth
level in the interval If it is  not  NO answer,the depth is incremented,
block 670 and the program returns to block 664 for analysis of the next
depth level If the answer is NO,   [err]and SI are computed using a 15
simplified shaly sand model as represented by block'672. The analysis  is
carried by   15 subroutine SARAN which is shown in greater detail in Fig.
25. Referring now to Fig. 25,subroutine SARAN is entered via block 680 and
SI is computed using equation  1ll,block 682. Decision element 684 next
asks if [err]  is greater than [err] and  if it is, [err]is set equal to
zero,  block 686,[err]is computed using 20        equation 115, block
688,and the subroutine returns, block 690.                       20 If the
answer from  decision element 684 is NO, decision element 692 next asks if
is less than [err] and if the answer is NO, decision  element 694 next asks
if [err] is greater than [err] block 696. If the answer decision element
694 is NO, block 696 is bypassed. As represented by block 698,[err] is  is
now set equal to: 30
30 [err] and [err] is set equal to: Decision element 700 next asks if [err]
is equal to or greater than [err] 35      If the answeris YES, is set equal
to [err]and SI is set equal to zero block 702 and        35 the program
returns to block 690. If the answer is NO, [err] is set equal to [err]
51                            1,457,758 block 704 and decision element 706
asks if [err] is greater than 1 or [err]is greater than or equal to: [err]
If the answer is NO, the program returns via block 690. If the answer is
YES, the 5      program proceeds to decision element 708 which asks if
[err]is less than 0.75. If  5 it is, YES answer, [err] is computed using
equation 119, block 710 and if it is not, [err] is computed using equation
120, block 712. Next, decision element 714 asks if [err] is less than [err]
and if it is [err] is set equal to [err] and SI is set equal to zero, block
702 



and the program returns block 690. If [err] is not less than [err] NO
answer from 10      decision element 714, SI is computed using equation
121, block 716 and the program  10 returns via block 690.. Referring now
decision 692, if [err] is less than [err] YES answer, [err] is set equal to
zero and [err] is set equal to one, block 718. Decision 15      elements
720 next asks if[err]is less than [err] and if it is,YES answer, the
program.    15 returns, block 690. If the answer  is NO, SI is computed
using equation 116, block 722. If SI is less than zero, YES answer from
decision element 724, SI is set equal to zero, block 726 and in either
event, the program returns via block 690. After computation of  [err] and
SI using SARANthe program returns to 20      decision element 730, Fig. 24,
which asks if [err]is less  than 0.6; whether XGR is  20 greater than zero
and GR is less than DAX; or whether  XSP is greater than zero and SP is
greater than [err]. If the answer is NO,    and N1 are computed using
equations 144 and 145, respectively, block 732 and decision element 734
next asks if is greater than 0.35 [err]+0.55 or whether [err] is greater
than RESH. If the answer is NO, the decision element 736-asks if [err] is
less than or equal to 1.25 [err] and if the answer is again NO, the value
of Rol is computed using equation 123, block 737. 'A running sum  of [err]
in the interval is computed as repre- sented by block 738.  If the answer
to decision elements 736 is YES, blocks 737 and 738 are by passed.
Next,decision element 740 asks if XGR equals zero and if not, 'the GR and
30 VSH measurements for the depth level are  used  in computation of a
running sum of GR and [err] for shale levels in the interval, block 742. If
XGR equals zero, block 742 is bypassed. Similarly, if XSP does not equal
zero, NO answer from decision element744, the SP and e[rr]measurements for
the depth level are used in com- puting a running sum of the SP and  [err]
for shale levels in the interval, block 746  35 and if XSP does not equal
zero, block 746 is bypassed. The program now proceeds to decision element
748 either via decision 730 or 734 or block 746. Decsion element 748 asks
if [err] is greater than 0.25 or whether   [err]   is less than 0.6.  If
the answer is . YES, the  program proceeds to 40      decision element 668
which asks if this is the last depth evel in the inteval and   if  40 it is
not, the  next depth level is analyzed via block  670 and 664. If the
answer from decision element 748 is NO, decision element 750 asks if XSP
equals zero, or if SP is less than [err]or if  SP is greater than [err]+
10.If  the answer from decision element 750 is NO, the value of SP and
[err] for the depth levels are used to compute 45      a running sum of SP
and [err] for  sand levels in the interval  block 752. If  the     45
answer from decision element 750 is YES, block 752 is bypassed. Similarly,
decision element 754 asks if XGR equals zero, or if GR is greater than
DALIM  and if the answer is NO, the value of GR and [err] for the depth
level are used in the com- putation of a running sum for GR and [err] for
sand levels in the interval, block 756. 50      If the answer from decision
element 754 is YES, block 756 is bypassed.             50 Next, decision
element 758 asks if [err] is greater than [err]. If the answer is NO, a
50-cell array for compting [err]QL is entered with an index value dependent
on [err] and [err] block 760. If the answer from decision element 758 is
YES, block 760 is bypassed. The analysis of the depth level is now complete
55      decision element 668  sks if this is the last depth level in the
interval. If it is not,  55 the program returns to block 664 via block 670.
If  all the depth levels in the interval has been analyzed, YES answer from
decision element 668, the average values of the sum [err] are computed for
the interval from the running sums, block 762. Next, [err] and   



GR[err] are computed using equations 75 and 76, respectively, block 764 and
then DAX and DALIM  are computed using equations 66, 67, block 766. Then,
the average value of the sums,[err]are computed, block 768 and computed 127
and 127a,block 770. As re 5         presented by block 772,the  block SP
measurents are   normalized with the value of       5 XSP for the interval.
[err]  is now  computed using the using shown  in greater detail in Fig.
26.Referring  now to fig. 26,  the subroutine is entered via block 780,
and decision  element if [err] is greater than 0.3. If. of sodium chloride
in the mud filtrate, [err] computed according to equation 128,block 784 and
is not, PPM[err]is computed. according to  equation - 129, block 786.  Then
parts per  million  times [err]of sodium chloride in water, PPM,, is
computed using equations; 129a130 and 131 block 786 and if the PPM[err] is
less than 0.02. which question is asked - by decision 15      element 788,
Rw is computed using equation 132, block 790. Otherwise, [err] is com-
15 puted using equation 133, block 792 and the program returns, block 794.
Referring back to Fig. 25, [err] is next determined from  the [err]QL
array, block 800 after which [err]-QL is computed using equation 103, block
802. If this is not the last interval, NO answer from  decision element
804, the program oes 20      to the next interval, block 806 and returns to
block 662 where the analysis ofthe  20 next interval begins. After all the
intervals  have been analyzed, the program prints out the values of the
computed parameters and also can automatically punch the input cards
required for running  the interpretation program, as represented by block
808, before exiting, block 810. 25           While there has  been
described what is at present considered to be pre-      2 ferred
embodiments of this invention, it will be obvious to those skilled, in the
art that various   changes and modifications may be made therein. Attention
is directed to our co-pending United Kingdom Patent Application No.
25052/76, Serial No. 1,457,759, which was divided out of the present
application 30           WHAT WE CLAIM   IS:          .30 1. A method for
producing at least one signal representative of a paramr for evaluating an
earth formation traversed by a borehole comprising the steps of:. a)
deriving a plurality of clay parameter signals providing different
respective representations varying, with the clay content of an earth
formation at a  plurality of 35      depth levels over a borehole section
from measurements of a plurality  tin         35 characteristics; b)
combining said clay parameter signals to determine a best clay or clean
zone including at least one of said depth levels in the borehole section;
and c) deriving at least one signal representative of an input parameter
for 40       evaluating the formation from at least one measurement of a
formation characteristic  40 in said best zone. 2. The metho of claim
1,wherein said combining  step b) comprises:. producing a function of a
plurality of said clay parameter signals forea of a plurality of depth
zones over he borehole section;  and 45        determining the best zone a
depth zone which corresonds to an optimum   of said function over the
borehole section.- 3. The method of claim    wherein said best zone is a
best clay  zone such function being enhanced towardsuch op        by values
of those clay parameter signals which correspond to higher clay contents.
50           4. The . method of. claim 2, wherein said best zone is.a best
clean zone, such  50 function being enhanced toward such optimum by values
of those clay parameter signals which correspond to lower clay contents. 



5. The method of claim 3 or 4, wherein said:optimum is an extremum value of
the corresponding function. 55           6. The method of any of claims 1
to 5, wherei said step c) includes producing  55 a signa representative of
.a value of a formation characteristic in the respecive best zone as the
respective input parameter signal. 7. The  method of any of caims 1 to 5,
wherein said step c) includes pro- ducing at least one signal
representative of a formation characteristic measurement 60      in the
respective best zone and combining said produced signal with signals repre-
60 sentative of formation characteristic measurements in the borehole
section to pro- duce the respective input parameter signal. 8. The method
of  any of claims 1 to 5, further including the step of select-
1,457,758                                    52 [err]  are computed using
equations 75 and 76, respectively, block 764 and then DAX and DALIM  are
computed using equations 66, 67, block 766. Then,the average value of the
sums, [err] are computed, block 768 and [err] are computed using equations
127 and 127a, block 770. As re- 5      presented by block 772, the SP
measurements are normalized with the value of        5 XSP for the
interval. [err] is now computed using the value of SP[err] (block 774).
This operation is shown in greater detail in Fig. 26. Referring now to Fig.
26, the subroutine is entered via block 780, and decision element 782 asks
if [err](75) is greater than 0.3. If 10      it is, the parts per million
times 10[err] of sodium chloride in the mud filtrate, PPM[er]r is  10
computed according to equation 128, block 784 and if it is not, PPM[err] is
computed according to equation 129, block 786  Then parts per million times
10[err] of sodium chloride in water, PPM[err] is computed using equations
129a, 130 and 131, block 786 and if the PPM[err] is less than 0.02 which
question is asked by decision 15      element 788, Rw is computed using
equation 132, block 790. Otherwise, Rw is com- puted using equation 133,
block 792 and the program returns, block 794. Referring back to Fig. 25,
[err] is next determined from the Rw QL array, block 800 after which [err]
is computed using equation 103, block 802. If this is not the last
interval, NO  answer from decision element 804, the program goes 20      to
the next interval, block 806 and returns to block 662 where the analysis of
the  20 next interval begins. After all the intervals have been analyzed,
the program prints out the values of the computed parameters and also can
automatically punch the input cards required for running the interpretation
program, as represented by block 808, before exiting, block 810. 25
While there has been described what is at present considered to be pre-
2 ferred embodiments of this invention, it will be obvious to those skilled
in the art that various changes and modifications may be made therein.
Attention is directed to our co-pending United Kingdom Patent Application
No. 25052/76, Serial No. 1,457,759, which was divided out of the present
application. 30           WHAT WE CLAIM IS:-
30 1. A method for producing at least one signal representative of a
parameter for evaluating an earth formation traversed by a borehole
comprising the steps of: a) deriving a plurality of clay parameter signals
providing different respective representations varying with the clay
content of an earth formation at a plurality of 35      depth levels over a
borehole section from measurements of a plurality of formation  35
characteristics; b) combining said clay parameter signals to determine a
best clay or clean zone including at least one of said depth levels in the
borehole section; and 



c) deriving at least one signal representative of an input parameter for 40
evaluating the formation from at least one measurement of a formation
characteristic  40 in said best zone. 2. The method of claim 1, wherein
said combining step b) comprises: producing  a function of a plurality of
said clay parameter signals for each of a plurality of depth zones over the
borehole section; and 45           determining as the best zone a depth
zone which corresponds to an optimum of  45 said function over the borehole
section. 3. The medthod of claim 2, wherein said best zone is a best clay
zone, such function being enhanced toward such optimum by values of those
clay parameter signals which correspond to higher clay contents. 50
4. The method of claim 2, wherein said best zone is a best clean zone, such
50 function being enhanced toward such optimum by values of those clay
parameter signals which correspond to lower clay contents. 5. The method of
claim 3 or 4, wherein said optimum is an extremum, value of the
corresponding function. 55           6. The method of any of claims 1 to 5,
wherein said step c) includes producing  55 a signal representative of a
value of a formation characteristic in the respective best zone as the
respective input parameter signal. 7. The method of any of claims 1 to 5,
wherein said step c) includes pro- ducing at least one signal
representative of a formation characteristic measurement 60      in the
respective best zone and combining said produced signal with signals repre-
60 sentative of formation characteristic measurements in the borehole
section to pro- duce the respective input parameter signal. 8. The method
of any of claims 1 to 5, further including the step of select-    53
1,457,758                  1,457,758 ing among said clay parameter signals
at least two which are reliable to combine them as per step b). 9. The
method of claim 8, wherein said selecting step includes correlating said
derived clay parameter signals over the borehole section and selecting
those two which 5       correlate best as said reliable clay parameter
signals.                               5 10. The method of claim 8, wherein
said selecting step includes correlating said derived clay parameter
signals with one another over the borehole section and selecting as a pivot
indicator that clay parameter signal which globally correlates best with
all the others. 10           11. The method of claim  9 or 10, wherein said
step of selecting further         10 includes selecting all the clay
parameter signals which have mutual correlation co- efficients greater than
a given limit. 12. The method of any of claims 1 to 11 further comprising,
prior to said com- bining step b), 15           normalizing the variations
of each one of said combined clay parameter signals        15 by
referencing the difference computed between a statistical maximum  and a
statistical minimum thereof to a common scale. 13. The method of claim 12,
wherein said normalizing step includes referencing a given minimum
variation [err] to said common scale whenever said computed dif- 20
ference is not greater than said minimum variation [err] for a clay
parameter signal K.  20 14. The method of any of claims 1 to 13, wherein
said step b) comprises: combining at least some of said clay parameter
signals to produce for each pair of depth zones (ij), a function F' (ij) of
the variations in the value of each one of said combined clay parameter
signals between the zones (i) and (j), for all 



25       said combined clay parameter signals;
25 combining the values of F'(ij) for all (j) zones to produce a
representation P'(i) for each of said depth zones (i); and selecting the
depth zone (i) which corresponds to an extremum of the representa- tion
P'(i) as the best clay or clean zone. 30           15. The method of claim
14, whereinsaid function F'(i,j) is chosen as              30 [err] [err]
represents the normalized variation of the clay parameter signal K between
the levels 35       (i)and The method of claim 14 or 15, wherein the
representation P(i) is chosen as: [err] and wherein sign (ij) is given the
following values: +1,if no clay parameter signalk increases from levels i
to j; 40           0, if only one clay parameter signal k increases from
levels i to 1;             40 -1, if more than one clay parameter signal k
increases from levels i to i; to determine the best clay zone; and +1,if no
clay parameter signal k decreases from levels i toj;.. 0, if only one clay
parameter signaldecreases from levels i to j; 45           -1, if more than
one clay parameter signal decreases from levels i to j;           45 to
determine the best clean zone 17. The method, of any of claims 1, to 16,
wherein said clay parameter signals of step a) are representative of at
least some of the following parameters: a) the natural radioactivity, GR;
50           b) the spontaneous  potential SP;
50 c) the product [err] d) the apparent matrix density[err]    e) the ratio
(13) f) the ratio [err] h) the maximum diameter of the borehole in clay in
connection with equations (12) to (15) herein. 18. The method of any of the
preceding claims, wherein the measurements from which said clay parameter
signals are derived per step a)include measurement of the hydrogen content
and bulk density of the earth formation. 19. The method of any of claims 1
to 18, further including   the step of using said at least one input
parameter signal in selecting a set of relatively argillaceous and/or a set
of relatively clean depth 1evels in said borehole  section and combining
signals derived from  measurements of at least one formation characteristic
over at least some of said selected depth levels to produce a signal
representation useful to 20       evaluate the formation in said borehole
section.                                          20 20. The method of
claim  19, wherein said signal representation is of an input parameter
valid over the borehole section. 21   e method of claim  20, wherein said
input parameter signal tion is of a calibration correction for measurements
of said at least one formation 25       characteristic. 22. The method of
claim  20, wherein said input parameter signal tion is of a formation
parameter valid in said borehole section. 23. The method of claim 22,
wherein said  formation  parameter is formation 



water resistivity. 30            24. The method  of any of claims 19 to 23,
wherein said selected   set of depth levels is a set of relatively clean
depth levels. 25. The method of any of claims 19 to 23 comprising repeating
the steps of b) and c) for a plurality of borehole sections to determine
the respective best clay and/or clean zones and input parameter signals and
combining said input para- 35       meter signals   to derive to  clay
and/or a clean selection parameter  signal used in            35 selecting
said set of relatively argillaceous  depth levels  and/or said set of
relatively 26. The method of claim 25, wherein said step of usingsaid at
least one input parameter signal in selecting such set of depth levels
comprises  deriving both 40   nd clean selection  parameter signals and,
using, both said signals for selecting said    40 set of relatively
argillaceous depth levels and/or said set of relatively clean depth levels.
27. The method of claim  25 or 26  wherein said clay or clean selection
para- meter signal is an extremum  value derived from  the measurements of
a  formation 45       characteristic in the respective best zone.
45 28. The method of claim  26, wherein said clay selection parameter
signal is the maximum  value GRmax of natural gamma ray measurement derived
from said best clay zones and said clean selection parameter signal is the
minimum    C   L   M   S * 1,457,758                                5
value.GRmin  of natural gamma ray measurements derived from said best clean
zones. 29. The method of claim 27 or 28, wherein said extremum value is
used to determine the value of pure clay natural gamma ray and/or
spontaneous potential measurements and/or the value of clean sand natural
gamma ray and/or spontane-       5 ous potential measurements applicable at
each depth level for determining whether such level may be selected in the
relatively argillaceous or in the relatively clean set. 30. The method  of
any of claims 1 to 18, comprising repeating the steps b) and c) for a
plurality of borehole sections to determine the  respective best zones 10
and input parameter signals  and
10 combining said respective input parameter signals to produce at least
one signal representative of a parameter useful in evaluating the formation
traversed by said borehole sections. 31. The method of any of claims 1 to
3, wherein said step b) of determining 15      the best clay zone is
repeated for a plurality of respective borehole sections, and  15 further
comprising f) selecting amongthe best clay zones determined for said
borehole sections a pivot zone wherein at least. one signal representative
of a predetermined  forma- tion parameter satisfies a predetermined optimum
relationship. 20           32. The method of claim 31, wherein said
predetermined formation parameter    20 of step f) is chosen from a group
comprising the formation apparent matrix density and; a parameter M
functionally related to measurements of both bulk density and sonic transit
time of the formation. 33. The method of claim  31 or 32 wherein the step
c) of deriving said at 25      least one input parameter signal for the
borehole section containing said pivot zone  25 includes: cl) determining
if a predetermined formation parameter signal in the pivot zone satisfies a
first given relationship, and, if it does, c2)retaining  atleast one signal
representative  of a formation characteristic 



30      measurement in said pivot zone from a group including and not
restricted to bulk    30 density, neutron derived porosity, sonic transit
time  resistivity, spontaneous poten- tial .and natural   gamma radiation
as one such input parameter signal of step c) valid for clay throughout the
borehole section containing said pivot zone. 34. The method of claim 32 or
33  comprising,  if a predetermined formation 35      parameter signal
satisfies a second given relationship:                             35 c'2)
producing a signal approximately representaive of the clay content in said
pivot zone, and c'3) combining said clay content signal with at least one
signal representative of a formation characteristic measurement in said
pivot zone from a group com- 40      prising and  not restricte  to bulk
density neutron derived porosity, sonic transit  40 time, resistivity,
spontaneous potenial and natural gamma radiation to produce at least one
such input parameter signal as defined in step c) which is valid for clay
throughout the borehole section containing said pivot zone. 35. The method
of claim 33 or 34 wherein the predetermined formation para- 45      meter
is chosen from  a group comprising the apparent matrix density ofthe
formation and a parameter M functionally related to measurements of both
bulk density and sonic transit time of the formation. 36. The method of any
of claims 31 to 35 further comprising the step of deriv- ing a signal
representative of a  formation parameter from measurement of at least 50
one formation characteristic in said pivot zone  and combining said signal
with     50 at least one signal related to at least one formation
characteristic measurement in one of the best clay zones other than said
pivot zone to produce a signal representative of one such  input parameter
as defined in step  c) valid  throughout the borehole section which
contains - said other best  clay zone for evaluating the formation. 55
37. The method of any of claims 31 to 35 wherein said step c) of claim 1
55 includes, for each borehole section containing a best clay zone other
than said pivot zone: c4) determining if the value of a predetermined
formation parameter signal in the respective best clay  zone satisfies a
third, given relationship and, if so, 60        . c5) retaining   at least
one. signal representative of a formation characteristic  60 measurement
in  the respective best-clay zone as one such input parameter signal of
step c) valid for clay  throughout the respective borehole section. 38.The
method of claims 37 wherein the third given relationship of step c4) is at
least partly determined by the value of an input parameter signal deter- 65
mined in the pivot zone.    1,457,758 39. The method of claim 37 or 38
including if the predetermined formation parameter of step c) satisfies a
fourth given relationship, 6) producing signal providing an approximate
representation of the clay content in the respective best clay zone, based
on an input parameter determined for 5       said pivot zone and combining
the clay content signal of c6) with at least one signal repre- sentative of
a formation  characteristic measurement  in the respective best clay zone
to produce at least one such input parameter signal as defined in step c)
which is valid for clay throughout the  respective borehole section. 10
40. The method of claim 39, wherein step c7) is not carried out if the clay
content signal of c6) is below a predetermined level and comprising
deriving input parameter signals for evaluating the formation in the
repective   borehole section from such input parameter signal as derived
per step c) for at least one adjacent bore- 



hole section. 15           41. The method of any of claims 1 to 18 wherein
the best clay and/or  clean       15 zones are determined for a plurality
of borehole sections,further comprising: determining the maximum value
GRmax of natural gamma ray measurements in the best clay zones; and/or the
minimum value [err] of the natural gamma ray measurements in the best clean
zones; 20           determining  formation  interval sections ons over
which  the natural gamma ray     20 measurement is relatively stable over a
predetermined minimum thickness; and selecting such stable value as a
measure of the natural gamma ray in pure clay if such stable value is
sufficiently, near the GRmax value in accordance with a pre- determined
relatonship     and/or as a measure of the natural gamma ray in clean 25
formations if such stable value is sufficiently near the GRmin value in
accordance    25 with a predetermined relationship. 42. The method of claim
41 further comprising selecting as a line repre- sentative of the natural
gamma ray measure in clay in said borehole sections a broken line formed by
extending said selected, respective stable values representations 30
and/or as a line representative of the natural gamma ray -measure in clean
formation  30 in said borehole sections a broken line formed by extending
said respective selected stable values.. 43. The method  of claim 42
wherein both broken line representations in clay and clean formation are
selected, further comprising. 35           determining a measure of' clay
content [err] at selected depth levels in the     35 borehole sections by
interpolation between said broken lines. 44. The method of any of claims 1
to 18 and 41-43 further comprising selecting as a line representative of
the spontaneous potential in clay or clean formations m said borehole
sections a broken line formed by extending SP value representations 40
stable over a minimum interval thickness and corresponding atleast in part
to a      40 predetermined range of values of a shale responsive formation
parameter such as [err] or apparent matrix density. 45. A method for
evaluating earth formations traversed by a borehole, com prising: 45
a) deriving signals from measurements of a plurality of earth formation
charac-   45 teristics at depth levels in a borehole section; b) combining
a plurality of the derived signals over the borehole section to determine
at least one statistically extremum value of these combined signals; c)
deriving from  at least one of the combined signals which led to said 50
extremum  value a discriminating relationship which can be used to -select
at least  50 one set of depth levels in the borehole section and d)
combining a plurality of the signals derived from the depth levels of the
selected set to produce at least one input parameter signal valid over the
borehole . section for evaluating the formation. 55           46.  The
method of claim 45, wherein at least some of said signals combined       55
per step b) provide representations related to the clay content of the
formation. 47. The method of claim 45 or 46, wherein said discriminating
relationship of step c) is based  on at least one  reference value, derived
from  measurements of a formation  characteristic in a  best zone of the
borehole section wherein said signals 60      combined per step b) reach
said one extremum  value.:                                 60 48. The
method of any of claims 45 to 47, wherein said signals combined per step b)
include signals functionally  related to a difference between neutron and
density derived porosity measurements and/or signals  functionally related
to  a ratio of neutron and density derived porosity measurements.   
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57 49. e<3w~tn   of. any of claims 45 to 48, wherein said step d) indludes
-' :d-l) dete~mininat least one statistically optimum value of said derived
signals over he dphlevels'theSelected set, an-d ) ,                    p
aramter signal from said:- optimum value. 5- 550. -The methodf daim 49,
wherein said optimumi 'value determining step dl)              5
--includesproucing   il o    representation   of e  frequency of occurrence
of vHalue's-osf s'ai 'derived sgns over saidmseected oneseit of -depth
levels and selecting -:'the valuco  o niO  to arpredete     frequency
cut-off in said- functional re- presentation as sai  ticall optimum.value.-
1'0    ~'. -<'51. -s'T ethb4    any   dclaims 45 to. 50, wherein the depth
levels of said    10 - selocted    i'eae~iit fire shaly.depth levels, 'to
produce at least a representation of a formaton charactesticvalue in shale
as said input parameter Ofastep   sd). .52. The-itidd  de:imf   51, wheren
said sigals -combined per step d) are -  representations of relatively deep
resistivity measurements at depth levels of the 15      sleted set- and
said ihput parameter signal is representative of a maximum vale      15 of
the -shale rsistivity in the borhole section or of a default value of day
resistivity in the borehoe secton. -. 53... Theineodof% any of claims .45
to 51, wherein the derived signals comn- bined per sitep )comprise-
different sets of reptesentations each functionally related 20.    ed
20 20. . a t- least ..    .       t.,,eurtns of :both bulk densitt. and
hydrogen content at depth levels of 2 said selected oneset,  produce said
it least one input arameter signal. . 54  The .merd ofclm 49. or '50,
wherein te derived signals combined per step d) poie          a first and a
second. setdof representations each functionally rdeated to eument of at
least one formationc                 at depth-levels o 25      th slect-d
s-o determine first and second respective such statiscally optimum
25 .valus per0sep7-d1b: and wherein said at least one input'parameter siga
s func- tionaly raed to both said first and second opimum values. *
' .55h"e- method of claim  54,: wheneisai:sdectedone set of depth 'levels
ij a set.4aDie shaly depth':levels in .the- borehole secton, said first and
second sets 30      of represent d functionally related to bulk density and
hydrogen content, said       30 first a     ond a-m  values are
representative. of respective parnxeters of A shale line relatoW ihip -and
a water-dry clay line'relCatonship, and said at least one input pam_  sin
is representative of the neutron derived.:or density derived porosity of
j~ttg  in the formation. 35         -5        4 , The   ,dof claim 54
wherein said seleited one set of depth levels iS  35 ast otmopeshadepth
leves in.the borehole section, said first and second sets of repres
ntfionally related to bulk density and hydrogen content, said firs~t.-and-
ilnd.optimum  valuep are representative of respective parameters of a shale
:liuie' redartk ip and, of a shaly sands trend -line relat ip, and said at
least 40:.     one  1iap~tsneesignail is representative of a parameter of
hard-shale in the        40 40:.  OW   p.0    kOf   '' |SZ *  57.  he  ethd
of. .a~ny'of claiims 45 to So further including oombining at least some of
the signals derived as iper step a) over said borehole sectiond to~elect p
,aeond s~et of depth levels -in. the borehole section, and 45
combining - _   i ,inp~ut parameter s8ignal iwiat: some of the signals
derived per  45 step a)s   ;oset' t derive: a. second input parameter
signal valid for the 58.  he. method.of.  claim  57, further.,comprising
combining signals derived. from at~ leist .one. foiation- characteristic
over..depth levels of said one or of- said '50
hol; section to -produce a thid- input parameter signal valid  50 



*         , ;-. - for'oreho~le' ection and combining said  second- and
third input arameter sWig- nas, .to.,prduce aur;th input parameter sW i id
for the borehole secton. '.':--59.Th em odof. clam 5.8, wherein said one
and second -sets are composed of cleaner an-d ;mo ialy dep~th leels resp d
y, said combined signals derived per ,55      step 1a)6in-ud       j
,ilst.representative of b 4ulkensity and of iiydrogen content of the  55 -
.fomatio  said; -st input parameter signal is representative .of a maximum
porosity vlue in-the-bore   lsectiosaid second input parameter signal is
representative of a par er of a shaly sand trend line r.eatonship,o said
third input. parameter signal is reprse vejofa .parameter of a shale line
relatinship. 60    :       0 T'.,ethd of. any of :claims45 .to 50, further
.comprising combining at       60 east':someaf said signals derived per
step a) over the borehole section to slect -  second'set optl   end   .-ve;
l a-nd co:i ', -Oh-      Y. of .the signals derived from measurements at
depth levels of, .aid ope.    tra plurality of the signals derived.from
measurements at depth    C   L   M   S            1,457,758 1,457,758
58 Levels of said secod set to produce said input parameter signal valid in
the borehole section for evaluating the formation. 61. The method of any of
claims 45 to 50, further comprising: combining at least some of the signals
derived as per step a)over the borehole 5       section to select a second
set of depth levels, and                      - combining  a plurality of
the signals derived from depth levels of the secod set to produce a second
input parameter signal  valid over the  borehole section for evaluating the
formation. 62. The method of claim 61, further comprising 10
combining said first and. said second input parameter signals to produce a
third      10 input parameter signal valid over the borehole section for
evaluating the formation. 63. The method of any of claims 57 to 62, wherein
the depth  levels of said second set are selected on the basis ofa second
discriminating relationship derived as per step c) from an extremum value
derived as per step b). 15           64. The method of any of claims 57 to
63, wherein one of said  first and second     15 sets is comprised of
cleaner depth levels and the other is comprised of  more shaly depth
levels. 65. The method of any of claims 45 to  64, wherein said signals
combined per step d) are derived from measurements of at least formation
bulk density  and hyd 20       gen content and said input parameter signal
is representative of  at least  one among  20 the parameters of shale
clay, or clean formation  formation water apparent resistivity, maximum
porosity, neutron and density calibration and sonic compaction corrections.
66. The method of claim 49 or 50, wherein said selected one set is composed
of cleaner depth levels, said signals  combined per step d) are derived
from measurements 25       of one or both  bulk density and hydrogen
content, and said  optimum value is a      25 statistical maximum of said
signals to produce such input parameter signal which is representative of a
maximum porosity of the formation 67. The method of any of claims 49 or
50,. wherein said selected one set is composed of. cleaner depth  levels
said signals combined per step d) are derived 30      from  measurements of
relatively deep formation resistvity and  of at least one other  30
porosity related charactristics, and said optimum value is a statistical
minimum   to produce such input parameter signal which is representative of
a value of apparent water resistivity of the formation.  . - 68. The method
of any of claims 49 or 50, wherein said  selected one set is 



35       composed of cleaner depth levels and said signals combined per
step d) are derived  35 from, representations of  relatively shallow
formation resistivity and of at least one porosity related measurement and
said optimum value is a  statistical maximum to produce such input
parameter signal which is representative: of a value of apparent mud
filtrate resistivity of the formation. 40           69. The  method of any
of claims 45 to 68, wherein said step b)comprises deter-  40 mining two
statistically extremum values of the combined signals and said step c)
comprises deriving said discriminating  relationship from both of these
extremum values to select said one set of depth levels. 70. The method of
claim 69, wherein these extremum values correspond to a -45      most shaly
zone and to a least shaly zone of the borehole section, respectively.   45
71 The method of claim 69 or 70, wherein said discrimnating relationship is
based upon measurements of spontaneous potential or of natural gamma
radiation in a zone of the borehole section corresponding to said extremum
values. 72. The method of claim 69, where   said step c) comprises deriving
two dis- 50      criminating  relationships from  said two extremum  values
to select a set  of more  50 shaly depth levels and a set of  cleaner depth
levels,  respectively. 73. The method of any of  claims 45  to 72, further
comprising repeating said step b) for a plurality of borehole sections to
determine the respective extremum values and  wherein step c) comprises
combining signals derived from zones corres- 55     ponding to said
extremum  values  for establishing the discriminating relationship in   55
each one of the borehole sections. 74. The method  of any of claims 45 to
60 wherein said selected one set is composed  of  cleaner depth levels and
said signals combined per step d) are derived from measurements of at least
two formation chracteristics to produce such 60     input parameter signal
which -is representative of a  correction factor for  measure   60 ments of
at least  one of these characteristics. 75. The method of claim 74, wherein
said signals combined per step d) include two sets of representations
respectively derived  from measurements of  each one of said two formation
characteristics and said combining step d) includes averaging each    * C
L   M   S   * 59                                          1,457,758
59 set of representations and combining the respective averages for
producing said input parameter signal 76. The method of claim 74 or 75,
wherein said signals combined per step d) include two sets of
representations respectively derived from  measurments of hydrogen content
and sonic velocity and said correction factor is a formation com-       5
paction correction factor for sonic velocity measurements. 77. The method
of any of claim 74 or 75, wherein said signals combined per step d) include
two sets of representations respectively derived from measurements Of
hydrogen content and bulk density of the formation and said correction
factor 10       is a scale shift calibration factor for at least one of
said measurements.              10 78. The method of any of claims 74 to
77, further comprising combining signals derived from measurements of at
least one. porosity related characteristic over said selected set to select
water bearing depth levels among the depth levels of said selected set in
the respective borehole section for use in step d). B. D. STOOLE, Chartered
Patent Agent, Agent for the Applicants. Printed for Her Maesty's Stationery
Office, by the Courier Press, Leamington Spa, 1976 
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