
EP 0 234 731 B1 Description This invention relates generally to a method of
logging a well using a tracer which is, at least initially, non-radioactive
5      During the development and operation of oil orgas wells, various
types of logs are sometimes obtained for providing information about the
conditions or geological structures of the downhole environment of the
well. Pressure, temperature, resistivity, porosity, fracture locations,
fracture types, fracture numbers, frac- ture thicknesses and fracturing
method effectiveness are examples of information sought to be obtained from
various logging techniques. These techniques have included mechanical,
electrical and radiological 10  methods. It is the radiological methods to
which the present Invention relates. In performing radiological logging
methods, different nuclear or atomic reactions or characteristics are
detected. For example, in a known neutron-neutron logging operation, the
relative neutron absorbabilities of different materials found in an earthen
formation traversed by the well are used to show the distinctions between
such materials and their relative locations In theformation. In
neutron-gamma logging, gamma radi- 15 ation is detected to show the
distinctions. During such logging operations the detected characteristics
are induced by an external source of neutrons that bombards naturally
occurring materials. One shortcoming of these techniques Is their lack of
sensitivity or ability to clearly distinguish among the various
radioactivities or absorbabilities of the various types of substances
naturally found in the formation, which substances are not known to the
personnel conducting the tests withoutfirst conducting some other type of
test (for example, 20  the taking of a core sample). Such other test would
slow down the radiological logging techniques and thereby defeat one of
their benefits, which is their ability to be relatively quickly performed.
Another radiological method includes injecting into the earthen formation a
known radioactive subst- ance, such as a radioactive isotope-coated
propping agent, which can be readily traced as to its location within the
formation. This method has been implemented with both radioactive
isotope-coated particulate 25  proppant and with radioactive liquids or
solutions. A significant shortcoming of this method is the risk of exposure
or contamination of personnel, equipment and the environment at the surface
of the well where such radioactive substances must be handled by personnel
underwhatever weather conditions exist at the time. This risk of exposure
or contamination also exists with respect to the well bore equipment
through which the radioactive substance mustflow and with respectto the
formations intowhich the radioactive sub- 30  stance may uncontrollably
flow. Additionally, if the radioactive proppant flows back up the well,
there is the risk of a possibly uncontrollable exposure orcontamination
atthe surface. Anotherdisadvantage of this prior method is that because all
of the injected substance is radioactive atthe time it is injected, the
entire injected quantity continues to radioactively decay so that
additional logs cannot be run in the future until the injected material has
sufficiently decayed. 35     A more indirect radiological method for
determining features of the downhole earthen formation, and one from which
no direct downhole log is obtained, is disclosed in U.S. Patent 3, 002, 091
to Armstrong. The Armstrong method pertains to a non-radioactive material
which is flowed into one well, through a for- mation and out of another
well, at which point of production from the second well the material Is
irradiated at the surface to determine how much of the material made it
through the formation, thereby giving some 40  indication of the nature of
the formation. A shortcoming of this technique is that it produces a
radioactive substance at the surface of the second well, which radioactive
substance need to be carefully handled and disposed of to prevent exposure
and contamination. Thus, this initially non-radioactive method still poses
exposure and contamination risks by being subsequently made radioactive at
the surface after it has flowed through the formation. Additionally, this
technique does not Identify specific locations of features of the ear- 45
then formation. In the hydrology art, nuclear logging techniques are also
used. In the technical report Nuclear Well Logging In Hydrology' 1971,
pages 43 to 50 (published by International Atomic Agency, Vienna),
reference is made to the use both of radioactive tracers and of certain
non-radioactive tracers. We have now devised a method of well logging which
uses a tracer which is, at least initially, non- so  radioactive. In
accordance with the present invention, the tracer is irradiated with
neutrons before it is depo- sited in the earthen formation. Thus, the
present invention provides a method of logging a well, comprising moving a
tracer into the well so that the tracer is deposited In an earthen
formation of the well, the tracer being non-radioactive at least until just
prior to entering the well ; irradiating the tracer so that is exhibits at
least one tracer characteristic distinguishable from earthen formation
characteristics ; and detecting the at 55  least one tracer characteristic
after the tracer has been deposited in the earthen formation, characterised
in that the step of irradiating the tracer includes passing it through a
source of neutrons before it is deposited 



in the earthen formation. The invention also includes a method of detecting
afracture in an earthenformation of awell, comprising 2    EP 0 234731 B1
locating a source of neutrons near the mouth of the well ; moving into the
source of neutrons a neutron-res- ponsive non-radioactive isotope tracer,
converting the neutron-responsive non-radioactive isotope within the source
of neutrons into a radioactive isotope tracer; moving the radioactive
isotope tracer from the source of neutrons into the well for depositing in
the fracture; and detecting the radioactivity emitted from 5   the
radioactive isotope tracer deposited in the fracture. Since the tracer is
initially non-radioactive, it can be easily and safely maintained and
handled at the surface of the well without concern for radioactive exposure
or contamination. When it has been put into the injection system, it is
irradiated and made radioactive just prior to entering the well. The method
of the present invention is readily controllable as to where the material
is to be deposited and as to how much is 10  to be radiologically
activated, and the method can be Implemented to produce severals logs
overtime using only a single injection of the tracer. The present invention
can be implemented with known equipment, such as of the type previously
used in neutron-neutron logging and neutron-gamma logging operations.
Through use of the present invention, specific information about the
location of features in the earthen formation can be directly obtained. 15
In one embodiment of the present invention, the tracer Is irradiated to an
extent such that not all of it exhibits the tracer characteristic, and
wherein after the tracer has been deposited in the earthen formation, a
source of neutrons is lowered Into the well and activated to emit neutrons
into the earthen formation so that the remainder of the tracer then
exhibits at least one tracer characteristic in response to the emitted
neutrons. Preferably, in this procedure, the step of detecting the at least
one tracer characteristic of the 20  remainder of the tracer comprises
lowering into the well neutron detector means for detecting the relative
difference between the absorption of neutrons by the earthen formation and
the absorption of neutrons by the remainder of the tracer after the tracer
has been deposited within the earthen formation. In order that the
invention may be more fully understood, reference is made to the
accompanying draw- ings. Figure 1 describes certain techniques and
procedures which do notfall within the scope of the invention 25   but the
description thereof is of assistance to an understanding of Figure 2 which
describes a method In accordance with the invention. In the drawings:
Figure 1 is a schematic sectional view of a well ; and Figure 2 is a
diagram illustrating irradiation of tracer prior to entry into the well. 30
Generally, the method of the present invention comprises the steps of
moving into a well a tracer, which is non-radioactive at least until just
prior to entering the well, so thatthe tracerwill be deposited in an
earthen formation of the well ; and then detecting the atleastone tracer
characteristic afterthe tracer has been depo- sited in the earthen
formation. As used herein, the phrase "just prior to entering the well"
means a location from which further movement of the material is in a
substantially dosed system which ultimately communi- 35   cates with the
well bore so that there is little risk of the material, should it then be
radioactive, exposing or contaminating anything outside the system. As the
tracer is so defined, however, it need never become radioactive so that it
then remains radiologically safe wherever it Is. As used herein,
"irradiating" is given a broad definition of by some means exposing to
radiation, particularly nuclear or atomic radiation, including but not
necessarily limited to gamma radiation or to the emission of alpha or beta
particles or of nucleons. 40      With reference to FIG. 1, a well 2 is
shown bored into the earth 4 so that the well traverses or intersects one
or more earthen formations which may include one or more different
geological strata. Reference will be made to one earthen formation in which
one or more fractures 6 have been formed prior to, or are formed
concurrently with, the step of moving the tracer into the well. That Is,
the procedure as described with reference to FIG. I (as well as the
embodiment subsequently described with reference 45  to FIG. 2) can be
Implemented concurrently with a fracturing operation, whereby the tracer is
mixed with the fracturing fluid, or it can be implemented after the
fracturing operation has occurred. FIG. I also shows a radiation source 8
and a detector 10 concurrently lowered into the well 2 from a logging truck
12. These representations only schematically depict the actual devices as
their associated hoisting and recording equipment located at the surface of
the well 2 are well known. For example, In one 



50   procedure, the source 8 is a downhole accelerator of a type as known
tothe artfor emitting a flux of neutrons to bombard the formation and the
deposited tracer. The detector 10 is, byway of example, a Geiger counter or
a scintillation detector of known types for detecting gamma radiation or a
suitable detector for detecting thermal neutrons, depending upon which
reaction or characteristic (i.e., gamma radiation or thermal neut- rons) is
to be detected, as more particularly described hereinbelow. 55      FIG. 1
still furthershows a tracer 14 which in general isa radiation-responsive
substance and which In FIG. I specifically includes a particulate proppant
made of a suitable material that readily mixes or inter- faces, in a
non-reactive or otherwise non-deleterious manner, with the carrier fluid,
such as the fracturing fluid, carrying the tracer Into the well 2. A
suitable particulate proppant is the type used in [err] propping 3    EP 0
234 731 B1 agents or as disclosed in U.S. Patent 4, 199,880 to Moon. One
specific type of suitable substance includes appropriately sized grains of
mold sand. It is to be noted, however, that in general the tracer can be in
a suitable form other than particulate (e.g., liquid or foam, or
otherwise). In FIG. 1, the proppant is coated with an infusible resin
containing a suitable quantity of a neutron-res- s   ponsive
non-radioactive substance, such as the non-radioactive Isotopes of iridium
191, iridium 193, or cad- mium 113. Non-radioactive Isotopes of boron and
indium may also be suitable. The substance which is to be included in the
preferred proppant, whether by coating or other suitable association with
the carrier ele- ment of the proppant, is neutron-responsive so that it
readily reacts to neutrons, such as by absorbing ther- mal neutrons to
exhibit a relatively large atomic cross section. By such responsiveness to
neutrons, the 10  substance yields the characteristic (e.g., gamma
radiation or neutron absorption) which is distinguishable from the
characteristics of the materials in the surrounding formation. This
substance is also at least initially non-radioactive so that it can be
safely handled without fear or risk of radiation exposure or contamination
atthe surface of thewell until itis introduced into the system bywhich it
isto be moved into the well. Although the proppant is initially
non-radioactive, the isotope of the proppant Is one which either becomes
radioactive, 15  whereby the created radioactive isotope decays and emits
gamma radiation detectable by a suitable embo- diment of the detector 10,
or otherwise undergoes a nuclear or atomic reaction, such as by simply
absorbing one or more neutrons to an extent greater than the materials of
the surrounding formation. Such a reaction occurs in response to the
external neutrons emitted from the accelerator 8. If the original substance
Is to react by forming a radioactive isotope, the radioactive isotope
preferably has a known half-life of between 20  approximately a few seconds
and approximately 100 days so that prolonged Irradiation by the accelerator
8 is not needed for the reaction to occur and so that adequate detection
time exists once the conversion has occurred. For the arrangement shown in
FIG. 1, the general step of moving the tagging agent into the well par-
ticularly includes depositing a suitable quantity of the neutron-responsive
non-radioactive isotope in the frac- 25  ture in the earthen formation.
Such depositing occurs by controlling the carrier substance, such as the
fracturing fluid, in creating the fracture or by otherwise conveying the
proppant (or other suitable form of the tracer into the fracture. Such
depositing can be implemented using known injection equipment of the type
used with the aforementioned fracturing fluids. This equipment flows the
proppant into the well and builds up relatively large deposits of the
proppant in the fractures, as illustrated in FIG. I by the proppant 30  14
located in the fractures 6. With reference to a tracer which is activated
into a radioactive isotope which emits gamma radiation, such as iridium 191
or iridium 193, the general step of irradiating the tracer includes
lowering the source 8, such as the aforementioned neutron-source
accelerator, into the well 2. In general, this step of lowering is
performed after the tracer has been deposited; however, this is not a
necessary limitation. The step of 35  irradiating also includes creating
with the source 8 atomic reactions In both the earthen formation and the
isotope associated with the deposited proppant. These atomic reactions are
created by activating the source 8 so that neutrons are emitted into the
earthen formation to then activate the tracer, whereupon the activated
tracer exhibits the at least one tracer characteristic which is
distinguishable from the earthen formation characteristics (i.e., the
emission of gamma radiation in this particular description. 40      In a
specific implementation, a suitable downhole accelerator is activated so
that the formation and the deposited proppant are exposed to the desired
flux of neutrons. The flux of neutrons initially produced by the
acceleratorcomprises a large flux offast neutrons which ultimately slow
down and become thermal neut- 



rons that are absorbed by, or otherwise affect, the non-radioactive isotope
associated with the proppant, which isotope thereby is converted into the
radioactive isotope. This flux is controlled so that at least a por- 45
tion of the quantity of the neutron-responsive non-radioactive Isotope is
converted into the radioactive iso- tope emitting gamma radiation which Is
distinguishable from gamma radiation emitted by the earthen formation in
response to the bombardment of neutrons from the accelerator. In this
embodiment, the step of detecting the characteristic includes detecting the
difference between the atomic reactions of the earthen formation to the
neutrons and the atomic reactions of the isotope to the so   neutrons so
that at least one feature of the fracture in which the isotope is deposited
is determined. Speci- fically, the detector 10, in the embodiment of a
gamma radiation detector, is lowered into the well for detect- ing gamma
radiation emitted from the tracer after the tracer has been deposited In
the earthen formation and after it has been irradiated. As indicated in
FIG. 1, the lowering of the detector can be concurrent with lowering of the
radiation source 8. Thus, In this configuration, the source 8 is activated
for a desired time 55   at one or more locations, and the detector 10
follows to monitor the resultant gamma radiation. By repeating the steps of
irradiating and detecting, a multiple-depth or continuous log can be
created throughout a selec- ted length of the well. When the proppant 14
includes cadmium 113, or other suitable material which is particularly good
at 4    EP 0 234 731 B1 absorbing neutrons to an extent greater than the
substances likely to be naturally occurring In the earthen formation, the
steps are similar to those just described except that the step of creating
the atomic reactions includes converting at least a portion of the quantity
of the neutron-responsive non-radioactive isotope into a quantity of an
isotope having one or more additional nucleons (i.e., neutrons or protons)
therein so that 5   neutrons from the source of neutrons are relatively
more absorbed in the isotope deposited in the fracture than in the earthen
formation. Stated anotherway, the parent material isotope is transformed
into a daughter material isotope with a greater atomic weight. With respect
to cadmium 113, at least, this conversion changes the non-radioactive
cadmium 113 isotope into another non-radioactive isotope, cadmium 114;
therefore, with this specific material even the converted tracer Is
non-radioactive, which is a significant 10  advantage of this embodiment
Another exception of the neutron-absorbing embodiment over the gamma-
radiation embodiment Is that the step of detecting the tagging agent
characteristic includes lowering into the well a suitable embodiment of the
detector 10 by which the relative difference between the absorption of the
neutrons by the earthen formation and the absorption of the neutrons by the
tagging agent is detected The foregoing procedures described with reference
to FIG. I are particularly suited for producing mul- 15  tiple logs over an
indeterminate period of time (which may even extend well beyond the
half-life of the radioactive isotope into which the original proppant
isotope is converted in the one arrangement) without having to reinject any
additional material. For this specific adaptation of making multiple logs,
the steps are similar to those already described exceptthat attention is
given to how much of the original deposited quan- tity is converted during
each logging operation. Generally, the irradiating step of creating atomic
reactions 20  includes converting a first portion of the quantity of the
neutron-responsive non-radioactive isotope into a quantity of an isotope
which gives within the fracture the at least one characteristic that is
distinguishable from the characteristics of the earthen formation.
Additionally; the overall method further comprises con- verting, at a time
after an earlier performance of the step of detecting the difference
between the atomic reactions created by the step of converting the
aforementioned first portion, a second portion of the quantity 25   of the
neutron-responsive non-radioactive isotope into a separate quantity of an
isotope which gives at least one characteristic distinguishable from
characteristics of the earthen formation. Following this step, the dif-
ference between the at least one characteristic given the separate quantity
of isotope and the characteristics of the earthen formation is detected.
One of two techniques is used to control the irradiating of the tracer so
that a sufficient quantity of the 30   original non-radioactive Isotope
remains after the Initial logging to provide a deposit which can be subse-
quently irradiated and detected. In one of the techniques, the step of
converting a first portion of the quantity of the non-radioactive isotope
includes exposing the originally deposited quantity of the non-radioactive
iso- tope to the source of neutrons and controlling the length of time of
the exposure to define the size of the first portion. In the other
technique, the size of the converted first portion is controlled or defined
by having 35  the step of converting a first portion of the quantity of the
non-radioactive isotope include the step of exposing 



the quantity of the non-radioactive isotope to the source of neutrons for a
predetermined time period and by having the step of depositing the original
quantity include the step of flowing into the well, as the quantity of the
neutron-responsive non-radioactive isotope to be deposited in the fracture,
an amount dependent upon the predetermined time period to which the
quantity will be exposed to the source of neutrons. 40      The
aforementioned exposure-time and deposited-quantity controls for defining
the portion of the origi- nal quantity of non-radioactive isotope converted
into another isotope are illustrated by the following example wherein it is
assumed that a proppant including ten (10) grams of the Iridium 191
isotope, in the form of iridic potassium chloride [err] has been deposited
in the well 2, wherein the temperature is 1000C, for conversion into the
radioactive isotope, iridium 192, which emits detectable gamma radiation.
45  Various activities, A, proportional to the converted positions of the
deposited quantity will be determined for various activation times of the
source 8 (embodied as a neutron accelerator which emits a neutron flux of
[err] = 1.5 x [err] neutrons/[err]-sec), thereby Indicating the need to
control either the exposure time or the deposited quantity. From equations
known to the art, so      A = (2.7 x [err](1 - [err]) microcuries, where
[err] Is the flux of thermal neutrons to which the parent material (i.e.,
the original non-radioactive substance) is subjected; [err] is the neutron
capture cross section in [err] for thermal neutrons of the parent material
[which equals the product of [err] where T is in degrees Kelvin]; [err] is
the amount of parent nuclei; X Is the decay constant in seconds-' of    EP
0 234 731 B1 the newly formed material (which equals [err] where [err] =
the radioactive half-life in seconds); and t is the period of time during
which the parent material Is subjected to the neutron flux from the source
8. Because for any selected isotope and neutron source as used In the
present invention, the values of 5     [err] and [err] will be known, the
principal variables by which the activity A can be changed are the original
quantity of the parent material, [err], and the time of irradiation, t.
Furthermore, because A is proportional to the portion of the parent
material that has been converted into the converted isotope (a quantity N),
the ability to make subsequent logs using unreacted portions of the
original deposit of the propping agent is affected by controlling either
the original quantity, [err], or the activation time, t, or both. That Is,
varying the original to  quantity, [err], or the activation time, t, will
produce different amounts of activated material downhole. Continuing with
the example, the weight percent of the iridium 191 isotope in the ten grams
of iridic potassium chloride is 39.78%. Thus, there are 3.978 grams of the
iridium 191 isotope In the tracer, which translates into [err] = 1.247 x
1022 nuclei. The known neutron cross section of iridium 191 is 750b at
[err], thus [err] at the 1000 [err] temperature of the well is 5.89 x
[err]. For the iridium 192 radioisotope produced from the irradiated
Iridium 191 isotope, the half-life, [err], is 74.4 days; therefore, [err] =
1.078 x [err]. The resultant activities of the iridium 192 Isotope created
downhole from the neutron source for acti- vation times, t, of one second,
one minute, one hour and one day are [err] = 3.20x [err] microcuries, A 20
[err] = 1.92x [err] microcuries, [err] = 11.54 microcuries, and [err] =
275.76 microcuries. These activity values clearly exemplify that as the
activation time, t, increases, so does the activity, therebyindicating the
con- version of more of the original deposit. This holds true because the
term [err] of the initial equation increases as t increases. It should be
noted, however, that [err] approaches a value of one as t Increases to
infinity. At a value of t= [err], the [err] term is at a value of
approximately 0.94. 25                          2 From the foregoing, it
has been concluded that the activation time, t, of the neutron source 8
should be limited to a value of less than 4 times the half-life of the
isotope to be created by the neutron flux because for activation times
greater than this, there is a rapid decrease in activation per unit time of
activation. For values of the activation time which are less than t- the
activation per unit of time of activation is approxim- ately constant. The
foregoing considerations pertaining to converted quantities and multiple
logs are addressed prim- arily to FIG. I because FIG. 2 is directed to the
present invention wherein the initially non-radioactive tracer is
irradiated at the surface of the well after it has been safely put into the
injection system, but prior to it 35  flowing into the well. Thus, with the
embodiment of FIG. 2, the safety benefits previously described are
obtained, but the subsequent use of the surface-irradiated material is
substantially the same as in those 



methods such as of the type used In the [err] propping agent Therefore,
since irradiation is at the sur- face in FIG. 2, this procedure is not
necessarily concerned with additional activation for taking subsequent logs
; however, because the non-radioactive tracer is still used, the surface
irradiation can be controlled so 40  that not all of the tracer is
activated whereby there could exist unactivated deposits of the
non-radioactive isotope, which deposits could be subsequently activated
using one of the procedures represented in FIG. 1. Another distinction of
the FIG. 2 procedure from that shown in FIG. I Is that FIG. 2 is directed
to use with materials, such as the iridium 191 and the iridium 193
isotopes, that, upon irradiation, become radioac- 45  tive with gamma ray
emissions. That is, what is to be detected In FIG. 2 is gamma radiation
since no source 8 is being used downhole. However, the scope of the
invention does not preclude modification of the basic FIG. 2 embodiment to
use both a source 8 and a suitable detector downhole. Briefly, FIG. 2
depicts a source of tracer 16, particulary shown as a mixture of the tracer
(in an approp- riate form) with a suitable fracturing fluid, providing a
flow of the tracer Into a radiation source 18, such as 50   a suitable
neutron accelerator 20 housed in a protective shield 22 located near the
mouth of the well 2 (or otherwise downstream of othersurface equipment
wherebysurface equipment exposure and contamination are minimized). As the
non-radioactive isotope-containing tracer passes inside the source 18, the
non- radioactive isotope is converted Into a radioisotope. Such activated
tracer moves from the source 18 into thewell 2fordepositing in
thefractures.Asuitabledetectorofthe gamma radiation detecting type is
lowered 55  into the well for detecting the radioactivity emitted from the
activated tracer. Thus, the present invention is well adapted to carry out
the objects and attain the ends and advantages mentioned above as well as
those inherenttherein. While preferred embodiments of the invention have
been describedforthe purposeofthis disclosure, numerous changes in the
construction and arrangementof parts 6    EP 0 234 731 B1 and the
performance of steps can be made by those skilled in the art. Claims 5 1. A
method of logging a well (2), comprising moving a tracer into the well so
that the tracer is deposited in an earthen formation of the well, the
tracer being non-radioactive at least until just prior to entering the
well; irradiating the tracer so that it exhibits at least one tracer
characteristic distinguishable from earthen formation characteristics ; and
detecting the at least one tracercharacteristic afterthe tracer has been
depo- 10  sited in the earthen formation, characterised in that the step of
irradiating the tracer includes passing it through a source (18) of
neutrons before it is deposited in the earthen formation. 2. A method
according to claim 1, wherein the step of detecting the at least one tracer
characteristic includes lowering into the well a gamma radiation detector
means for detecting gamma radiation emitted from the tracer after it has
been deposited in the earthen formation. 15      3. A method according to
claim 1, wherein the tracer is irradiated so that not all of it exhibits
said tracer characteristic. 4. A method according to claim 3, wherein after
the tracer has been deposited in the earthen formation, a source of
neutrons is lowered into the well and activated to emit neutrons into the
earthen formation so that the remainder of the tracer then exhibits at
least one tracer characteristic in response to the emitted 20   neutrons.
5. A method according to claim 4, wherein the step of detecting the at
least one tracer characteristic of the remainder of the tracer comprises
lowering Into the well neutron detector means for detecting the relative
difference between the absorption of neutrons by the earthen formation and
the absorption of neutrons by the remainder of the tracer after the tracer
has been deposited within the earthen formation. 25      6. A method
according to any of claims I to 5, wherein the step of Irradiating the
tracer includes con- verting it into a radioactive isotope having a known
half-life. 7. A method according to claim 6, wherein the step of converting
the tracer includes emitting neutrons at it for a period of time less than
approximately four times the known half-life of the radioactive isotope
into which the tracer is converted. 30      8. A method of detecting a
fracture In an earthen formation of a well (2), comprising locating a
source (18) of neutrons near the mouth of the well ; moving into the source
of neutrons a neutron-responsive non- 



radioactive isotope tracer; converting the neutron-responsive
non-radioactive isotope within the source of neutrons into a radioactive
isotope tracer; moving the radioactive isotope tracerfrom the source of
neutrons into the well for depositing in the fracture ; and detecting the
radioactivity emitted from the radioactive iso- 35  tope tracer deposited
in the fracture. 9. A method according to claim 8, wherein the step of
moving into the source of neutrons a neutron- responsive non-radioactive
isotope tracerincludes flowing a particulate proppant having an external
coating including an isotope tracer selected from the group consisting of
iridium 191 and iridium 193. 40 Revendlcations 1. Prochd6 de diagraphie
d'un puts (1), consistent A: introduire un traceur dans Ie puts de manibre
que le traceur se d6pose dans une formation terrestre du pults, le traceur
dtant non radioactif au moins jus- 45   que juste avant de phn6trer dans le
puIts ; irradier le tracour de manibre qu'll prhsente au moins une carac-
teristique de traceur pouvant 6tre distingude des caract6ristiques de la
formationterrestre ; et d6tecter la au moins une caracthriatique du traceur
aprbs que le traceur ait 6th dhpos6 dans la formation terrestre,
caract6ris6 en ce que la phase d'irradiation du traceur consists A le faire
passer A travers une source (18) de neutrons avant qu'il ne soit dhpose
dans la formation terrestre. 50      2. Prochd6 selon la revendication 1,
dans loquel la phase de d6tection de la au moins une caracthris- tique de
traceurconsiste A descendre dans le puits un moyen d6tecteurde radiations
gamma pourd6tecter la radiation gamma dmise par le traceur apres qu'il ait
6th dhpos6 dans la formation terrestre. 3. Proc6d6 selon la revendication
1, dans lequel Ie traceur est irradi6 de manibre qu'il no pr6sente que
partlellement ladite caracthristique de traceur. 55      4. Prochdh selon
la revendication 3, dans lequel, aprbs que Ie traceur alt 6te d6pos6 dans
la formation terrestre, on descend une source de neutrons dans le puits et
on l'active pour qu'elle 6mette des neutrons dans la formation terrestre de
fagon que la partie restante du traceur pr6sente ensuite au mains une
carac- teristique de traceur en r6ponse aux neutrons 6mis. 7    EP 0 234
731 B1 and the performance of steps can be made by those skilled in the
art. Claims 5 1. A method of logging a well (2), comprising moving a tracer
into the well so that the tracer is deposited in an earthen formation of
the well, the tracer being non-radioactive at least until just prior to
entering the well; irradiating the tracer so that it exhibits at least one
tracer characteristic distinguishable from earthen formation
characteristics ; and detecting the at leastone tracercharacteristic
afterthe tracer has been depo- 10  sited in the earthen formation,
characterised in that the step of irradiating the tracer includes passing
it through a source (18) of neutrons before it is deposited in the earthen
forrnation. 2. A method according to claim 1, wherein the step of detecting
the at least one tracer characteristic includes lowering into the well a
gamma radiation detector means for detecting gamma radiation emitted from
the tracer after it has been deposited in the earthen formation. 15      3.
A method according to claim 1, wherein the tracer is irradiated so that not
all of it exhibits said tracer characteristic. 4. A method according to
claim 3, wherein after the tracer has been deposited in the earthen
formation, a source of neutrons is lowered into the well and activated to
emit neutrons into the earthen formation so that the remainder of the
tracer then exhibits at least one tracer characteristic in response to the
emitted 20   neutrons. 5. A method according to claim 4, wherein the step
of detecting the at least one tracer characteristic of the remainder of the
tracer comprises lowering into the well neutron detector means fordetecting
the relative difference between the absorption of neutrons by the earthen
formation and the absorption of neutrons by the remainder of the tracer
after the tracer has been deposited within the earthen formation. 25
6. A method according to any of claims I to 5, wherein the step of
irradiating the tracer includes con- verting it into a radioactive isotope
having a known half-life. 7. A method according to claim 6, wherein the
step of converting the tracer includes emitting neutrons at it for a period
of time less than approximately four times the known half-life of the
radioactive isotope into 



which the tracer is converted. 30      8. A method of detecting a fracture
in an earthen formation of a well (2), comprising locating a source (18) of
neutrons near the mouth of the well ; moving Into the source of neutrons a
neutron-responsive non- radioactive isotope tracer; converting the
neutron-responsive non-radioactive isotope within the source of neutrons
into a radioactive isotope tracer; moving the radioactive isotope
tracerfrom the source of neutrons into the well for depositing in the
fracture; and detecting the radioactivity emitted from the radioactive iso-
35  tope tracer deposited in the fracture. 9. A method according to claim
8, wherein the step of moving into the source of neutrons a neutron-
responsive non-radioactive isotope tracer includes flowing a particulate
proppant having an external coating including an isotope tracer selected
from the group consisting of iridium 191 and iridium 193. 40 Revendications
1. Prochdh de diagraphie d'un puits (1), consistant A: introduire un
traceur dans le puits de maniere quo le traceur se dhpose dans une
formation terrestre du puits, le traceur 6tant non radioactif au moins jus-
45   que juste avant de phnhtrer dans le puits ; irradier le traceur de
manibre qu'il presente au moins une carac- teristique de traceur pouvant
6tre distinguhe des caractdristiques de la formation terrestre ; ot
detecter la au moins une caracthristique du traceur aprbs que lo traceur
ait eth depose dans la formation terrestre, caractdris6 en ce quo la phase
d'irradiation du traceur consists a le faire passer A travers une source
(18) de neutrons avant qu'il ne soit depose dans la formation terrestre. 50
2. Prochdd selon la revendication 1, dans lequel la phase de detection de
la au moins une caracthris- tique de traceur consiste A descendre dans le
puits un moyen dhtecteur de radiations gamma pour detecter la radiation
gamma dmise par le traceur apres qu'il ait Mth depose dans la formation
terrestre. 3. Prochdh selon la revendication 1, dans lequel le traceur est
irradi6 de manibre qu'il ne presente que partiellement ladite
caracteristique de traceur. 55       4. Procede selon la revendication 3,
dans 1equel, aprbs que Is traceur ait 6th depose dans la formation
terrestre, on descend une source de neutrons dans le puits et on l'active
pour qu'elle dmette des neutrons dans la formation terrestre de fagon quo
la partie restante du traceur prhsente ensuite au moins une carac-
thristique de traceur en rhponse aux neutrons 6mis. 7    * c   L  r S.
Proced6 selon la revendication 4, dans lequel la phase de d6tction de la au
moins une caract6ris- tique de traceur de la partie restanto du traceur
consists A descendre dans le puits des moyens d~tecteurs de neutrons pour
dhtecter la difference relative entre l'absorption de neutrons par la
formation terrestre et ]'absorption de neutrons par la partie restante du
traceur apres quo Is traceur ait 6t6 d6pos6 dans ia for- 5   mation
terrestre. 6. Proced6 selon l'une quelconque des revendicatfons 1 a 5, dans
lequel la phase d'irradiation du tra- ceur consists a le convertir en un
isotope radloactif poss6dant une p6riode connue. 7. Proc6d6 selon la
revendication 6, dans lequel la phase de conversion du traceur consists a
6mettre des neutrons vers ce traceur pendant une phriode d'une dur6e
inf6rieure a environ 4 fols la p6riode connue 10 de l'isotope radloactif en
lequel Is traceur est converti. 8. Proc6d6 de detection d'une fracture dans
une formation terrestre d'un puits (2), consistant A placer une source (18)
de neutrons dans le voisinage de la bouche du pults ; introduire dans la
source de neutrons un traceur Isotope non radloactif sensible aux neutrons
; convertir l'isotope non radloactif sensible aux neu- trons contenu dans
la source de neutrons en un tracour isotope radioactif; introduire le
traceur isotope 15  radioactif de la source do neutrons dans le puits pour
qu'il se d6pose dans la fracture; etd6tecterla radioac- tivMt6 6mise par le
traceur isotope radloactif d6pos6 dans la fracture. 9. Proc6d6 salon la
revendication 8, dans lequel la phase consistent a introduire un traceur
isotope non radloactif sensible aux neutrons dans la source de neutrons
consists A injecter un agent de soutenement particulaire poss6dant un
revbtement exterieur qul comprend un traceur isotope choisi dens le groups
20  compose de l'iridium 191 et de l'iridium 193.. Anspr~iche 25      1.
Verfahren zur Bohriochmessung, bel dem ein Tracer In das Bohrloch
eingebracht und in einer Erd- formation des Bohrloches abgelagert wird,
wobel der Tracer mindestens bis unmittelbar vor dem Eintritt in 



des Bohdoch nichtradloaktiv ist, der Tracer bestrahit wird und dadurch
wenigstens eine Eigenschaft zeigt, die sich von den Eigenschaften der
Erdformadon unterscheidet, und die wenigstens eine Eigenschaft des Tracers
nach Ablagerung des Tracers in der Erdfornation gemessen wird, dadurch
gekennzeichnet, dael 30  der Tracer wahrend der Bestrahlung durch e.ne
Neutronenquelle (18) geleitet wird, bevor er In der Erdfor- mation
abgelagert wird. 2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dall
bei der Messung der wenigstens einen Tracerelgenschaft
Gammastrahlungsdetektormittel In das Bohrioch abgesenkt werden, um die von
dem Tracer nach seiner Ablagerung in der Erdforrnation emittierte
Gammastrahlung zu messen. 35      3. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, da6 der Tracer in der Weise bestrahit wird, daB nicht der
gesamle Tracer die Tracoreigenschaft zegt. 4. Verfahren nach Anspruch 3,
dadurch gekennzeichnet, daB nach Ablagerung des Tracers in der Erd-
formation eine Neutronenquelle in das Bohrioch abgesenkt und betatigt wird,
urn Neutronen in die Erdfor- mntion zu emittieren, so da6 der restliche
Tracer auf die emiflierten Neutronen anspricht und dann die 40  wenigstens
eine Tracerelgenschaft zeigt. 5. Verfahren nach Anspruch 4, dadurch
gekennzeichnet, da6 be! der Messung der wenigstens einen Trscereigenschaft
des restlichen Tracers Noutronendetektormittel in des Bohrloch abgesenkt
werden, um den relativen Unterschied zwischen der Neutronenabsorption durch
die Erdformation und der Neutronenab- sorption durch den restlichen Tracer
nach Ablagerung des Tracers in der Erdformation zu messen. 45      6.
Verfahren nach elnem der Anspriche I bis 5, dadurch gekennzeichnet, da6i
der Tracer bei der Bestrahlung in ein radloaktives Isotop elner bekanntbn
Halbwertszeit umgewandelt wird. 7. Verfahren nach Anspruch 6, dadurch
gekennzeichnet, daB bei der Umwandlung des Tracers auf die- sen Neutronen
wlhrend elner Zeitdauer emittiert werden, die geringer als ungeflhr die
vierfache bekannte Hallbwertszeit des radloaktivon Isotops ist, in des der
Tracer umgewandelt wird. so      8. Verfahren zum Auffinden sines Spalts in
einer Erdformation sines Bohrloches (2), dadurch gekenn- zeichnet, da6 eine
Neutronenquelle (18) nahe dem Kopf des Bohrioches angeordnet wird, sin auf
Neutro- nen ansprechendes, nicht radloaktives Tracerisotop In die
Neutronenquelle singebracht wird, des auf Neutronen ansprechende, nicht
radioaktive Isotop in der Neutronenquelle in ein radloaktlives Tracerisotop
umgewandelt wird, das radloaktive Tracerisotop zur Ablagerung in dem Spalt
aus der Neutronenquelle in 55   das Bohrioch eingebracht wird, und die von
dem in dam Spalt abgelagerten radioaktiven Tracerisotop abge- strahite
Radloaktivitlt gemessen wird. 9. Verfahren nach Anspruch 8, dadurch
gekennzeichnet, dat belm Einbringen sines auf Neutronen ansprechenden,
nicht radloaktiven Tracerisotops in die Neutronenquelle durch diese ein
komiges Stitz- 8    EP 0 234 731 B1 mittel geleitet wird, das eine Mulere
Beschichtung mit einem Tracerisotop aufweist, das aus der Gruppe Iridium
191 und Iridium 193 ausgewihit ist 5 10 15 20 25 30 35 40 45 50 55 9    


