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[57 ] , ABSTRACT 
Apparatus and methods for verifying the validity of 
data derived at least in part by neutron logging of 
earth formations, and, where indicated, for affording 
neutron diffusion-corrected values of such data, are 
disclosed. In the illustrative embodiments described, 
an earth formation is irradiated with discrete pulses of 

high-energy neutrons, and a neutron characteristic of 
the formation is measured at a first location spaced 
from the neutron source by observing the neutron 
population decay at that location during a time period 
between pulses that is a function of a like earlier 
measurement of the neutron characteristic. The neu-
tron population decay at a second location in the for-
mation is also measured during a time period that is 
functionally related to a measured value of the neu-
tron characteristic, conveniently the earlier measured 
value at the first location. An indication is then de-
rived in response to the population decay measure-
ment at the second location of the validity, specifi-
cally, of either the earlier or current value of the neu-
tron characteristic measured at the first location as a 
measure of the intrinsic value of the neutron charac-
teristic and, generally, of the validity of other neutron-
logging derived data as well. Advantageously, the neu-
tron characteristic measured is a thermal neutron ab-
sorption characteristic of the formation, such as the 
thermal decay time constant. In effect, apparent val-
ues of the neutron characteristic are observed at both 
measurement locations and a comparison of these ob-
servations made to determine the extent of correlation 
therebetween. Close agreement of the apparent values 
indicates an accurate measurement of the intrinsic for-
mation characteristic. Substantial disagreement bet-
weenthe apparent values evidences that perturbational 
effects have significantly influenced the neutron char-
acteristic measurement and that appropriate correc-
tion of the measurement should be made. 

47 Claims, 6 Drawing Figures 
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NEUTRON LOGGING RELIABILITY TECHNIQUES fects of the borehole fluid and casing media on the pop-
AND APPARATUS ulation decay rate may be rendered essentially negligi-

n A ^r- -r-ur- i x ^ b l e > s o t l l a t t h e measured decay rate typifies the forma-BACKGROUND OF THE INVENTION -1 . . . . . ,, 
tion. The period of measurement is additionally se-

1. Field of the Invention 5 lected such that the thermal neutron population de-
This invention relates in general to neutron logging creases exponentially during the period, and the ther-

of earth formations and, in particular, to novel appara- mal decay time measurement (rlol, or Tmeas) is thus the 
tus and procedures for determining the validity, or reli- corresponding apparent decay time constant of the for-
ability, of data derived at least in part by logging neu- mation. 
tron characteristics of earth formations and, if desired, 10 If capture (absorption) were the only process by 
for affording verifiably accurate indications of such which neutrons disappear in a given region of a forma-
data. tion, the measured decay time (rtofl) would be equal to 

2. The Prior Art the intrinsic decay time (rin<) of the formation. More-
In well logging, and particularly in the logging of over, Tiog would be the same wherever measured along 

cased holes, neutron logging techniques have been 15 the formation, assuming of course, a homogeneous me-
found especially useful in investigating connate fluid dia. The thermal neutron density, however, does not 
conditions in formations surrounding a borehole. For decay at the same rate at all points in a formation. This 
example, in one form of pulsed neutron well logging, is because, in addition to disappearing by capture, the 
thermal neutron characteristics of the formations, e.g., neutrons are diffusing, or moving through the forma-
the thermal neutron decay time constant (r) and the 20 tion, resulting in local changes in neutron density inde-
macroscopic absorption cross section for capture of pendent of the absorption process. If the outflow of 
thermal neutrons (2 ) , are measured to differentiate be- neutrons from the measurement region exceeds the in-
tween oil-bearing and water-bearing formations. Other flow, the apparent decay of the neutron population will 
neutron characteristics of the formations, the neutron be faster than absorption alone would produce, and 
slowing down time for instance, may be logged as well. 2 5 conversely. Thus, if the thermal neutron density in the 
These characteristics, when combined with certain formation is highest near the neutron source, as is nor-
known formation parameters, allow information of mally the case, the apparent decay time (T ( O F L) will be 
such formation properties and conditions as porosity, correspondingly shorter near the source and longer at 
water saturation, water salinity, gas-oil contacts, and greater distances. This discrepancy, which at low po-
the like to be derived. For interpretation of these data 3 0 rosities may result in a reduction in r,09 below Tin, in <:>. 
to have validity, however, the logged quantities must cess of 25 percent, may strongly influence the accuracy 
accurately represent actual formation conditions; that of ri„g and hence its validity as a measure of rint. Since 
is to say, there must be assurance that the logging data p an 2 are reciprocally related, £I(J„ is also subject to er-
generated do in fact afford accurate knowledge of the ror, as are other logging data derived from T1OB and 1 l o g . 
precise formation characteristics and parameters of in- jj js important, therefore, that knowledge be provided 
terest. as to the reliability, or validity, of riog and 2(0B as accu-

In interpreting thermal neutron decay time logs, for rate measurements of the corresponding intrinsic char-
instance, it is desirable that the recorded neutron char- acteristics so that appropriate corrective action can be 
acteristics, typically the theremal neutron decay time taken, if needed, to provide more precise measure-
constant (T, in units of microseconds) and the macro- 4 0 ments or at least to know when the measurements are 
scopic absorption cross section for capture of thermal suspect. 
neutrons (1 , in units of cm2/cm3, or cm"1), be represen- U.S. Pat. No. 3,509,342, dated Apr. 28, 1970, to J. 
tative of the intrinsic values of the decay time (Tint) and T. Dewan, and assigned to the assignee of the present 
the macroscopic cross section (2 i n ( ) of the formation application, concerns equipment and procedues for ac-
under study, which are actual properties characteristic counting for the influence of diffusion on neutron ab-
of the formation materials. The TINT of a formation is re- sorption characteristic measurements. A diffusion cor-
lated to its capture properties by r int = 4.55/2i71(, and rection factor is developed, based on the algebraic dif-
hence is simply the time constant for neutron absorp- ference of two observed values of an absorption char-
tion. The logged, or apparent, values r iog and 2 iofl are ^ acteristic and other formation parameters, and applied 
similarly related, i.e., by T;ofl = 4.55/S(os. buy may differ to one observed value to provide a more accurate 
from the intrinsic values Tint and 2 i n ( because of per- measurement of the characteristic. While the Dewan 
turbing factors influencing their measurement. procedures afford useful information, still other tech-

According to one technique of thermal decay time niques for assuring that accurate neutron logging data 
logging, a neutron generator in the logging tool repeat- ^ are obtained are desired, 
edly emits discrete pulses of high-energy, e.g., 14 Mev, C I I , . , . . D V 

neutrons. Following each pulse the neutrons collide SUMMARY OF THE INVENTION 
with nuclei of the materials in the borehole environ- The novel reliability procedures and apparatus of the 
ment, including the formation matrix and fluids. These present invention fulfill the foregoing and other re-
collisions rapidly slow the neutrons to thermal veloci- quirements of the prior art. Essentially, the invention 
ties, and they are then captured by other nuclei with encompasses measuring the neutron populations at two 
corresponding emissions of gamma radiation. Relative spaced locations in a formation, observing the apparent 
changes in the thermal neutron population in the bore- values of a selected neutron characteristic of the for-
hole environment are sampled by suitable radiation de- mation which correspond to the neutron population 
tectors, e.g., a gamma-ray detector or a thermal neu- ^ measurements, and comparing the observed apparent 
tron detector, placed a short distance from the neutron values to determine the degree of correlation therebe-
source. By sampling the neutron populations at an ap- tween. Close agreement of the two observed values in-
propriately long time after each neutron pulse, the ef- dicates that neutron diffusion and other perturbational 
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effects have not unduly in f luenced the neut ron popula-
t ion measurements, and thus that at least one of the ob-
served values is suf f ic ient ly representat ive of the in t r in -
sic value o f the neut ron character ist ic to al low val id in-
terpretat ion of the logged data. Substantial departure 5 
f r o m agreement o f the observed values, on the other 
hand, indicates that the inf luence of such per turba-
t iona l effects has been signif icant and that a corrected 
value should be derived. Advantageously, the neut ron 
character ist ic measured is the thermal neut ron decay 10 
t ime constant ( r ) , though such other characterist ics as 
the macroscopic absorpt ion across section ( X ) or the 
neutron slowing down t ime could addi t ional ly or alter-
natively be employed. Observat ion o f the apparent val-
ues may take the f o r m o f an actual quant i ta t ive meas- 15 
urement o f both apparent values. Moreove r , as a fur-
ther improvement in accordance w i th the invent ion, a 
quant i tat ive measurement o f the apparent value corre-
sponding to only one neut ron popu la t ion decay meas-
urement may be made, w i t h the compar ison between i t 20 
and the apparent value corresponding to the second 
neut ron popula t ion decay measurement being ef fected 
w i thou t actually measuring the other apparent value 
itself. 

In one embodiment, the thermal neutron populations 25 
at two spaced locations (designated 1 and 2) in the for-
mation are measured during time periods between neu-
tron pulses that are functionally related to a neutron 
characteristic, e.g., the apparent thermal neutron 
decay time constant (r) . The value of T„pj) (or Tmeas) 30 
corresponding to each neutron population measure-
ment is then derived, and the ratio of the two Tapp val-
ues is formed as an indication of the degree of agree-
ment or departure of the two values, if the Tmeas values 
are nearly identical, i.e., Ti/T2 approaches unity, one or 
both values may be taken as an accurate measurement 
of Tint. Preferably, the time period during which the 
neutron population measurement is made at each loca-
tion is controlled in accordance with Tmeas at that loca-
tion. 4 0 

In accordance with a particularly advantageous em-
bodiment, the invention affords the desired reliability 
information while requiring an actual quantitative 
measurement of an apparent value of the neutron char-
acteristic at one location only. The thermal neutron 4 5 

population at the location is measured during two dis-
tinct time intervals between pulses, the ratio of the pop-
ulation measurements during the two intervals is 
formed, and the adjustments to the timings of the inter-
vals required to maintain the ratio at a predetermined 
number are determined. The adjustments are made 
such that the adjusted duration of one of the detection 
intervals provides a measurement of Taiip corresponding 
to the population measurement at that location. Fol-
lowing a subsequent pulse, the measurement intervals 
at the second location are equated to the adjusted in-
terval timings determined at the first location, and the 
ratio of the measured neutron populations at the sec-
ond location during the first and second adjusted inter-
vals is formed and compared with the same or an equiv-
alent predetermined number. If this second ratio 
closely approaches that number, the apparent value of 
the thermal neutron decay time measured at the first 
location may be confidently accepted as an accurate ^ 
measure of Tint. As the second neutron population ratio 
is, to a close approximation, linearly related to the ratio 
(r,/r2) of the observed T'S at the first and second loca-
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tions, it may be converted to tJt2 and the reliability 
comparison made by viewing the nearness of tJtz to 
unity. A corrected value of tvw, here Tj, or of etc., 
may then be made by suitable application of the TI/T2 
ratio to Tmeus or 2 meas- Alternatively, a precise measure-
ment of the intrinsic value of the neutron characteristic 
may be obtained by a direct solution of the exponential 
function relating the neutron population measurements 
and the characteristic. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a better understanding of the invention, refer-

ence may be made to the following description and to 
the accompanying drawings, in which: 

FIG. 1 is a schematic block diagram illustrating rep-
resentative apparatus for deriving verifiably accurate 
neutron logging information in accordance with the in-
vention; 

FIG. 2 portrays schematically still another way in 
which reliability information may be provided accord-
ing to the present invention; 

FIG. 3 is a graphical representation showing the cor-
relation between the ratio T/r v and the count rate ratio 
Nj (net)/2N2(net) for a preferred detector gating se-
quence; 

FIG. 4 is a schematic view of circuitry for affording 
in the embodiment of FIG. 2 a recorded value of i>; 

FIG. 5 is a schematic view of circuitry for automati-
cally selecting and recording a value of r„„.us that accu-
rately represents r„„; and 

FIG. 6 shows another embodiment of practicing the 
present invention by appropriately programming a gen-
eral purpose digital computer. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

In broad terms, the present invention is directed to 
the provision of information as to the reliability, or va-
lidity, of logged values of formation and fluid proper-
ties which characterize the reactions between the mate-
rials composing the formation matrix and fluids and in-
cident irradiations of neutrons. Based on this informa-
tion, appropriate corrective steps may then be taken, 
when indicated, to assure that accurate values are ob-
tained. As indicated above, such properties or "neu-
tron characteristics" include, for example, r, 2 , and the 
neutron slowing down time. In accordance with the in-
vention, any suitable neutron characteristic may be em-
ployed in deriving the reliability information, though r 
affords certain advantages and is preferred. In connec-
tion with the description of FIG. 1 and the other views 
of the drawings, therefore, the neutron characteristic 
selected is assumed to be the thermal neutron decay 
time constant (r). 

As depicted schematically in FIG. 1, a representative 
embodiment of neutron logging apparatus constructed 
in accordance with the invention includes a fluid-tight, 
pressure-resistant tool 10 that is adapted to be sus-
pended in a cased borehole 12 by an armored cable 14 
for investigating a subsurface earth formation 16. Al-
though, as noted, neutron logging techniques have spe-
cial utility in cased-hole logging, the invention has ap-
plication as well to open-hole logging. The tool 10 in-
cludes a pulsed neutron source 18 and two spaced radi-
ation detectors 20 and 22. The neutron source 18 is 
adapted to generate discrete pulses of high-energy neu-
trons ( I4Mev) , and suitably may be of the types de-
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scribed in more complete detail in U.S. Pat. No. 
2 ,991,364, to Goodman, dated July 4, 1961, and U.S. 
Pat. No. 3 ,546,512 granted to Frentrop on Dec. 8, 
1970, both commonly owned with this application. The 
radiation detectors 20 and 22 are positioned to respond 5 
in proportion to the density of thermal neutrons in the 
formation 16 and, to that end, may be of the thermal 
neutron-sensitive type, e.g., helium-3 filled propor-
tional counters, or they may be gamma-ray detectors, 
e.g., embodying sodium iodide scintillation crystals, 10 
adapted to respond to gamma radiation resulting from 
the capture of thermal neutrons by nuclei of formation 
elements. For purposes of illustration herein, the detec-
tors 20 and 22 are assumed to be sodium iodide-type 
gamma radiation detecting devices. 15 

The detectors 20 and 22 are located on the same side 
of the neutron source 18 and preferably are positioned 
in the top portion of the tool 10 so that they will be ver-
tically above the source 18 as the tool is drawn upward 
through the borehole. Advantageously, the short- 20 
spaced or "near" detector 20 is placed such that the 
geometric center of its scintillation crystal (not shown) 
is positioned approximately 13 V2 inches from the tar-
gets (not shown) of the neutron source 18. The scintil-
lation crystal may be on the order of four inches in 25 
length and is optically coupled in conventional fashion 
to a photomultiplier tube. The geometric center of the 
scintillation crystal of the long-spaced or "far" detector 
22 may be located approximately 25 inches from the 
neutron source target. It too is optically coupled to a 3 0 

photomultiplier tube. Although not shown, it will be 
understood that the tool 10 includes appropriate ampli-
fication and discrimination circuitry for eliminating 
noise and other electrical signals that are unrelated to 
the nuclear processes under observation and for ampli- 3 5 

fication of the radiation-related signals for transmission 
to the signal processing circuitry. 

The processing circuitry may be located at the sur-
face or partly at the surface and partly in the well tool. 
In FIG. 1, this circuitry, indicated generally by refer- 4 0 

ence numeral 24, is shown as having downhole compo-
nents 24a and uphole components 24b. The downhole 
signal processing circuitry 24a includes two signal pro-
cessing loops 26 and 28 which are coupled by conduc-
tors 30 and 32 to the near detector 20 and the far de-
tector 22, respectively. The loops 26 and 28 may be of 
any construction appropriate to the derivation of rand 
the subsequent control of the detection interval gates. 
For example, the circuitry of U.S. Pat. No. 3 ,662,179, 5 Q 

issued May 9, 1972, to Frentrop et al., and assigned to 
the assignee of the present application, may be utilized. 
Operating on the radiation-related signals from the re-
spective detectors 20 and 22, the signal processing 
loops 26 and 28 derive apparent values of T which cor- 5 5 

respond to the rates of decay of the thermal neutron 
populations at the two detector locations. The signals 
representative of r m f a s (=t iV) corresponding to the near 
detector decay measurement and rm e a s ( = t f ) corre-
sponding to the far detector decay measurement are 6 Q 

applied to a cable driver circuit 31 of any appropriate 
construction for transmission over conductors 33 and 
35, respectively, to the surface processing circuitry 
24b. There, the t n and rF signals are inputted to an ana-
log ratio forming circuit 3 4 where the ratio ?K/Tf is 6 5 

formed. Either one or both of the TN and TF signals, 
along with an output signal from the ratio circuit 3 4 in-
dicative of TN/TF, may be applied to a recorder 36. Be-
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cause of its greater statistical accuracy, rN is normally 
recorded as T(09. According to the invention, however, 
in certain circumstances, as explained hereinafter, TF 
more closely approximates TIN, than does T.v. In such 
cases, therefore, it may be desirable to record i> in ad-
dition to, or in place of, TN. To that end, a selector 
switch 37 may be provided in association with the re-
corder 36. Suitably, the recorder 36 comprises both 
tape recording apparatus and visual recording appara-
tus for producing the customary record of signals as a 
function of logging tool depth, i.e., the depth below the 
earth's surface at which the measurements were made. 

In accordance with the teachings of Frentrop et al. 
U.S. Pat. No. 3,662,179, the operation of the neutron 
source 18 is controlled as a function of a measured 
value of r. That is to say, both the duration of the indi-
vidual neutron pulses and the elapsed time between 
successive pulses are varied in proportion to TMEAS. 

Hence, in FIG. 1 the tn loop 26 is shown connected to 
the neutron source 18 by a conductor 38, and output 
signals from the TN loop 26 are passed on the line 38 so 
as to cause source 18 to emit neutron pulses that are a 
specified multiple of T,v in duration and at intervals of 
specified multiples of If desired, the TF loop 28 
could be used to control the operation of the neutron 
source 18, in which case the conductor 38 would lead 
to that loop. In any event, only one of the two T loops 
controls the neutron source operation, and the r loop 
which is not employed for this purpose will be modified 
accordingly from the structures described in the Fren-
trop et al., patent. The latter T loop needs, of course, 
a synchronizing signal related to the end of each neu-
tron pulse for proper time control of the detection in-
tervals for the associated detector. This signal can be 
obtained from the neutron source-controlling loop, as 
indicated in FIG. 1 by the conductor 39 leading from 
the Tn loop 26 to the i> loop 28. 

Although improved results are obtained with T M E O S -

controlled neutron pulses and repetition rates, this is 
not essential to the invention, and fixed duration pulses 
occurring at fixed intervals may be employed instead, 
in which case the T loops may be located at the surface 
and may be synchronized from a common signal de-
rived from the tool 10 corresponding to the end of each 
neutron pulse. If desired, control of the neutron source 
as a function of TMEAS may be retained with one or both 
of the r loops located uphole. In this case, the down-
hole circuitry of the FIG. 1 embodiment may take the 
construction described in U.S. Pat. No. 3 ,609,366, 
dated Sept. 28, 1971, to Schwartz, and commonly 
owned with the present application, though that patent 
shows amplification, discrimination and transmission 
circuitry for only one radiation detector. Duplicate cir-
cuits could of course be readily provided for the second 
detector. The circuitry of U.S. Pat. No. 3 ,566,116 to 
Nelligan, dated Feb. 23, 1971, coassigned with the 
present application, could also be used. The r computa-
tion and gate control circuitry of the Nelligan patent 
could likewise be employed. 

Returning now to FIG. 1, the Tn loop 26 solves for a 
value of tn by measuring the rate of decay (absorption) 
of thermal neutrons in the formation opposite the loca-
tion of the near detector 20. According to a preferred 
measurement sequence, successive neutron pulses, of 
one decay time (T) duration, are spaced from each 
other by intervals of a suitable multiple of r, e.g., 12r 
to 15T in length. The neutron population is sampled, 
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i.e., the number of individual gamma ray events per 
unit time detected by the near detector 2 0 is measured 
during three separate time intervals, or gates, between 
neutron pulses. A first population count rate (Nj ) is 
taken during an interval I one decay time (r) long that 5 
begins two decay times (2r) after the preceding neu-
tron pulse has terminated. The second time interval II, 
during which a second neutron population count rate 
(N 2 ) is taken, begins immediately after the first interval 
and is two decay times (2r) in length. When gamma ra- 10 
diation detectors are utilized, background gamma radi-
ation is measured during the third detection interval III, 
and this background count rate preferably is made dur-
ing an interval three decay times (3T) in length that is 
initiated six decay times (6T) after the end of the pre- 15 
ceding neutron pulse. The curve of FIG. 3, as is de-
scribed more fully hereinafter, applies only to this gate 
sequence. 

In broad terms, the background count rate (N 3 ) is 
subtracted proportionately from the first interval count 20 
rate N, and the second interval count rate N 2 to provide 
a measure of the count rates, N ^ n e t ) and N 2 (net) , re-
spectively, during the first and second time intervals 
due to neutron population only. The ratio Ni (net ) /N 2 ( -
net) is then formed and the durations of the first and 25 
second detection intervals are adjusted in a one-to-two 
ratio until the count rate ratio N 1 (net ) /N 2 (net ) equals 
2.0. When this ratio is equal to 2.0, a condition of equi-
librium is achieved and the thermal neutron decay time 
Tmeas' in this case T//' closely approximates the dura- 3 0 

tion (T) of the first detection interval. Departures from 
this equilibrium condition result in a loop action that 
corrects the first gate width until equilibrium is re-
stored to the system. A signal representative of the loop 
value of TN is sent to the ratio circuit 34 and to the re-
corder 36 . 

The r F loop 28 operates in essentially the same man-
ner, taking the separate neutron population count rates 
Fj, F2 and F3 and controls its own gating sequence in 
accordance with the measured value of i>. The rF gat-
ing sequence, like the TN gating sequence, relies upon 
a synchronizing pulse corresponding to the end of the 
proceding neutron pulse. The loop value of 1> is ap-
plied to the ratio circuit 3 4 and, if desired, to the re-
corder 36. 

As has already been pointed out, perturbational ef-
fects (chiefly neutron diffusion but also including for-
mation inhomogenities, etc.) the values of TN and RF 
would be the same and would equal or closely approxi- 5 Q 

mate r{nt. It follows, therefore, that the degree of agree-
ment of TNITF with unity is indicative of the reliability, 
or validity, of the loop values of the thermal neutron 
decay time as a measure of the intrinsic value of the 
constant. Conversely, the degree of departure of TN/TF 55 

from unity provides an indication of the significance of 
neutron diffusion and other effects on TION. 

Under the borehole conditions typically encoun-
tered, T f would be expected to exceed Tn because o f t h e 
influence of neutron diffusion. The ratio TN/TF thus can 
normally be expected to be slightly less than, but close 
to, unity. When TN/TF is substantially less than unity, 
e.g., within the range of from 0.8 to 0.9, absent a 
known explanation for the departure from unity, it is an 
indication that the measured value of tn has been ^ 
strongly influenced by perturbational effects, probably 
diffusion, and is suspect. Where tn is recorded as rlog, 
therefore, a corrected value of T(00 (2/0f l- etc.) should 
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be derived. This may be done by referring to diffusion 
departure charts, or alternatively, by recording TF as 
Ti„g. Tf is less affected than riV by perturbational effects 
and, when statistical variations can be averaged out to 
a satisfactory degree, affords a comparatively accurate 
measurement of TINL. 

It is a particularly advantageous feature of the inven-
tion that information as to the reliability of Tllt(l' and 
S(0g' therefrom, may be obtained by yet simpler tech-
niques and apparatus. One embodiment of such simpli-
fied apparatus is disclosed in FIG. 2. As before, the 
downhole signal processing circuitry 124a includes a tn 

loop 126, which, for example, may be coupled to the 
neutron source 118 and near detector 120 by conduc-
tors 138 and 130, and suitable cable drive circuitry 
131. 

The operation of the TN loop 126 is essentially the 
same as in the FIG. 1 embodiment, and a T̂V output sig-
nal is sent uphole over conductor 133 to the recorder 
136 for recording. In place of a TF loop, the signals from 
the far detector 122 are sent over a conductor 132 to 
a gating circuit 140, the operation of which is con-
trolled by signals transmitted to it over conductors 
142a, 142£> and 142c from the TN loop 126. The gate 
signals applied to the far signal gate circuit 140 control 
the times of occurrences and durations of the three de-
tection time intervals between neutron pulses in accor-
dance with the measured value of TN in the same man-
ner as the detection intervals I, II and III for the near 
detector 120 are controlled by the rN loop. Hence, the 
near and far detectors are simultaneously interrogated 
over detection intervals coincident in time and dura-
tion. 

The neutron population signals passed by the gate 
circuit 140 during the detection intervals are transmit-
ted uphole to the surface components 124b over con-
ductors 135a, 135b and 135c and are counted in count 
rate and combining circuits 143. The circuits 143 in ef-
fect count the number of gamma ray events per unit 
time occurring during the first and second detection in-
tervals and proportionately subtract from those count 
rates the background gamma radiation count rate mea-
sured during the third detection interval. The net count 
rates Fj(net) and F 2(net) from the first and second in-
tervals, respectively, are compared in an analog ratio 
circuit 144 which produces an output signal indicative 
of the ratio Fi(net/2F2(net) . As described more fully 
below, this ratio, to a very close approximation, is lin-
early related to TN/TF under most logging conditions, 
where TF is the decay time constant corresponding to 
the thermal neutron decay rate measured at the far de-
tector 122. It thus indicates the degree of agreement 
between RN and TF and hence the validity of the re-
corded value of t n as a measure of Tint of the formation 
under investigation. 

That F 1 (net) /2F 2 (net) does in fact closely approxi-
mate TN/TF is clear from inspection of FIG. 3. In deriv-
ing the value of rN in the TN loop 126, it is assumed that 
when Nj (net ) /N 2 (ne t )=2 , the duration (T) of the first 
detection interval is equal to the value of r correspond-
ing to the thermal neutron decay rate observed at the 
near detector. This equality is not exact, however, so 
that the ratio T/tN is not exactly unity when 
Ni (ne t ) /2N 2 (ne t j=1 .0 . The actual relationship of T/T 
(=T/T;V) to Nx(net) /2N 2 (net) is represented by line A of 
FIG. 3 for the detector gating sequence referred to 
above, i.e., where the first detection interval begins 2r 
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after the termination of the preceding neutron pulse 
and is IT in duration, the second detection interval is 
initiated at 3r and extends for 2T in length, and the 
third detection interval starts at a time 6r after the end 
of the neutron pulse and has a duration of 3T. Line B 5 
has a 45° slope, which would be the case if the two ra-
tios were equal. Experimentation has shown that under 
the borehole conditions normally encountered, the 
value of N!(net)/2N2(net) normally falls within the 
range of from about 0.8 to 1.0. Comparison of lines A 10 
and B of FIG. 3 over this range shows that a close, sub-
stantially linear relationship exists between the N-count 
rate ratio N1(net)/2N2(net) and the T/rv ratio through-
out the range. For example, when the N-count rate 
ratio equals 1.0, T/r.v= 0.983, only 1.7 percent below 15 
unity. Agreement between T/TN and N1(net)/2N2(net) 
becomes even better as a N-count rate ratio of 0.8 is 
approached. The ratio N l(net) /2N 2(net) is thus a good 
approximation of the correlation of T to T;V. 

FIG. 3 also is valid for T/TF VS. F1(net)/2F2(net). But 20 
since T (the duration of the first detection time inter-
val) is, in the FIG. 2 embodiment, set equal to tn by the 
action of RW loop 126, T/Tf. It is apparent, therefore, 
that F!(net)/2F2(net) closely approaches, and is lin-
early related to, TK/I>. Thus merely by making the com- 25 
parison F,(net)/2F2(net), a close approximation of 
TiV/iy is obtained, and a T V / T f curve can be provided. 
The Tw/I> ratio, as has already been pointed out, is in-
dicative of the validity of TiV as a measure of T,„, of the 
formation. Repeating, if TW/Tf is close to l .0, it may be 30 
assumed that the principal factor influencing the TN 
measurement was the absorption process, and that the 
influence of such perturbational effects as neutron dif-
fusion was not significant. 

Preferably, the actual comparison of F,(net)/2F2(- 35 
net) made in the F-count rate ratio circuit 144 is: 

F, - % F 3 / F 2 - % F3 

( l ) 
4 0 

This ratio, divided by two, should be unity if T> equals 
TF. The gating of both detectors is controlled by the TIV 
loop 126, which responds to t n only. Thus: 

TF = TS if F :(net)/F2(net) = 2, or 4 5 

F,(net) = 2F2(net) 

( 2 ) 

In terms of the total F] and F2 count rates measured 5 Q 
by the count rate components of circuits 143, the F, 
and F2 count rates must be corrected for background. 
Hence, expression (1) since: 

F,(net) = Fj - Va F3- and 
5 5 

( 3 ) 

F2(net) = F2 - % F3 

<4> 60 

Alternatively, digital circuits could perform these 
functions of circuits 143. Such circuits would include 
the functions of counting, storing and binary-to-analog 
conversion. Appropriate circuits for this purpose are ^ 
described in the aforementioned Schwartz U.S. Pat., 
No. 3,609,366, and need only be modified to include 
suitable circuitry for resetting the counters to zero after 
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completion of each counting sequence. To that end, 
the fire signal from the r v loop 126 to the neutron 
source 118 could also be sent uphole over the conduc-
tor 145 upon closing of switch 147 to command the 
counter circuits to transfer the total counts F](net) and 
F2(net) to buffer registers and, after a suitable delay 
provided by a delay circuit to allow the foregoing trans-
fer to be accomplished, to reset the counters to zero. 
The outputs of the binary-to-analog circuits are thus 
analog voltages which are proportional to F^net) and 
F2(net). If desired, suitable filters could be included in 
the output circuits of the binary-to-analog converters, 
or in the input circuits of the ratio circuit 144, to filter 
out switching transients from the Fi(net) and F2(net) 
output signals. 

If desired, the ratio (Fj — % F3)/(F2 — % F3) may be 
logged as a function of depth in recorder 136. In view 
of its close linear relationship to TN/TF, however, the 
count rate ratio preferably is scaled, by means of the 
application of an appropriate proportionality factor in 
a potentiometer 139, to yield a depth record of rNlrF 
(see FIG. 2). Since r and 2 are reciprocally related, the 
T I V / T f curve may alternatively be labeled 

As noted, the value of Tw can be corrected by pertur-
bational effects by the use of departure charts, when 
this is indicated by the T , V / T f ratio being out of limits, 
e.g., as low as 0.8 to 0.9. Alternatively, a reasonably 
good diffusion correction of T|0S can be made by divid-
ing TN by the TN/TF ratio, after averaging out statistical 
variations of the ratio. This operation is depicted r 
FIG. 4 , where the TN/TF output of the circuitry 1 2 4 is 
applied both to the recorder 136, as in FIG. 2, and to 
an averaging circuit 146. The TN signal from circuitry 
124 is sent to the recorder 136 and, together with a sig-
nal representative of the averaged Tv/T> value from cir-
cuit 146, is inputted to a divide circuit 150. Division of 
TJV by T I V / T f gives the apparent value of TF corresponding 
to the neutron population decay rate measurement at 
the far detector 122. This value very closely ap-
proaches TIN(, as evidenced by the exemplary data tabu-
lated in Table I. These data are for a 5V2 inch casing in 
an 8 inch borehole. The intrinsic values of T were calcu-
lated assuming £,n(I = 5.4 c.u., S / = 22.2 c.u. for fresh 
water, and 2 / = 123 C.U. for salt water, where 2 m a is 
the macroscopic capture cross section of the matrix 
and I f is the macroscopic capture cross section of the 
formation fluid. (1 c.u. = (10 3 cm) - 1 ) 

TABLE I 

Forma t i on and 
Boreho le Cond i t ions Tlnf T.V Tf T.v/l> 

I 18% Porous Sand-
stone Fresh Wa te r 
in Ho le and 
Format ions 

540 444 543 0 .82 

I I 18% Porous Sand-
stone Saturated 
Salt Wa te r 

171 156 177 0 .91 

I I I 33% Porous Sand-
stone Saturated 
Salt W a t e r 

103 98 103 0.95 

r values shown are in microseconds. 

A similar good correction of 2i<w can be made by 
multiplying SjV by an averaged value of the ratio TNITF. 

As previously described in connection with FIG. 1, a 
single T curve may be provided, with either TN or TF 
being recorded, in dependence on the accuracy of tn as 
indicated by TN/TF. Selection of the value to be logged 
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may be done manually, as in the embodiment of FIG. 
1, or automatically. In FIG. 5, circuitry for automati-
cally selecting rN or rF for recording includes a divide 
circuit 152, having as inputs TN from the signal process-
ing circuitry 124 and an averaged value of TNITF from 
an averaging circuit 153, and as an output 1>. The aver-
aged TN/TF signal from circuitry 153 is also coupled to 
a discriminator 154 and to the recorder 136. The dis-
criminator 154 compares -rNhF with a reference value, 
e.g., a value within the range of from 0.80 to 0.90. If 
TN/TF is greater than the reference value, a gating signal 
is transmitted to a r,v gate 156 to pass r v to the recorder 
136. If TN/TF is less than the reference value, the dis-
criminator sends a gating signal to a i> gate 158 to 
cause it to pass the rF signals to the recorder. If desired, 
the TN/TF signal from circuitry 124 could be recorded 
instead of or in addition to the averaged value from cir-
cuit 153. 

Instead of deriving a corrected value of Tiofl by com-
puting t f on the basis of scaling the far detector net 
counting rate ratio (F, — % F3) /(F2 — % F3) to yield an 
approximation of TNITF, and then dividing r,v by the 
Tjv/rf ratio thus provided, the actual value of rF corre-
sponding to the far detector net counting rates may be 
obtained by solving the exponential function relating 
the far detector net counting rate ratio and T/TF, where 
T is the duration of the first detection interval which is 
recorded as tn. The ratio of F^net) to F2(net) ex-
pressed in exponential terms is: 

F, - % FJF2 - % F 3 = 1 - e~y - Vs e~4y (1 - e^le'" 
(1 - e'2v) - % e~4y (1 - e~3y) 

5 

where 

Y = T/TF o r TN/TF 

(6 ) 

Equation (5) may be solved for y by the successive ap-
proximation method, setting the left side of equation 
(5) equal to Xu the right side equal to X2, and succes-
sively introducing different values of Y until X! — X2 is 
within a predetermined limit t, with rF then being deter-
mined from equation (6) . FIG. 6 illustrates an embodi-
ment of the invention for carrying out this computa-
tion. 

More particularly, FIG. 6 is a generalized flow dia-
gram which can be used to program a general purpose 
digital computer, such as, for example, the EMR Com-
puter manufactured by Electromechanical Reasearch, 
Inc. In FIG. 6, the initial step after entering the pro-
gram is to enter all constants found in equation (5) , and 
then to read Fj, F2, F3 and TN at each depth level, e.g., 
every six inches, over the borehole interval to be inves-
tigated, as represented by boxes 160 and 162, respec-
tively. Once these initial values are obtained, the com-
puter is instructed (box 164) to calculate X! from the 
left hand term of equation (5) , to se ty = 1.0 (box 163) 
and to compute X2 (box 166) from the right hand term 
for each depth level, A suitable program for carrying 
out the function of box 166 is commercially available. 

Thereafter, a limit test X! — X2 < t is made, as in box 
168, to determine if X 2 is close enough to X t to afford 
a sufficiently accurate value of i>. If the test is not satis-
fied, the next step is to check whether X! — X2 is posi-
tive, as illustrated in box 170. If positive, y is increased 
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by an appropriate amount, for example 1 percent, as 
indicated by box 172, and the computer is instructed to 
recalculate the X2 corresponding to the new value of y. 
Conversely, should X] — X2 be negative, Y is de-

5 screased by 1 percent (box 174) and X2 is recomputed 
as before. This procedure is repeated until the test 
X,—X2 < t is passed. 

Upon satisfaction of the X,—X2 < t test, the program 
instructs the computer to ascertain if the depth level for 

1 0 which y has been determined is equal to the end of in-
vestigation interval. This function is illustrated by the 
diamond-shaped box 176. If it is not, the next steps, il-
lustrated by boxes 178 and 180, are for the computer 
to solve equation (6) for the value of rF corresponding 

1 5 to the value of y at that depth level and then to go to 
the next depth level and compute for that depth values 
of y and TF. Values of y and TF are thus derived for all 
depth levels over the investigation interval. When the 
final computation is completed, and the test of box 176 
is satisfied, the program may order the computer to 
read out the computed values of y and TF for all depth 
levels, which function is depicted in FIG. 6 by box 182. 
The read out may be in any suitable format, such as a 
playback tape or a tabulation. Alternatively, the pro-
gram may exit the subroutine of FIG. 6 and enter a sub-
sequent subroutine which utilizes the computed values 
of t f from the FIG. 6 subroutine. 

Although the invention has been described with ref-
30 erence to specific embodiments thereof, many modifi-

cations and variations of such embodiments may be 
made by one skilled in the art without departing from 
the inventive concepts disclosed. For instance, a partic-
ular gating sequence for the near and far detectors has 

35 been described. Other sequences may be employed. 
According to one such alternative sequence, the first 
and second detection intervals may be timed as in the 
aforementioned sequence, but the third detection in-
terval may be initiated at 7 decay times (7T) after the 

40 termination of the preceding neutron pulse instead of 
at 6 decay times (6r). This will cause the curve (A) of 
FIG. 3 to be modified slightly. The values of F, 
(net)/2F2 (net) produced with the alternative gating 
sequences are also reliable indicators of the corre-

4 5 sponding values of TnJTF. Different timings and dura-
tions of the first and second detection intervals may 
also be used. If desired, all of the count rates N l s N2 , N3, 
F I ; F2 and F3 and r(0B can be recorded on magnetic tape 
at the well site, and the computations Fj (net)/F2(net), 
T , V / I > , Z F / 2 / V , t f and h F carried out at a remote location, 
as, for example, by use of a general purpose digital 
computer of the aforementioned manufacture. 

As a further variation of the invention, the multicon-
ductor cable 14 illustrated in the embodiment of FIGS. 

55 1 and 2 may be replaced by a monocable, with power 
and control information being transmitted downhole 
over .the monocable and the signals representative of 
the measured quantity, e.g., rmeos , being transmitted 
over the monocable to the surface for recording and 
further processing. Also sent uphole could be the 
counting rates from the near and far detectors. The 
cable transmission system of the aforementioned Fren-
trop et al., patent, suitably modified to include gating 
and transmitting circuits for the far detector signals, 
could be employed for this purpose or a time division 
multiplex system could be used in place of the Frentrop 
et al., transmission circuitry. 
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Accordingly, the foregoing and all other such modifi-

cations and variations are intended to be included 
within the spirit and scope of the appended claims. 

I claim: 
1. A method for providing verifiably accurate logging 5 

data derived at least in part by neutron logging of earth 
formation characteristics, comprising the steps of: 

irradiating an earth formation with discrete pulses of 
high-energy neutrons to produce therein between 
pulses a population of neutrons, the decay of which 10 
is functionally related to intrinsic neutron charac-
teristics of the formation; 

detecting indications of the neutron population in the 
formation between neutron pulses at a first loca-
tion spaced from the neutron source; 15 

deriving a representation of an apparent value of a 
selected one of said neutron characteristics corre-
sponding to the detected indications at the first lo-
cation; 

detecting indications of the neutron population in the 20 
formation between neutron pulses at a second loca-
tion spaced from the first location and from the 
neutron source; and 

combining said first location apparent value repre-
sentation and a function of said second location de- 25 
tected indications to derive a representation func-
tionally related to a quotient of the apparent values 
of said selected neutron characteristic correspond-
ing to the detected neutron population indications 
at the first and second locations, thereby to provide 30 
information as to the validity of said first location 
apparent value representation as a measurement of 
the intrinsic value of said selected neutron charac-
teristic. 

2. The method of claim 1 wherein said selected neu-
tron characteristic is a thermal neutron absorption 
characteristic of the formation. 

3. The method of claim 1 further comprising the step 
of recording said quotient-related representation as a 
function of depth. 

4. The method of claim 1 further comprising the step 
of combining a function of said first location apparent 
value representation and a function of said quotient-
related representation to provide a corrected represen-
tation of the intrinsic value of said selected neutron 
characteristic. 

5. The method of claim 4 wherein the first location 
is spaced closer to the neutron source than is the sec-
ond location. 

6. The method of claim 1 further comprising the 
steps of: 

recording said first location apparent value represen-
tation of said selected neutron characteristic at 
least so long as said quotient-related representation 5 5 
is greater than a predetermined reference value; 

combining a function of said first location apparent 
value representation and a function of said quo-
tient-related representation at least when said quo-
tient-related representation is less than said refer- 6 Q 
ence value to provide a corrected representation of 
the intrinsic value of said selected neutron charac-
teristic; and 

recording said corrected representation at least when 
said quotient-related representation is less than 6 g 
said reference value. 

7. The method of claim 1 wherein said combining 
step comprises: 

40 

50 

deriving a representation of an apparent value of said 
selected neutron characteristic corresponding to 
the detected indications at said second location; 
and 

forming the ratio of said first and second location ap-
parent value representations. 

8. The method of claim 1 wherein: 
said first location apparent value representation de-

riving step comprises measuring the neutron popu-
lation in the formation at said first location in re-
sponse to first location detected indications occur-
ring during a measurement period following a neu-
tron pulse and deriving said apparent value repre-
sentation from said neutron population measure-
ment; and 

said combining step comprises controlling the timing 
of the measurement period following a subsequent 
neutron pulse as a function of said apparent value 
representation and measuring the neutron popula-
tion in the formation at said second location in re-
sponse to second location detected indications oc-
curring during said controlled measurement pe-
riod. 

9. The method of claim 8 wherein: 
the step of measuring the neutron population at the 

first location comprises measuring the neutron 
population during each of first and second time in-
tervals within the measurement period following 
said neutron pulse; 

the step of deriving said apparent value representa-
tion corresponding to the neutron population 
measurement at the first location comprises form-
ing the ratio of the neutron population measure-
ments during the first and second time intervals 
and determining the timings of the first and second 
intervals required to maintain the neutron popula-
tion ratio substantially at a predetermined number, 
the duration thus determined of at least one of the 
first and second intervals providing a representa-
tion of an apparent value of said selected neutron 
characteristic; 

the step of controlling the timing of the measurement 
period following a subsequent neutron pulse com-
prises equating the timings of first and second time 
intervals within said subsequent measurement pe-
riod to those required to maintain said neutron 
populations ratio substantially at said predeter-
mined number; 

the step of measuring the neutron population at the 
second location comprises measuring the neutron 
population during each of the first and second in-
tervals of said subsequent measurement period; 
and 

the step of deriving a representation functionally re-
lated to a quotient of said apparent values com-
prises forming the ratio Of the neutron population 
measurements at the second location during the 
first and second time intervals of said subsequent 
measurement period. 

10. The method of claim 9 further comprising the 
step of computing a measurement of the intrinsic value 
of said selected neutron characteristic as a function of 
said ratio of the neutron population measurements at 
the second location. 

11. The method of claim 9 further comprising the 
step of combining a function of said first location ap-
parent value representation and a function of said ratio 
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of the neutron population measurements at the second 
location to provide a representation of the apparent 
value of said selected neutron Characteristic corre-
sponding to the neutron population measurement at 
the second location. 5 

12. The method of claim 9 further comprising the 
step of correcting said first location apparent value rep-
resentation by a function of said ratio of the neutron 
population measurements at the second location to 
provide a corrected indication of the intrinsic value of 1 0 

said selected neutron characteristic. 
13. The method of claim 12 wherein the first location 

is spaced closer to the neutron source than is the sec-
ond location. 

14. A method for providing logging data derived at 1 5 

least in part by neutron logging of earth formation 
characteristics, comprising the steps of: 

irradiating an earth formation with discrete pulses of 
high-energy neutrons to produce therein between ^ 
pulses a population of neutrons, the decay of which 
is functionally related to intrinsic neutron charac-
teristics of the formation; 

measuring the neutron population in the formation at 
a first location spaced from the neutron source dur- 2 5 
ing a measurement period between neutron pulses; 

deriving a representation of an apparent value of a 
selected one of said neutron characteristics corre-
sponding to the neutron population measurement 
at the first location; 30 

measuring the neutron population in the formation at 
a second location spaced from the first location 
and from the neutron source during a measurement 
period between neutron pulses to produce second 
location neutron population measurements; 35 

combining said first location apparent value repre-
sentation and a function of said second location 
neutron population measurements to derive a rep-
resentation related to a function of the apparent 
values of said selected neutron characteristic cor- 40 
responding to said neutron population measure-
ments at the first and second locations; and 

combining said first location apparent value repre-
sentation and said representation related to a func-
tion of the first and second location apparent val- 45 
ues to derive a representation of an apparent value 
of said selected neutron characteristic correspond-
ing to the neutron population measurement at the 
second location. 

15. The method of claim 14 wherein said selected 5 0 

neutron characteristic is a thermal neutron absorption 
characteristic of the formation. 

16. The method of claim 14 wherein the first location 
is spaced closer to the neutron source than is the sec-
ond location. 

17. The method of claim 14 wherein: 
the step of deriving said first location apparent value 

representation comprisese controlling the timing of 
first and second detection intervals within the 
measurement period as a function of said apparent 
value representation; 

the step of combining said first location apparent 
value representation and a function of said second 
location neutron population measurements com- 6 5 
prises controlling the measuring of the neutron 
population at the second location so as to provide 
a measurement of the neutron population at said 

55 
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second location during each of said first and sec-
ond detection intervals; and 

the function of said second location neutron popula-
tion measurements combined with said first loca-
tion apparent value representation is a function of 
the ratio of the first and second detection interval 
neutron population measurements at the second 
location. 

18. The method of claim 17 wherein the representa-
tion derived by combining said first location apparent 
value representation and said ratio function of the sec-
ond location neutron population measurements is re-
lated to the ratio of the apparent values of said selected 
neutron characteristic corresponding to the neutron 
population measurements at said first and second loca-
tions. 

19. The method of claim 18 wherein the step of com-
bining said first location apparent value representation 
and said apparent values ratio-related function com-
prises dividing said first location apparent value repre-
sentation by said apparent values ratio-related func-
tion. 

20. A method for providing verifiably accurate log-
ging data derived at least in part by neutron logging of 
earth formation characteristics, comprising the steps 
of: 

irradiating an earth formation with discrete pulses of 
high-energy neutrons, the decay of which is func-
tionally related to intrinsic neutron characteristics 
of the formation; 

detecting indications of the neutron population in the 
formation between neutron pulses at a first loca-
tion speed from the neutron source; 

deriving a representation of an apparent value of a 
selected one of said neutron characteristics corre-
sponding to the detected indications at the first lo-
cation; 

detecting indications of the neutron population in the 
formation between neutron pulses at a second loca-
tion spaced from the first location and from the 
neutron source; 

combining said first location apparent value repre-
sentation and a function of said second location de-
tected indications to derive a representation func-
tionally related to the quality of said first location 
apparent value representation as a measurement of 
the intrinsic value of said selected neutron charac-
teristic; and 

combining said first location apparent value repre-
sentation and said quality representation to derive 
a representation of an apparent value of said se-
lected neutron characteristic corresponding to the 
detected indications at said second location, 
thereby to provide a more accurate measurement 
of the intrinsic value of said selected neutron char-
acteristic. 

21. The method of claim 20 wherein said selected 
neutron characteristic is a thermal neutron absorption 
characteristic of the formation. 

22. The method of claim 20 further comprising the 
step of recording one or more of said first location ap-
parent value representation, said quality representa-
tion, and said second location apparent value represen-
tation as a function of depth. 

23. The method of claim 20 wherein: 
the first location apparent value representation deriv-

ing step comprises measuring the neutron popula-



17 
3,890,501 

18 

20 

tion in the formation at said first location in re-
sponse to first location detected indications occur-
ring during a variable measurement period follow-
ing a neutron pulse and deriving said apparent 
value representation from said neutron population 5 
measurement; and 

said first location apparent value representation and 
said second location detected indications function 
combining step comprises controlling the timing of 
the measurement period following a subsequent '0 
neutron pulse as a function of said first location ap-
parent value representation and measuring the 
neutron population in the formation at said second 
location in response to second location detected 
indications occurring during said controlled meas- 1 5 

urement period. 
24. Apparatus for providing verifiably accurate log-

ging data derived at least in part by neutron logging of 
eargh formation characteristics, comprising: 

a source for irradiating an earth formation with dis-
crete pulses of high-energy neutrons to produce 
therein between pulses a population of neutrons, 
the decoy of which is functionally related to intrin-
sic neutron characteristics of the formation; ^ 

means for detecting indications of the neutron popu-
lation in the formation between neutron pulses at 
a first location spaced from the neutron source; 

means for deriving a representation of an apparent 
value of a selected one of said neutron characteris- 3Q 
tics corresponding to the detected indications at 
the first location; 

means for detecting indications of the neutron popu-
lation in the formation between neutron pulses at 
a second location spaced from the first location 35 
and from the neutron source; and 

means for combining said first location apparent 
value representation and a function of said second 
location detected indications to derive representa-
tion functionally related to a quotient of the appar- 40 
ent values of said selected neutron characteristic 
corresponding to the detected indications at the 
first and second locations, thereby to provide infor-
mation as to the validity of said first location appar-
ent value representation as a measurement of the 45 
intrinsic value of said selected neutron characteris-
tic. 

25. The apparatus of claim 24 wherein said selected 
neutron characteristic is a thermal neutron absorption 
characteristic of the formation. 50 

26. The apparatus of claim 24 further comprising 
means for recording said quotient-related representa-
tion as a function of depth. 

27. The apparatus of claim 24 further comprising 
means for combining a function of said first location ^ 
apparent value representation and a function of said 
quotient-related representation to provide a corrected 
representation of the intrinsic value of said selected 
neutron characteristic. 

28. The apparatus of claim 27 further comprising: 
means for recording said first location apparent value 

representation as a function of depth at least so 
long as said quotient-related representation is 
greater than a predetermined value; and 6 5 

means for recording said corrected representation at 
least when said quotient-related representation is 
less than said predetermined value. 

60 

29. The apparatus of claim 24 wherein said combin-
ing means comprises: 

means for deriving a representation of an apparent 
value of said selected neutron characteristic corre-
sponding to the detected indications at said second 
location; and 

means for forming the ratio of said first and second 
location apparent value representations. 

30. The apparatus of claim 23 wherein: 
said first location apparent value representation de-

riving means comprises means for measuring the 
neutron population in the formation at said first lo-
cation in response to first location detected indica-
tions occurring during a measurement period fol-
lowing a neutron pulse and means for deriving said 
apparent value representation from said neutron 
population measurement; and 

said combining means comprises means for control-
ling the timing of the measurement period follow-
ing a subsequent neutron pulse as a function of said 
apparent value representation and means for mea-
suring the neutron population in the formation at 
said second location during said controlled meas-
urement period. 

31. The apparatus of claim 30 wherein: 
the means for measuring the neutron population at 

the first location comprises means for measuring 
the neutron population during each of first and sec-
ond time intervals within the measurement period 
following said neutron pulse; 

the means for deriving said apparent value represen-
tation corresponding to the neutron population 
measurement at the first location comprises means 
for forming the ratio of the neutron population 
measurements during the first and second time in-
tervals and for determining the timings of the first 
and second intervals required to maintain the neu-
tron population ratio substantially at a predeter-
mined number, the duration thus determined of at 
least one of the first and second intervals providing 
a representation of an apparent value of said se-
lected neutron characteristic; 

the means for controlling the timing of the measure-
ment period following a subsequent neutron pulse 
comprises means for equating the timings of first 
and second time intervals within said subsequent 
measurement period to those required to maintain 
said neutron populations ratio substantially at said 
predetermined number; 

the means for measuring the neutron population at 
the second location comprises means for measur-
ing the neutron population during each of the first 
and second intervals of said subsequent measure-
ment period; and 

the means for deriving a representation functionally 
related to a quotient of said apparent values com-
prises means for forming the ratio of the neutron 
population measurements at the second location 
during the first and second time intervals of said 
subsequent measurement period. 

32. The apparatus of claim 31 further comprising 
means for correcting said first location apparent value 
representation by a function of said ratio of the neutron 
population measurements at the second location to 
provide a corrected representation of the intrinsic 
value of said selected neutron characteristic. 
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33. The apparatus of claim 31 further comprising 
means for combining a function of said first location 
apparent value representation and a function of said 
ratio of the neutron population measurements at the 
second location to provide a representation of the ap- 5 
parent value of said selected neutron characteristic 
corresponding to the neutron population measurement 
at the second location. 

34. The apparatus of claim 33 wherein the means for 
measuring the neutron populations at the first and sec- 10 
ond locations comprise first and second radiation de-
tectors, respectively, the first detector being spaced 
closer to the neutron source than is the second detec-
tor. 

35. Apparatus for providing verifiably accurate log- 15 
ging data derived at least in part by neutron logging of 
earth formations, comprising: 

a source for irradiating an earth formation with dis-
crete pulses of high-energy neutrons, the decay of 
which is functionally related to intrinsic neutron 20 
characteristics of the formation; 

means for detecting indications of the neutron popu-
lation in the formation between neutron pulses at 
a first location spaced from the neutron source; 

means for deriving a representation of an apparent 25 
value of a selected one of said neutron characteris-
tics corresponding to the detected indications at 
the first location; 

means for detecting indications of the neutron popu-
lation in the formation between neutron pulses at 
a second location spaced from the first location 
and from the neutron source; 

means for combining said first location apparent 
value representation and a function of said second 
location detected indications to derive a represen-
tation functionally related to the quality of said first 
location apparent value representation as a meas-
urement of the intrinsic value of said selected neu-
tron characteristic; and 

means for combining said first location apparent 4 0 

value representation and said quality representa-
tion to derive a representation of an apparent value 
of said selected neutron characteristic correspond-
ing to the detected indications at said second loca-
tion, thereby to provide a more accurate measure-
ment of the intrinsic value of said selected neutron 
characteristic. 

36. The apparatus of claim 35 wherein said selected 
neutron characteristic is a thermal neutron absorption 
characteristic of the formation. 

37. The apparatus of claim 35 further comprising 
means for recording one or more of said first location 
apparent value representation, said quality representa-
tion, and said second location apparent value represen-
tation as a function of depth. 

38. The apparatus of claim 35 wherein: 
the first location apparent value representation deriv-

ing means comprises means for measuring the neu-
tron population in the formation at said first loca-
tion in response to first location detected indica-
tions occurring during a variable measurement pe-
riod following a neutron pulse and means for deriv-
ing said apparent value representation from said 
neutron population measurement; and 

said means for combining said first location apparent 
value representation and a function of said second 
location detected indications comprises means for 
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controlling the timing of the measurement period 
following a subsequent neutron pulse as a function 
of said first location apparent value represenation 
and means for measuring the neutron population in 
the formation at said second location in response 
to second location detected indications occurring 
during said controlled measurement period. 

39. A method for deriving a verifiably accurate meas-
urement of an intrinsic neutron characteristic of an 
earth formation traversed by a borehole from detected 
indications of the neutron populations in the formation 
at first and second spaced locations along the borehole 
following irradiation of the formation with pulses of 
neutrons, comprising the steps of: 

deriving a representation of an apparent value of said 
neutron characteristic corresponding to said first 
location detected indications; and 

combining said first location apparent value repre-
sentation and a function of said second location de-
tected indications to derive a representation func-
tionally related to a quotient of the apparent values 
of said neutron characteristic corresponding to the 
detected indications at the first and second loca-
tions, thereby to provide information as to the va-
lidity of said first location apparent value represen-
tation as a measurement of the intrinsic value of 
said neutron characteristic. 

40. The method of claim 39 wherein said combining 
step comprises: 

deriving a representation of an apparent value of said 
neutron characteristic corresponding to said sec-
ond location detected indications; and 

forming a ratio of the first and second location appar-
ent value representations. 

41. The method of claim 39 wherein: 
said first location apparent value representation de-

riving step comprises measuring the neutron popu-
lation in the formation at said first location in re-
sponse to first location detected indications occur-
ring during a measurement period following a neu-
tron pulse and deriving said apparent value repre-
sentation from said neutron population measure-
ment; and 

said combining step comprises controlling the timing 
of the measurement period following a subsequent 
neutron pulse as a function of said apparent value 
representation and measuring the neutron popula-
tion in the formation at said second location in re-
sponse to second location detected indications oc-
curring during said controlled measurement pe-
riod. 

42. The method of claim 39 further comprising com-
bining said first location apparent value representation 
and said quotient-related representation to provide a 
representation of an apparent value of said neutron 
characteristic corresponding to said second location 
detected indications. 

43. A method for providing a measurement of an in-
6 0 trinsic neutron characteristic of an earth formation tra-

versed by a borehole from detected indications of the 
neutron populations in the formation at first and sec-
ond spaced locations along the borehole following irra-
diation of the formation with pulses of neutrons, com-
prising the steps of: 

deriving neutron population measurements from first 
location detected indications occurring during a 
measurement period between neutron pulses; 
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deriving a representation of an apparent value of said 
neutron characteristic corresponding to said first 
location neutron population measurements; 

deriving neutron population measurements from sec-
ond location detected indications occurring during a 
measurement period between neutron pulses; 

combining said first location apparent value repre-
sentation and a function of said second location 
neutron population measurements to derive a rep-
resentation related to a function of the apparent 
values of said neutron characteristic corresponding 
to said first and second neutron population meas-
urements; and 

combining said first location apparent value repre-
sentation and said representation related to a func-
tion of the first and second apparent values to de-
rive a representation of an apparent value of said 
neutron characteristic corresponding to the second 
location neutron population measurements. 

44. The method of claim 43 wherein said neutron 
characteristic is a thermal neutron absorption charac-
teristic of the formation. 

45. The method of claim 43 wherein: 
the step of deriving said first location apparent value 

representation comprises controlling the timing of 
first and second detection intervals within the 
measurement period as a function of said apparent 
value representation; 

the step of combining said first location apparent 
value representation and a function of said second 
location neutron population measurements com-
prises controlling the measuring of the neutron 
population at the second location so as to provide 
a measurement of the neutron population at said 
second location during each of said first and sec-
ond detection intervals; and 

the function of said second location neutron popula-
tion measurements combined with said first loca-
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tion apparent value representation is a function of 
the ratio of the first and second detection interval 
neutron population measurements at the second 
location. 

5 46. The method of claim 45 wherein the representa-
tion derived by combining said first location apparent 
value representation and said ratio function of the sec-
ond location neutron population measurements is re-
lated to the ratio of the apparent values of said selected 

10 neutron characteristic corresponding to the neutron 
population measurements at said first and second loca-
tions. 

47. A method for providing a verifiably accurate 
measurement of an intrinsic neutron characteristic of 
an earth formation traversed by a borehole from de-
tected indications of the neutron populations in the for-
mation at first and second spaced locations along the 
borehole following irradiation of the formation with 
pulses of neutrons, comprising the steps of: 

^ deriving a representation of an apparent value of said 
neutron characteristic corresponding to said first 
location detected indications; 

combining said first location apparent value repre-
2 5 sentation and a function of said second location de-

tected indications to derive a representation func-
tionally related to the quality of said first location 
apparent value representation as a measurement of 
the intrinsic value of said neutron characteristic; 
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combining said first location apparent value repre-
sentation and said quality representation to derive 
a representation of an apparent value of said neu-
tron characteristic corresponding to the detected 

35 indications at said second location, thereby to pro-
vide a more accurate measurement of the intrinsic 
value of said selected neutron characteristic. 

* * * * * 
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