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(54) Neutron capture in borehole 
logging 

(57) A pulsed source of fast neutrons 
and a radiation detector responsive to 
the thermal neutron population decay 
rate are utilized in a well logging instru-
ment. The macroscopic neutron 
absorption cross-section (Sigma) is cal-
culated by taking the natural logarithm 
ofthe ratio of the detected radiation 
counts occurring within two measure-
ment intervals of fixed duration and 

starting at a fixed time after a neutron 
burst. This Sigma measurement pro-
vides a voltage which controls the start-
ing time of a single measurement inter-
val in a subsequent source pulsing 
cycle to provide a measured Sigma 
value. The trigger pulse sychronised 
with the neutron burst starts clock 45 so 
that, after a delay of 200ixs in means 48, 
multivibrator 50 feeds a square wave of 
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width 200|xs to integrator 52. When the 
output of 52 equals the Sigma voltage 
on line 42', timing pulse generator 46 
starts count rate meter 47 receiving 
pulses from the detector via line 25b. 
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SPECIFICATION 

Method and apparatus for measuring neutron characteristics of material surrounding a borehole 

*5 This invention relates to radioactivity well logging, and more particularly to methods and apparatus for p 
determining the macroscopic thermal neutron capture cross-section of the formations surrounding a 
borehole as determined by radiation measurements. 

It is well known in the art of radioactivity well logging, for example as illustrated and described in our U.S. 
Patent Nos, 3,379,882 and 3,379,884 to measure the macroscopic thermal neutron capture cross-section 

10 (Sigma (2)) of the formations surrounding a borehole. This prior art method makes such a measurement or ig 
computation by measuring the decline of the thermal neutron population in such formations within a fixed 
period of time following the emission of a burst of high energy neutrons and by dividing the radiations 
indicative of such thermal neutrons into two equal groups and computing the rate of change over the 
selected time interval. In U.S. Patent No. 3,566,116, use is made of two measurement intervals so that the 

15 starting time and the duration of the two measurement intervals can be continuously adjusted so as to 15 
maintain a fixed counting ratio between the two measurement intervals. 

Yet another method of measuring the macroscopic thermal neutron capture cross-section of the formation 
is described in our U.S. Patent No. 4,046,764, which method makes use of establishing the points in time at 
which radiation is detected within a fixed duration time interval beginning at a fixed time following each 

20 neutron burst from the source. A unique solution is obtained where each measured value of the time 20 
relationship defines a single value of macroscopic neutron absorption cross-section. 

In accordance with the present invention, there is provided a method for logging the formations 
surrounding an earth borehole, comprising pulsedly irradiating said formations with discrete bursts from a 
source of high energy neutrons, detecting radiations emanating from said irradiated formations at a detector 

25 spaced from said sources measuring said detected radiations during first and second time intervals 25 
following a burst from said source, generating time-separated electrical pulses indicative of said detected 
radiations during a third fixed time duration interval following a subsequent burst from said source, and 
controlling automatically the starting time of said third measurement interval in accordance with the said 
measurement from said first and second time intervals. 

30 Also in accordance with the present invention, there is provided apparatus for logging the formations 30 
surrounding an earth borehole, comprising a pulsed source for emitting bursts of high energy neutrons, a 
radiation detector for detecting radiation emanating from said formations, circuits means for measuring said 
detected radiations during first and second time intervals following a burst of neutrons from said source, 
circuit means for generating time-separated electrical pulses indicative of said detected radiations during a 

35 third fixed time duration interval following a subsequent burst from said source, and circuit means for 35 
automatically controlling the starting time of said third measurement interval in accordance with said 
measurementfrom said first and second intervals. 

In an embodiment to be described herein, a calculation of the measurement of the decline of the thermal 
neutron population in the formation is derived by counting the detected radiation within two equal 

40 measurement intervals of fixed time duration and occurring at a fixed time after the neutron burst. A ratio of 40 
the two counting rates provide the rate of change over the selected time interval. The counting ratio is 
converted into a natural logarithm representative of the Sigma calculation. The Sigma calculation derived by 
the ratio of the two fixed measurement intervals is utilized to vary the starting time of a single, fixed duration, 
said third measurement interval in a subsequent source pulsing cycle. In the preferred embodiment the 

45 measurement interval will begin no earlierthan 200 micro-seconds following the neutron burst and no later 45 
than 400 microseconds following the neutron burst. The measurement interval will be 600 microseconds in 
duration. The precise points in time at which radiation is detected within the interval following each neutron 
burst is established. Each measured value of the time relationship of the pulses will define a single value of 
the macroscopic neutron absorption cross-section. This measurement is recorded representing the 

50 macroscopic thermal neutron capture cross-section of the formation material. 50 
Said embodiment of the invention will now be described, by way of example only, with reference to the 

accompanying drawings, in which: 
Figure 1 is a side elevational view, partly in cross-section, of a radioactivity logging system in accordance 

with the present invention; 
55 Figure 2 illustrates in block diagram the subsurface electronics of this system; 55 

Figure 3 illustrates in block diagram a portion of the surface electronics utilized in this system; 
Figure 4 illustrates in block diagram additional surface electronics of this system; 
Figure 5A is a schematic representation ofthe characteristic decay of a thermal neutron population 

following a burst of fast neutrons within a well and a method of utilizing two gates to provide a measurement 
60 ofthe rate of decline of the population; and 60 

Figure 5B is a schematic representation ofthe characteristic decay of a thermal neutron population 
following a burst of fast neutrons within a well and a method of utilizing a single, variable starting gate to 
provide a measurement ofthe rate of decline ofthe population. 

Referring now to the drawings in detail, particularly to Figure 1, there is illustrated schematically a 
65 radioactivity well surveying operation in which a portion ofthe earth's surface 10 is shown in vertical section. 65 
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An earth borehole 11 penetrates the earth's surface and may or may not be cased. Disposed within the well is 
subsurface instrument 12 of the well logging system. Subsurface instrument 12 comprises a detecting -
system 13 and a pulsed neutron source 14for irradiating the formation with high energy neutrons. Cable 15 
suspends the instrument 12 in the well and contains the required conductors for electrically connecting the 

5 instrument with the surface apparatus. The cable is wound on or unwound from drum 16 in raising and -5 
lowering the instrument 2 to traverse the well. 

In making a radioactivity log of a well, instrument 12 is caused to traverse the well. Thereby neutrons from 
source 14 pulsedly irradiate the formations surrounding the borehole, and radiations influenced by the 
formations are detected by the detecting system 13. The resultant signal is sent to the surface through 

10 conductors within cable 15. Through slip rings and brushes 17 on the end of drum 16, the signals are coupled 10 
into surface electronics 18. After processing by the circuitry hereinafter described and illustrated, the 
resulting information is recorded on recorder 19. Recorder 19 is driven through transmission 20 by a 
measuring reel 21 over which cable 15 is drawn so that recorder 19 moves in correlation with the depth as 
instrument 12 transverses the well. The elements are shown diagrammatically, and it is understood that the 

15 associated circuits and power supplies are provided in a conventional manner. It is also understood thatthe 15 
housing for instrument 12 is constructed to withstand the pressures and mechanical and thermal abuses 
encountered in logging a deep well and to provide adequate space within it to house the necessary 
apparatus and to permit the transmission of radiation therethrough. 

In the operation of the apparatus of Figure 1, the source 14 is periodically activated, for example, 
20 approximately eleven hundred microseconds causing the formation to be irradiated with high energy 20 

neutrons. Gamma rays are detected by the detector system 13 which are indicative of thermal neutron 
source burst. The number of gamma rays present at anytime is proportional to the thermal neutron 
population around the instruments . The decay rate of the neutron population is an exponential. Electrical 
signals are transmitted up cable 15 indicative of such detected gamma radiation. 

25 Referring now to Figure 2, there is illustrated the subsurface circuitry for generating the sync signals and 25 
signal pulses hereinafter illustrated and described. The detector 13 is coupled to an amplifier 24, whose 
output is connected to a junction 25, to which is also connected the output of a synchronising pulse 
generator 28. A clock 26 controls the sync pulse generator 28 and also a high voltage pulser 27 which drives a 
conventional neutron source 14. In the preferred embodiment of the present invention, source 14 is a 

30 conventional D-T accelerator producing high energy 14 Mev neutrons at a rate as determined by the clock 26. 30 
The discrete burst of neutrons occur 1000 microseconds apart and are generally of 10 to 50 microseconds 
duration. Clock circuit 26 also drives a sync generator 28 having its output connected to junction 25. The 
junction 25 is connected to a conductor of cable 15 and serves to carry the signals to surface electronics 18 
for processing. 

35 In the operation of the circuitry and apparatus illustrated in Figure 2, the clock 26 causes high voltage to be 35 
applied to neutron source 14 to generate discrete bursts of neutrons, each such burst being separated by 
approximately 1000 microseconds. The detector 13 detects gamma radiation resulting from the capture of 
thermal neutrons occasioned in the formation surrounding the borehole by neutron source 14. The detected 
pulses from detector 13 are immediately amplified by amplifier 24 and combined with the sync pulses, 

40 generated by sync pulse generator 28 in response to clock 26, for transmission to the earth's surface. 40 
Referring now to Figure 3, the surface electronics shown generally by the reference numeral 18 in Figure 1 

is shown in greater detail. The junction 25a corresponds to the junction 25 in the subsurface circuitry. 
Junction 25a is coupled through amplifier 29 to a conventional sync and signal separator circuit 30 which 
separates the sync signal from the amplified signal pulses. The separation can be achieved by any of the 

45 conventional circuit devices, for example, through pulse height discrimination. The sync output of the 45 
separator circuit 30 is coupled into clock circuit 31 the output of which is connected to the input of delay 
circuits 32 and 33. The signal output of separator circuit 30 is coupled into one input of a two-input AND gate 
34 and into one input of a second two-input AND gate 35. 

Delay circuit 32 is set to have a delay of 400 microseconds and has the output connected to single shot 
50 multivibrator 36. Delay circuit 33 is set to have a delay of 600 microseconds and has the output connected to 50 

single shot multivibrator 37. Each of the single shot multivibrators 36 and 37 produces a square wave of 200 
microseconds duration. The output of single shot multivibrator 36 is connected to the second input of AND 
gate 35 while the output of single shot multivibrator 37 is connected to the second input of AND gate 34. The 
output of AND gate 34 is connected to count rate meter 38 and the output of AND gate 35 is connected to 

55 count rate meter 39. The outputs of count rate meters 38 and 39 provide the inputs to ratio circuit 40 the 55 
output ofwhich is connected to logarithmic circuit 41. The output of logarithmic circuit 41 is connected to 
junction 42. 

In a homogeneous medium, the rate of thermal neutron absorption is defined by the following equation: 

60 _ A t 60 
N 2 = N i e - ^ j : (1) 

where N-i, N2 are the number of thermal neutrons in existence at times t-i, andt2; At is the time between 
65 measurements (t2 - t i); and T is the absorption rate of thermal neutrons in the medium. 65 
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Thermal neutron capture cross-section of the medium is determined from the rate of absorption as 
• follows: 

1 
•5 * = (2) 5 

w h e r e ! is the thermal neutron capture cross-section and V is the velocity of thermal neutrons. Solving the 
Sigma yields the familiar equation: 

10 10 

Z VAt N2 

15 Referring now to Figure 5A, there is graphically illustrated a waveform 22 which is representative of the 15 
rate of neutron decay as measured by detector system 13 in accordance with the present invention. With the 
data which produces such curves, the rate of decline of the thermal neutron population is computed by 
measuring the integrated radiation counting rate under the curve 22 occurring during measure intervals Nn 

and N2. At is measured between the mid-points or starts of the two measurement intervals and V is set to a 
20 constant value of 2200 meters/second. This is sufficient data to calculate Sigma. 20 

In the operation of the surface electronics illustrated in Figure 3, the sync signal and the detected radiation 
pulses are provided by subsurface instrument 12 to amplifier 29. The amplified output of amplifier 29 is 
coupled to sync and signal separator circuitry 30 the sync output of which is coupled to clock circuit 31 and 
the signal output representative of the detected radiations is connected to one input of AND gates 34 and 35. 

25 The clock output signal from clock circuit is delayed 400 microseconds by delay circuit 33. The delay clock 25 
signal output from delay circuit 32 is coupled to single shot multivibrator 36 while the delay clock signal 
output from delay circuit 33 is coupled to single shot multivibrator 37. 

Single shot multivibrators 36 and 37 are set to produce a square wave output of 200 microseconds in 
duration. The output of single shot multivibrator 36 provides the second input to AND gate 35 whereas the 

30 output of single short multivibrator 37 provides the second input to AND gate 34. Thus, AND gate 35 will 30 
pass all the detected radiation occurring in the time interval from 400-600 microseconds following the sync 
pulse and AND gate 37 will pass all the detected radiation occurring in the 600-800 microsecond interval. The 
respective radiation intervals are illustrated by measurement intervals Nt and N2 of Figure 5A. 

The outputs of AND gate 34 and AND gate 35 are counted by count rate meters 38 and 39, respectively. A 
35 ratio is taken by ratio circuit 40 of the counts within the two measurement intervals. The logarithmic circuit 35 

41 provides a natural logarithmic signal of the ratio signal from ratio circuit 40. The output of logarithmic 
circuit 41 is connected to the junction 42 and represents the Sigma value of the formation. 

Referring now to Figure 4, circuitry is described in block diagram in accordance with the present invention 
wherein the input terminal 25b corresponds with junction 25 of Figure 2'and provides the input to amplifier 

40 43. The output of amplifier 43 is connected to the input of sync and signal separator circuit 44. The sync 40 
outputs of sync and signal separator 44 are connected to clock circuit 45 and timing pulse generator circuit 
46. The signal output of sync and signal separator circuit 44 is connected to the input of count rate meter 47. 

The output of clock circuit 45 is connected to the inputs of delay circuits 48 and 49 the outputs of which are 
connected to the inputs of single shot multivibrators 50 and 51, respectively. One output of single shot 

45 multivibrator 50 is connected to integrator circuit 52 with the second output of single shot multivibrator 50 45 
connected to one input of two-input AND gate 53. The output of integrator circuit 52 is connected to 
comparator circuit 54, the second input of which corresponds to junction 42 of Figure 3. 

The output of comparator circuit 54 is connected to the second input of AND gate 53 with its output 
connected to one input of two-input OR gate 55. The second input to OR gate 55 is connected to the output of 

50 single shot multivibrator 51. The output of OR gate 55 is connected to one input of timing pulse generator 50 
circuit 46. Timing pulse generator 46 has one of its outputs connected to a second input to count rate meter 
47. Another output of timing pulse generator 46 is connected by conductor 56 to one input of gate circuit 57. 
Another input to gate 57 is driven by the output of clock 58. The output of gate 57 is connected to first input of 
each of a plurality of gates 59-63, also identified as gates No. 1, No. 2, No. 3, No. 4, and No. N, respectively. 

55 The output of count rate meter 47 is connected into a conventional pulse detector circuit 64, for example, a 55 
pulse register having a plurality of outputs which are respectively connected to the second inputs of gates 
59.63. Pulse detector circuit 64 recognizes the time sequence of the output pulses from count rate meter 47 
and sorts them accordingly. Thus, the first pulse in the detection cycle is passed to No. 1 gate and the second 

" pulse received is passed in a similar mannerto No. 2 gate. By having an adequate number of places within 
60 pulse detector circuit 64 and a correspondingly adequate number of gates, a timing gate is thus turned on by 60 

each pulse detected in count rate meter 47 at a time coinciding with the time position of that pulse in the 
- detection cycle. Following the end of the cycle, a reset pulse from timing pulse generator 46 returns pulse 

detector circuit 64 to its original condition. Output pulses from count rate meter 47 and reset pulses from 
timing gate generator 46 are also connected into analyzer circuit 65. The outputs of gates 59- 63 are also 

65 connected into analyser circuit 65. 65 
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In the operation of the portion of the surface electronics illustrated in Figure 4, it should be appreciated that 
the input signal appearing at input terminal 25b consists of a trigger of sync pulse followed by the signal 
pulses of interest. The trigger pulse is synchronized with the neutron burst from the subsurface instrument 
source 14. The signal pulses are random but on the average decrease in number exponentially with time. A 

5 relatively fewfollow each neutron burst varying from zero to probably less than ten in number. This number 5 
is a function of instrument efficiency and well bore environment. Although the circuitry illustrated utilizes 
gates No. 1,2,3,4 through N,any number of gates can be used to accept therequired number of pulses per 
cycle. 

The input signal is amplified by amplifier circuit 43 and the sync signal is separated from the pulse signal 
10 by sync and signal separator circuit 44. The sync output is coupled to clock circuit 45 and timing pulse 10 

generator 46, and the signal output representative of the detected radiations is connected to the input of 
count rate meter47. The clock output signal from clock circuit 45 is delayed 200 microseconds by delay 
circuit 48 and is delayed 400 microseconds by delay circuit 49. The delayed clock signal output from delay 
circuit 48 is coupled to single shot multivibrator 50 while the delayed clock signal output from delay circuit 49 

15 is coupled to single shot multivibrator 51. 15 
Single shot mulvibrator 50 produces a square wave of 200 micriseconds in duration which provides the 

input to integrator circuit 52. The square wave input to integrator circuit 52 is converted to a voltage level in 
the form of a d.c. voltage ramp which is proportional overtime to the width of the input gate. The slope of the 
integrator output ramp can be set to provide the desired time constant for optimum use in comparator 54. In 

20 addition to the d.c. voltage input from junction 42', which is a d.c. voltage level proportional to the calculated 20 
Sigma of the measured formation. The source of the Sigma measurement at junction 42' is the portion of the 
surface electronics illustrated in Figure 3 which is the Sigma calculated within the fixed measurement 
intervals of400-600 microseconds and 600-800 microseconds. 

Comparator circuit 54 will produce an output signal when the Sigma level and the integrator voltage level 
25 are in coicidence. The comparator output is connected to one input of AND gate 53, the second input being 25 

the 200 microsecond gate output from single shot multivibrator 50. AND gate 53 will produce an output 
whenever there is coincidence within comparator 53 and this coincidence occurs within the interval from 
200-400 microseconds following the sync pulse. The output of AND gate 53 is connected to one input of OR 
gate 55'the second input being a 200 microsecond gate signal starting 400 microseconds after the sync 

30 signal. If OR gate 55 is not triggered by an output from AND gate 53, single short multivibrator 51 will cause 30 
OR gate 55 to output a signal at the 400 microsecond point in time after the sync pulse. 

The output signal from OR gate 55 is connected to timing pulse generator 46. Timing pulse generator 46 
accepts the trigger pulse and generates time oriented logic signals for the other circuit blocks. For example, if 
the desired signal pulses fall within a 600 microsecond interval, with a starting time from between 200-400 

35 microseconds following the sync pulse, the following logic is generated: 35 
A. A 600 microsecond "gate on" signal coupled into count rate meter 47 from timing pulse generator 46; 
B. A 600 microsecond "gate on" signal coupled into gate 57 by means of conductor 56 to thereby couple 

out the clock pulses from clock 58 to the inputs of gates 59-63. 
C. A reset pulse coupled out of timing pulse generator 46 into the inputs of pulse detector circuit 64 and 

40 analyzer circuitry 65. 40 
The preferred embodiment contemplates the use of a 5MHz clock 58 which is used as the- digital time 

reference for the measurement of the time relationship of the detected radiation pulses, the basic frequency 
of the clock is not critical; the value selected is determined by the desired accuracy in the measurement of 
the time relationship. The "gate on" pulse from timing pulse generator 46 into gate 57 enables the clock 

45 pulses to be used to operate gates 59-63. By way of example, clock gate 57 is open for a 600 microsecond 45 
period and the 5NHz clock pulses are applied to the timing gate circuits during this period. Gates 59-63 are in 
the off condition at all othertimes. 

Count rate meter circuit 47 is in the off condition except when turned on by logic from timing pulse 
generator46, in this example, for 500 microseconds starting between 200-400 microseconds following the 

50 trigger sync pulse. When turned on, the count rate meter circuit 47 accepts signal pulses from sync and 50 
signal separator circuit 44. The pulses detected are processed in two fashions. They are shaped and 
integrated with an appropriate time constant to produce an analog signal proportional to the pulse rate. In 
addition, each signal pulse is shaped and passed as a gating pulse to pulse detector circuit 64. 

The timing gates 59-63 are in the off position until the information begins, determined by an output from 
55 OR gate 55, and the clock pulses are impressed on the inputs of gates 59-63. When the first signal pulse 55 

occurs and is detected by the pulse detector circuit 64, No. 1 gate 59 is turned on and remains on throughout 
the measure cycle. The output of No. 1 gate is clock pulses equivalent to the time 600-T1( where Tt is the time 
difference between the beginning of the information cycle and the detection of the first signal pulse. A later, 
second pulse will open No. 2 gate and produce a signal 600-T, and so on with the remainder of other gates 

60 61-63. At the end of the measure cycle, the clock gate 57 cuts off the timing pulses to timing gates 59-63. The 60 
outputs of gates 59-63 are coupled into analyzer circuit 65. 

Analyzer circuit 50 contains means for counting the total number of clock pulses appearing in the 
combined inputs during a given cycle and also circuitry for converting the total digital count into an analog 
signal. The analyzer circuitry 65 is reset by means of the signals appearing on the reset input coming from 

65 timing pulse generator 46. Analyzer circuit 65 processes the input clock pulses based upon the unique 65 
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relationship between Sigma and the pulse distribution. This relationship can be expressed as follows: 

Totp = > F (2, G, B) 

5 5 

where T is the operator, tp is based upon the individual pulse times, F represents the functional relationship, 
2 is the macroscopic capture cross-section, G is the gate width and B is the background radiation. The gate 
width is of a predetermined fixed duration and the background radiation can be removed by one of the well 

10 known background subtraction methods. Therefore, there is a unique Sigma value for every distribution of 10 
the detected radiation pulses whether the distribution be determined as the arithmetic mean time, the 
medium time, or a weighted average. 

Returning now to Figure 5, the rate of neutron decay curves, 22 and 23, have an initial rate of neutron 
decay, 22a and 23a, which is not an exponential function but rather is relatively a complex function caused in 

15 part by borehole influences. After some short period of time these disturbing influences become negligible 15 
and the rate of decay is substantially controlled by the formation capture cross-section. The point at which 
the undesirable influences become negligible is related to the rate of decline in the neutron population. To 
increase measurement accuracy, partly based on a higher counting rate of detected radiation, it is desirable 
to begin counting the detected radiation early on the exponential portion ofthe decay curve. Therefore, as 

20 the calculated Sigma value for the formation increases as supplied from the two fixed measurement 20 
intervals, it is desirable to reduce the point in time on the rate of decay curve at which the measurement of 
detected radiation begins. 

As discussed in relation to the circuit drawings, the starting time in relation to the sync pulse is altered by a 
function ofthe previously calculated Sigma value. The measure interval N is caused to begin by an output 

25 provided from AND gate 53 which can range as early in time as 200 microseconds following the sync pulse. If 25 
AND gate 53 does not provide an output signal, OR gate 55 will assure the assure the measure interval to 
begin no later than 400 microseconds following the sync pulse. In other words, measure interval N will begin 
within time interval 66 illustrated in Figure 5B. 

Delay circuit 32 could be setto provide calculation intervals which will not be contiguous but rather would 
30 be separated by some fixed time. Likewise, the time delay Sigma value could also be derived from a single 30 

gate time relationship Sigma calculation. 

CLAIMS 

35 1. A method for logging the formations surrounding an earth borehole, comprising pulsedly irradiating 35 
said formations with discrete bursts from a source of high energy neutrons, detecting radiations emanating 
from said irradiated formations at a detector space from said source, measuring said detected radiations 
during first and second time intervals following a burst from said source, generating time-separated 
electrical pulses indicative of said detected radiations during a third fixed time duration interval following a 

40 subsequent burst from said source, and controlling automatically the starting time of said third 40 
measurement interval in accordance with the said measurement from said first and second time intervals. 

2. A method as claimed in claim 1, wherein said third time interval is automatically controlled to start 
from between 200-400 microseconds following said subsequent neutron burst. 

3. A method as claimed in claim 2, wherein said third time interval is of 600 microseconds duration. 
45 4. A method as claimed in claim 3, wherein said first and said second time intervals are contiguous and 45 

of equal duration. 
5. A method as claimed in claim 4, wherein said first time interval is from between 400-600 microseconds 

after said burst of high energy neutrons and said second time interval is from between 600-800 
microseconds following said burst of high energy neutrons. 

50 6. A method as claimed in any preceding claims, further comprising deriving a ratio of said measured 50 
radiations during said first and second intervals, said ratio being substantially representative ofthe decline 
ofthe neutron population in said formations. 

7. A method as claimed in claim 6, further comprising generating an electrical signal representative of 
the arithmetic mean time of the total of said electrical pulses within said third time interval. 

55 8. A method as claimed in claim 6, further comprising generating an electrical signal representative of a 55 
medium time ofthe total of said electrical pulses within said third time interval. 

9. A method as claimed in claim 6, further com prising generating an electrical signal representative of a 
weighted average time ofthe total of said electrical pulses within said third time interval. 

10. Apparatus for logging the formations surrounding an earth borehole, comprising a pulsed source for 
60 emitting bursts of high energy neutrons, a radiation detector for detecting radiation emanating from said 60 

formations, circuit means for measuring said detected radiations during first and second time intervals 
following a burst of neutrons from said source, circuit means for generating time-separated electrical pulses 
indicative of said detected raidations during a third fixed time duration interval following a subsequent burst 
from said source, and circuit means for automatically controlling the starting time of said third measurement 

65 interval in accordance with said measurement from said first and second intervals. 65 
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11. Apparatus as claimed in claim 10, arranged for said third time interval to be automatically controlled 
to start from between 200-400 microseconds following said subsequent neutron burst. f 

12. Apparatus as claimed in claim 11, arranged for said third time interval to be of 600 microseconds 
duration. 

5 13. Apparatus as claimed in claim 12, arranged for said first and second time intervals to be contiguous 5 
and of equal duration. 

14. Apparatus as claimed in claim 13, arranged for said first time interval to be from between 400-600 
microseconds after said burst of high energy neutrons and said second time interval to be from between 
600-800 microseconds following said first of high energy neutrons. 

10 15. Apparatus asclaimed in any oneof claims 10to 14, including means for deriving a ratioof said 10 
measured radiations during said first and second intervals, said ratio being substantially representative of 
the decline of the neutron population in said formations. 

16. Apparatus asclaimed in claim 15, including means for generating an electrical signal representative 
of the arithmetic means time of the total of said electrical pulses within said third time interval. 

15 17. Apparatus as claimed in claim 15, including means for generating an electrical signal representative 15 
of a medium time of the total of said electrical pulses within said third time interval. 

18. Apparatus as claimed in claim 15, including means for generating an electrical signal representative 
of a weighted average time of the total of said electrical pulses within said third time interval. 

19. A method for logging the formations surrounding an earth borehole, which method is as claimed in 
20 claim 1 and substantially as herein described with reference to the accompanying drawings. 20 

20. Apparatus for logging the formations surrounding an earth borehole, substantially as herein 
described with reference to the accompanying drawings. 
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