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ENHANCEMENT OF DRILL BIT SEISMICS THROUGH
SELECTION OF EVENTS MONITORED AT THE DRILL BIT

Field of the Invention

This invention relates to collection of data from the earth using seismic
measurements and more particularly collection, at or near a drill bit, of data relating to

vibrations of the drill bait.

Background of the Invention

Conventional seismic technology uses surface sources of seismic energy and
surface receivers to detect reflections from underground geologic formations such as
layers and faults. The collected seismic data can be used to locate the underground
formations and guide drilling operations to sources of hydrocarbons.

In Vertical Seismic Profiling (“VSP”), drilling operations are interrupted to
place a series of seismic sensors at discrete depths in a borehole being drilled. A
surface source releases energy that is reflected off underground geologic formations.
The seismic sensors in the borehole sense the reflected energy and provide signals
representing the reflections to the surface for analysis. The seismic data is used in
analysis of the geology of the earth near the borehole.

In a subsequent development, known as “drill bit setsmics”, seismic sensors
were positioned at the surface near the borehole to sense seismic energy imparted to
the earth by the dnll bit during drilling. The sensed energy was used in the traditional
seismic way to detect reflections from underground geologic formations. Further, this
technique was used to detect “shadows”, or reduced seismic energy magnitude,caused

by underground formations, such as gas reservoirs, between the drill bit and the



surface seiisors.

Analysis of drill bit seismic data entails determining the amount of time

between the generation of the seismic energy by the drill bit and the detection of the
seismic energy. This can be accomplished by using a “pilot sensor” near the top of
5 the drillstring to which the drill bit s attached. The pilot sensor detects the vibrations
transmitted through the drillstring by the drill bit. Those vibrations, corrected and
{iltered to account for the delay and distortion caused by the drillstring, can be
correlated with the seismic energy received at the surface sensors to determine the
distance raveled by the seismic energy received at the surface sensors. With this
10 information, the location of the underground formations can be detenmined.
Drill bit vibrations can be resolved into “axial” accelerations, which are

accelcrations in the direction that the drill is drilling, and “lateral” accelerations,

which are accelerations perpendicular to axial accelerations.
There is evidence that lateral waves, which are caused by lateral acceleration,
15 generated below the neutral point (the point at which tension is zero) of the drillstring
do not propagate to the surface along the drillstring. Accordingly, the pilot scuisor

will not detect lateral waves generated by the drill bit.

If, however, lateral waves generated by the drill bit are of sufficient

magnitude, it is likely that the bottom hole assembly (“BHA™) will contact the
70 borehole wall at random times and at random localions, in an event called a “wall

slap™. These contacts will generate strong seismic events that will be detected by the

surface sensors and the pilot sensor.

The pildt sensor and surface sensor measurements would not indicate that

excessive lateral motion (and hence a possible wall slap) is associated with the event.

25  Such an event would be difficult (and probably impossible) to analyze.

United States Patent No. 5,721,376 describes a system in which a transfer
function between bottom hole signals, including signals representing accelerations
along three orthogonal axes, and surface signals is calculated in order to predict and

avoid the appearance of “stick-slip” dysfunctioning. The Background of the [nvention
30 section of United States Patent No. 5,721,376 describes thrce references which are
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relevant to the general stute of the art.

Summary of the Invention

The invention provides an improved refecence for drill bit seismics with a

5  Jdownhole tool for usc at or near the bit thal measures vibrations at or near the bit. The
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tool has a downhole microcontroiler and a very accurate downhole clock (which drifts
no more than about 1 ms during the downhole mission). The downhole controller
continuously samples the vertical vibration level and compile statistics on the stgnal
being generated by the bit. When a strong cvent occurs, the time of the onset of the
> event s rccorded and telemetered, for example via mud pulse telemetry, to the

surface. The criterion used for picking an event may be very simple. For example. an
event might be selected if its amplitude was more than three times the mean
amplitude. For random noise, three standard deviations would be chosen. In addition,
a muumum tme interval can be specified for reporting pulses. Alternatively, the

10 strongest impulsc in a pre-set time interval can be selected. and the amplitude and
time of the pulse can be telemetered 1o the surface.

In general, in one aspect, the invention features an apparatus for enhancement
of drill bit seismics through selection of events monitored at the drill bit. The
apparatus comprises an axial transducer sensitive to axial acceleration of a drill bit.

5> The axial transducer is configured to produce an axial transducer signal representative
of the axial acceleration of the drill bit. The apparatus includes an axial sampler
coupled to the axial transducer signal which is configured to take samples of the axial
transducer signal to produce axial samplcs'. The apparatus includes a lateral
transducer sensitive to lateral acceleration of the drill bit and configured to produce a

20 lateral transducer signal representative of the lateral acceleration of the drill bit. The
apparatus inciudes a lateral sampler coupled to the lateral transducer signal. The
lateral sampler is configured to take samples of the lateral transducer signal (o produce
lateral samples. The apparatus includes a pulse selector configured to select axial
samples for analysis and to transmit to the surface the axial samples and a time related

25 1o the time that the axial samples were sampled.

Implementations of the invention may include one or more of the following.
Lhe pulse selector may comprise a clock configured to provide the time when the

axial samples and the lateral samples were sampled and a signal processor configured

to select the axial samples for analysis by scanning the axial samples to find events

3
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comprising contiguous groups of axial samples which meet a criterion. The criterion
may comprise the amount of time between the sampling of the first pulse in the event
and the sampling of the last pulse in the event being between a lower Limit and an
upper limit. The criterion may comprise the amplitude of the axial samples in the
> event not deviating a predetermined multiple of the standard deviation of the

magnitudes of the axial samples in the event from the mean of he magnitude of the
axial samples in the event for more than a predetermined time. The criterion may
comprise the magnitude of the lateral samples taken during the event and for a
predetermined time before the event and a predetermined time after the even not

10 exceeding a predetermined amount. The criterion may comprisc the amount of time

between the sampling of the first sample 1 the event and the sampling of the last

sample in the event being between a lower limit and an upper limit. The criterion may
comprise the amplitude of the axial samples in the event not deviating a

predetermined number of standard deviations of the magnitude of the axial samples in

15 the event from the mean of the magnitude of the axial samples in the event for more
than a predetermined number of milliseconds and the magnitude of the lateral samples

taken during the event and for a predetermined time on either side of the event not

exceeding a predetermined amount.
The signal processor may be configured to compute the mean and the standard
20 deviation of the magnitudes of the axial samples. The signal processor may be

configured to compute a moving average estimate of one or both of the mean and the

standard deviation of the magnitude of the axial samplcs i the event. The signal

processor may compute the moving average estimate using the following equation:

Y [,

)

(I

h
z
-
g
P--t
g

yi 1s the ith standard deviation or mean to be averaged; and

<y;> 1s the ith averaged value:

<y..,> 1s the (i - 1)st averaged value: and
4
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[n general, 1n another aspect, the invention features a method for enhancement

of drill bit seismics through selection of events monitored at the drill bit. The method
comprises sampling a signal representative of axial acceleration of a drill bit at a
predetermincd rate for a predetermined time.to produce axial samples, sampling a
signal representative of lateral acceleration of a drill bit at a predetermined rate for a
predetermined time to produce lateral samples, scanning the axial samples for events.
selecting the strongest event from among the events found while scanning, and

telemetering a start ime and a predetermined number of samples of the strongest

event to the surface.

Implcmentations of the invention may include one or more of the following.

The method may further comprise filtering the axial samples prior to scanning.
Filtering may comprise digitally {iltering the axial samples with a digital bandpass
filter having a predetermined pass band. The method may further comprise
decimating the axial samples prior to scanning. Decimating may comprise retaining
every nth axial sample. The method may further comprise calculating the mean of the
axial samples and calculating the standard deviation of the axial samples. Scanning
may comprise tfinding events comprising contiguous axial samples for which: the
amount of time between the {irst sample in the event and the last sample in the event
are between a lower limit and an upper limit; the amplitudes of the axial samples in
the event do not deviate a predetermined number of standard deviations of the
magnitude of the axial samples in the event from the mean of the magnitude of the
axial samples in the event for more than a predetermined number of milliseconds; and
the magnitudes of the lateral samples taken during the event and for a predetermined
time on either side of the event do not exceed a predetermined amount. The micthod
may further comprise calculating the moving average of the standard deviation of the
axial samples. The amplitudes of the axial samples i the event may not exceced

predetermined multiple of the moving average of the standard deviations of the
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magnitude of the axial samples in the event for more than a predetcrmined number of

milliseconds.

The method may comprise modif ving adaptively the predetermined amounts if

linding produces no events. Scamning comprises convolving the axial samples with a

(/)

reference pulse to produce a convolved signal: {inding the peak in the convolved

signal and a time corresponding to the peak: and specifying an event by the time

corresponding to the peak of the convolved signal. Selecting may comprise selecting

the event with the largest mean magnitude.

Brief Description of the Drawings

10 F1g. 1 1s a block diagram according to the present invention.

Figs. 2, 3A and 3B are flowcharts according to the present invention.

Description of the Preferred Embodiments

An event logging ool 10 has sensors for measuring axial 12 and optionally
lateral 14 acceleration, as shown in F 1g. I. The sensors 12 and 14 are connected to a
15> controller 16. The controller 16 coordinates the sampling of the sensors 12 and 14
and stores the samples in a memory 18. The controller 16 also coordinates the
activities of an optional digital signal processing module 20 (the controller can also be
designed to carry out the activities of this module). The event logging tool 10 {urther

comprises a high precision clock 22 and a master clock 24, preferably derived from

20 the high precision clock 22 so that all operations can be synchronized with the high

precision clock 22. The event logging tool 10 further comprises a sensor interface 26

which allows the event logging tool to send and receive data to other sensors or

downhole controllers, or to the outside world The interface 26 1s used for sensor

nitialization, calibration and performance verification, and to specity operating
25 parameters. The interface 26 has a first port 28 for synchronizing with the external
clock and a second port 30 for specifying the time between reporting events,

Upon tool initialization, carricd out at the surface before the tool is tripped into
the borehole, the tool’s internal higlh precision clock is synchronized with an external

high precision clock. In addition. operating parameters are specified. and in

0
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particular, the period at which information will be required {rom the sensor is
specified. To be specilic, this period will be referred to as T, The tool canbe putin a
“rest mode” by an external controller in the drillstring, and put into an “active mode”™
upon command from the same external controller when the tool has reached the

5 bottom of the borehole. When the tool is in the rest mode, the precision clock and

sensur interface continue to operate while the rest of the system is in a dormant mode.

When the tool is active, the lateral and axial acceleration are measured at a

sampling rate of i/r where 7<<T. Toavoid aliasing, it is recommended that 7= 1
ms (i.e. the sensors are sampled at a rate of | ktHz.) Note that more than one sensor
10 may be involved with the measurement of lateral acceleration as, {or example, the
sensors described in U.S. Patent 5,720,355. The advantage to this is that lateral
motion can be clearly distinguished from other forms of motion. 1f this approach 1s

taken, an extra signal processing step is needed to extract the lateral motion.

The controller 16 causes M samples to be taken from the lateral acceleration

15 sensor 172 and the axial acceleration sensor 14 during the time interval T, where M is

approximately T/r. The controller 16 stores the M samples from each sensor in

memory 18 along with the time (taken from the prevision clock 22) at which sampling
was started.  After the period T has elapsed, the sampled signals are anulyzed 1o
select the best pulsc in the interval to report to the surface syslem. The analysis

20 activity occurs in the digital signal processing block 20, although as noted earlier, the

signal processing and controlling funciton may be handled by a single module with
computational capability. In the preferred embodiment, the starting time of a window
containing the best pulse is transmitted to the surface along with several samples o
data, roughly cenlered on the pulse. The pulse profile and the time of occurrence of

25 the pulse is used as a reference in the seismic PIOCESSINg System.

The processing performed by the digital signai processor 20 18 111ustratcd in

Fig. 2. Axial and lateral acceleration are sampled 32 for T seconds at a rate of 1/¢

samples per second. The collected axial acceleration is bandpass filtered 34 between

BIAENDED SHEET
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U and 80 FHz which can be accomplished with standard digital filtering techniques.

The digital filter is of a type that does not introduce an appreciable amount of delay

nto the signal.

The signal is then compressed (or decimated) 36 by retaining only every f{ifth
sample (for an effective sampling rate of 200 Hz, or a tolding frequency of 100 Hz)
resulting in N samples. Next. the meuan and standard deviation of the (filtered and
decimated) axial acceleration are calculated 38 over the N samples. To be specific, let

us assume that this is the i" set of data processcd 1n this manner. The mean is

calculated by:

where ax; j is the j" sample of axial acceleration during the sampling interval of

period T and ax, is the average axial acceleration for this i" sampling interval.

Similarly. the standard deviation oux, is calculated by:

A 2N \
)
Zax,", = Zaxu /' N
/=1 \ /=I /
oax, = , —
N — ]

T'he average value is actually of little usc in this calculation since its expected value is
zero. but it 1s a free piece of information which is calculated whenever the standard
deviation is calculated, and it provides an mdication of transducer or amplifier drift.
As was indicated above, fairly sophisticated pulse selection criteria can be
used downhole. The mean and standard deviation can be [urther processed 40 so as to

provide a moving average estimatc of these parameters. An example of such an

averaging technique is given below. In this expression, the symbol y; can stand for

S P ——

either ax, or oux, obtained above.

. v L

<;> - S 4 .<-V*~!>
£ I+ ¥

where i is the i" 1o be averaged (for example, the i" standard deviation), (y,_,) is (i-

3

CA 02332429 2000-11-15

Y - ' PR R
- = : TN e DT o .
T ] N

) shdape I L {APE TR - O A

il .0 RS B= I 00 . . A AL vt Y e A ey P e VA e G b YAy 7 | gAY

% L -~ - : Viaow oonees S G T T e

) Bl I

’ 44Ky P o4 Ha AT RN m

: : JALTOA w ol S Pl * RN 78 b XA

. . oo il p T ATNR 17 LT T O

e sl lan ton v D Sl ag ooy . AN SR I SR A e AL G P B Ay



WO 00/00846 PCT/US99/14669

/ )’h averaged value, (\) the ;1 averaged value,and 0 < . Taking

<}-'0> = y,, 1t 1s easily shown that

-t ! [ Y
) = e S (2]

]+.«1/ ;:(?\l+}// \‘l+1/'/

Yo

from which it is clear that the older a sample is relative to the present sample, the less
> 1t contributes to the werghted average. Other filtering techniques can also be used in
this step.
T'he hltered and decimated axial accelerations are then scanned 42 for suitable

events, as shown in greater detail in Figs. 3A and 3B. The rules implemented by the

iHlustrated algorithm are:

10 -- The width of the event must be between two limits. For example, the pulse

width should be greater than 12 ms and less than 100 ms: these limits ensure
that most of the encrgy will be in the range of frequencics that can be received
at the surface. With the filtered and decimated accelerations. this spectfication
translates to the width being three or more samples. but no greater than 20

15 samples.

-- The amplitude must not exceed +2 standard deviations {or 2 time of 200 ms

(40 samples ol the {iltered and decimated accelerations) on either side of the

sclected pulse.

-- Lateral acceleration during the event must not exceed .1 ¢ during the pulse
and for 200 ms on either side of the pulse. Note there is a slight complication
here. In the preferred embodiment, the lateral accelerations are not filtered and
decimated. Thus. it is necessary to examine all of the lateral acceleration
samples corresponding to a decimated axial acceleration value.

-- T'he time of a suitably chosen reference point relative to the pulse 1s

235

reccorded 1n a location which will be referred to as “the table of events. In

Fig. 3, the values of j at the time an event is identified, and cl, ¢2, ¢3, ¢4, and
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¢ are recorded in the table of events since they can be used to determine

beginning and duration of the event.

-- The maximum amplitude of the event is also recorded 1n the table of events.

Tokeep Figs. 3A and 3B as simple as possible, a routine for determining this

5 maximum value is not included, but means for determining peaks within time

intervals are well known in te art.

f1gs. 3A and 3B will now be described in detail )", which is an index used

to determine which samples are being cxamined, is set 44 10 1. 1£ 46 the untiltered

undecimated lateral acceleration data 1s greater than 0. g for any of the samples 3j-4

10 through 3jorifj=1.thencl. ¢2. ¢35, c4 and c5 are all set 48 10 zero. As will be seen.

cl 1s the number of samples before the pulse where the absolute value of the axial

acccleration is less than 2 standard deviations away [rom the mean axial acceleration

c2 is the number of samples beforc the pulse where the absolute value of the axial
acceleration is greater than 2 standard deviations but less than 3 standard deviations

15 away from the mean axial acceleration. ¢3 is the number of samples in the pulse,

which is defined as consecutive samples greater than 3 standard deviations away {rom
the mean axial acceleration. ¢4 is the number of samplcs after the pulse where the
absolute value of the axial acceleration is greater than 2 standard deviations but less

than 3 standard deviations away from the mean axial acceleration. c5 is the number of

20 samples after the pulse where the absolute valye of the axial acceleration is less than 2

standard deviations away from the mean axjal accelcration.

After initialization 48 or after it is determined that the lateral acceleration is

within limits 46, the absolute value of axia acceleration for sample j is tested 50 1o

determine if it is less than 2 standard deviations from the mean axial acceleration. Ifit

25 1s, which will be the normal condition before a pulse is detected, then ¢3 is tested 57

to determine if it is less than 3. Since a puise has not yet been detected, c¢3 will be
c3 1s then tested 54 to determine if it is greater than 0. Since no pulse has arrived. ¢3
will be equal to 0 and this test will fail. ¢l will then be incremented 56. j will then be

tested 58 (Fig. 3B) against N to determine if the end of the stored data has been

10
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reachcd. Ifit has not, i will be incremented 60 and the process will return to block 46
(Fig. 3A). These steps will repeat until a sample is encountered which has an absolute
value of axial acceleration greater than 2 standard deviations from the mean.
In that case, blocks 46 and 50 will be executed and the result of the test in
s block 50 will be negative. Consequently, the absolute value of axyal acceleration for
sample j is tested 62 to determine if it is less than 3 standacd deviations and more than
7 standard deviations from the mean axial acceleration. Ifitis, then c3 is tested 64 (o
determine ifit is less than 3. Since a pulse has not yet been detected, ¢3 will be (). c¢3
< then tested 66 to determine if itis greater than Q. Since no pulse has arrived, ¢3 will
10 be equal to 0 and this test will fuil. ¢2 will then be incremented 68, j will then be

lested 58 (Fig. 3B) against N to determine if the end of the stored data has been

reached. 1f it has not, j will be incremented 60 and the process will return to block 46
(Fig. 3A). These steps will repcat until a sample is encountered which has an absolute
value of axial acceleration greater tiian 3 standard deviations {rom the mean,

15 indicating the begianing of a pulse.

In that case, tlocks 46, 50 ‘;md 62 will be .executed and the result of the test in
block 62 will be negative. ¢l and c2 will then be {ested 70 (Fig. 3B) to determine if
their sum is greater than or equal to 40 and if c2 is less thar 0.25 times ¢l. This tests
to see if the pulse was preceded by a period where the amplitude of axial acceleration

20 was less than 3 standard deviations for at least 40 samples and that the period where
{ the axial acceleration was between 2 and 3 standard deviations was greater than or

equal to one quarter of the period that it was less than 2 standard deviations. If either

of those 1ests fail, ¢1 and ¢2 are set lo zero 72, which assures that the following pulse

will not be rccorded.
25 1f both tests in block 70 pass, however, «3 is incremented 74 indicating that a

pulse is in progress. cJ s then tested 76 to determine if the pulse is too long by

comparing it to 20. Ifitis, cl, c2,¢3,c4 and ¢5 are set 78 o zero, which assures that

the following pulse will not be recorded. In either case, j is compared 58 to N and

incremented 60, as before.

11
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Assume the next sample of axial acceleration has an absolute value between 2
and 3 standard deviations from the mean. Blocks 46, 50, 62 and 64 are executed with
the test of block 64 having a positive outcome because ¢3 = 1. Block 66 will also
have a positive outcome. Consequently, c1, c2 and c3 are set 80 t{o zero, which

5 gssures that the single excursion of axial acceleration above 3 standard deviations will
not be recorded as a pulse. This series of steps assures that the pulse must be at least 3

samples long.
Replace the assumption of the previous paragraph with the assumption that the

ple of axial acceleration has an absolute value less than 2 standard deviations

Blocks 46, 50 and 52 are executed with the test of block 52 having a

next sam

10 from the mean.
pusitive outcome because ¢3 = 1. Block 54 will also have a positive outcome.

Conseguently, cl, c2 and c3 are set 87 to zero, which assures that the single cxcursion

of axial acceleration above 3 standard deviations will not be recorded as a pulse. This
series of steps assures that the pulse must be at least 3 samples long.

15 Replace the previous two assumptions with the assuraptions that at least 3
consecutive samples of axial acceleration were encountered having absolute values
greater than 3 standard deviations from the mean and that the next sample is between
7 and 3 standard deviations from the mean. In this case, blocks 46, 50, 62 and 64 will
be executed, and the outconie of the test of block 64 will be negative because ¢3 is

20 greater than 3. c41is incremented 84. c4 and ¢S will then be tested 86 1o determine if
their sum is greater than or equal to 40 and if ¢5 is less than 0.25 times c4. This tests
to see if the pulse was followed by a period where the amplitude of axial acceleration
was less than 3 standard deviations for at least 40 samples and that the pericd where
the axial acceleration was between 2 and 3 standard deviations was greater than or

25 equal to one quarter of the period that it was Jess than 2 standard deviations. If both

tests pass, §, ¢l, €2, €3, c4, ¢5 and the maximum amplitude are recorded in the table of

events 88.
Assume that the next sample is less than 2 standard deviations from the mean. In

this case, blocks 46, 50 and 52 will be executed. and the outcome of the test of

12
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block 52 will be negative because ¢3 is greater than 3. ¢5 is incremented 90. ¢4 and

c¢> will then be tested 90, as discussed above.

Once the entire interval of N filtered and decimated samples has been
examined the scan algorithm exits 91 (F1g. 3B), and the table of events is examined 92
(F1g. 2) to determine which event had the largest amplitude. The precise time

corresponding to filtered and decimated sample j -(cl +¢2 +c3 +c4 +¢3) is
transimitted 94 to the surface followed by 100 filtered, decimated axial acceleration
values beginning with this sample (these constitute % second of data). Assuming these
samples are transmitted to an accuracy of 8 bits, this corresponds to 800 bits of
information. which can be transmitted to the suriace, along with the precise time of
the start of the interval in less than 7 minutes (assuming a two bit per sccond

telemetry rate, which is reasonable {or mud pulse telemetry systems). If no qualifying

events were observed in the specified time interval, an error code would be

transmitted to the surface.

There are several other ways of carrying out the gencral objective of selecting
a pulse that is suitable for analysis as a seismic event. For cxample, the axial

acccleration can be convolved with a reference pulse, and the time of the maximum in

the convolved signal can be used {0 specity the center of a seismic event. [n addition,
the selection criteria could also be set adaptively. For example. suppose that no
qualitying events occur during several of the specified time intervals. The controller
could be programmed to allowing noisier samples to be selected in such an event

The foregoing describes preferred embodiments of the invention and is given
by way of example only. For example, if lateral vibrations are sensed. the pulse
selection criteria might include a requirement that the lateral vibration amplitude be
below a pre-set level before the pulse could be recorded. Further. if shear wave
selsmics are being implemented, the same Strategy could be followed using the output

of a downhole rotation sensor. The invention is not limited o any of the specitic

features described herein, but includes al] variations thereof within the scope of the

appended claims.
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What 1s claimed is:

14

CA 02332429 2000-11-15

R wWelsikeannl b "mhﬁm-l?um.a.“mw el =AY v Py N —dy bk vaaa dete seeem - . vadch et .
3 d AR i . FITTSITAIT RAA AU T OV NN oA AP ARG A Ml ¢ 0L M A ] MG il e SR AT (Y B E = B LI SN+ 1Y et f i e P Aa e 8]t e e ey gt e Ve A s M AL .. snsEtee o ah 4 4



lllll
0-.0‘_"1.---0p4....‘ ........

RO AR AN ORI e i
20600 0 . M nwwstew

.............................

..............

v LA K Y
....................................
QQQQQQQQ

....................

...............

v Z22- 6-

] 1. An apparatus for enhancement of drill bit seismics in a system comprising
2 adriil string inserted into a bore hole, a drill bit coupled to the end of the drill string in
3 the bore hole, and a surface sensor for sensing seismic signals generated by the dnl! siring
4 and drill bit, the apparatus comprising
5 an axial transducer (14) sensitive to axial acceleration of a drill bit, the axial
6 transducer configured to produce an axial transducer signal representative
7 of the axial acceleration of the drill bit
f. 8 an axial sampler (16) coupled tfo the axial transducer signal, the axial sampler
9 configured to take samples of the axial transducer signal to produce axial
10 samples;
11 a lateral transducer (12) sensitive to lateral acceleration of the drill bit, the lateral
12 transducer configured to produce a lateral transducer signal representalive
13 of the lateral acceleration of the drill bit;
14 a lateral sampler (16) coupled {o the lateral transducer signal, the lateral sampler
15 configured to take samples of the lateral transducer signal to produce
16 l;ueral samples; and
17 a selector (16, 18, 20, 22, 24) configured to select a group of axial samples, the -
18 group being selected such that the axial acceleration corresponding to the
19 group has a magnitude and a {requency content such that seismic energy
| 20 resulting from the axial acceleration is likely to be detecled by the surface
21 sensor and the axial acceleration corresponding to the group does not
22 cornrespond to a wall slap, and to transmit to the surface a subset of the
23 selected axial samples and a time related to the time that the selected axial
24 samples were sampled.
15
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2. The apparatus of claim 1 wherein the selector comprises

a clock (22, 24) configured to previde the time when the axial samples and the

lateral saimples were sampled; and

a signal proceszor (20) configured to process the axial samples to select the group

LN 2 W ) o

of axial samples.

] 3. The apparatus of claim 2 wherein the signal processor (20) 1s conligured to

2 select a group of uxial samples in which
3 the amount of time between the sampling of the {irst sample in the group and the
sampling of the last sample in the group is between a lower limit and an

upper limit, the frequency content of the group, in isolation fromn the ax al

4
5

o samples that are not purt of thie group, is such that the setsmic energy
7 associated with the group is likely to penetrale from the drill bit 10 the
8

surface sensor.

] 4. The apparatus of claim 2 wherein the signal processor (20) is configured Lo

(>

select a group of axial samples in which |
the amplitude of the axial samples collecled during predetermined time pcriods
immediately before and after the group was collected does not deviate a

predetermined multiple of the standard deviation of the magnitudes of the

samples in the group, the predetermined time periods and the

3
4
5
6 axial samples in the group from the mean of the magnitude of the axial
7
] predetermined multiple being selected to ensure that the group is
9

distinguishable, in amplitude, from the samples surrounding the group

10 when the axial acceleration corresponding to the group is detected by the

11 surlace sensor.
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1 5. The apparatus of claim 2 wherein the signai processor (20) is configured to

select a group of axial samples collected over an event time period in which
the magnitude of the lateral samples 1aken during the event thne period and for a

predetermined time before the event time period and a predetermined time

predetermined time period before, the predetermined time period afier, and

2

3

) ' th
5 afler the event time period does not exceed a predetermined amount, the
6 ¢ » [ ]

7 the predeterinined amount being choscn to eliminate the group Lf it

8

corresponds 1o a wall slap,

17
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1 6. The apparatus of claim 2 wherewn the éignal proccssor (20) is configured to

2 select a2 grouvp of axial samples collected over an event time period in which

3 the length of the event time period is beiween a lower limit and an upper limit, the

4 {requency content of the group, In isolalion from the axial samplcs that are

5 not part of the group, is such thai the seismic energy associated with the

6 group is likely to penetrate from the drill bit Lo the surface sensor;

: 7 the amplitude of the axial samnpies collected during predetermined time periods

8 imimediately before and after the event time period does not deviate &

9 predetermined number of standard deviations of the magnitude of the axial
10 sainples in the group {rom the mean of the magnitude of the axial samples
11 in the group, the predetermined time periods and the predetermined
12 multiple being selected o ensure thal the group is distinguishable, in
13 amplitude, from the sanple surrounding the group when the axial
14 | acceleration corresponding to the group is detected by the surface sensor;
15 and
16 the magnitude of the lateral samples taken during the event time period and {or a
17 predetermined time on either side of 1the event time period does not excecd
H a predetermined amount, the oredetermined time period before, the

| 19 predetermined time périod after, and the predelermined amount being
20 chosen fo eliminate the group if it corresponds to a wall slap.

l 7. The apparatus of claim 2 wherein

2 the signal processor (20) is confipured to compuie the mean and the standard

3 deviation of the magnitudes of the axial samples.
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1 8. The apparatus of claim 2 wherein
2 the signal processor (20) is configured to compute a moving average esiimate of
3 one or buth of the mean and the standard deviation of the magnifude of the
q axial samples.
1 9. The apparatus of claim 8 wherein
{_. 2 the signal processor (20) is configured (o compute the moving average estimate
3 using the following equation:
. ; ‘
i i~ y y
: at YIS (0
*2 1+7;1+,v T+ 7P
5 where
G y, is the ith standard deviation or mean to be averaged; and
7 <y.> is the ith averaged value;
8 <y.,>is the (i - 1)st averaged value; and
9 0<y.
:
19
(A EHBED SHEET
Pf‘iﬁ‘k&&?@ 02332 4’3’3’2 000-11-15

N A0 N RN A N | B Pl e 1o -



TV, VON:EPA MUENCHEN 08 ;29 G-

.....
‘‘‘‘‘‘‘‘‘‘‘‘‘

E.EE.' < o::: -és:s.' A :.OSEE;.- : .‘:E:.a_::: ..... : ::...::..:-j 111 i1 i 1t : . " .
22-6*2@ sl L v °.' G -: :'::::'?:f-3:-5:-'::';':5:3:3:3:1:1:‘:-‘:1:1:5:2:123:2:‘-::::3: 11::1{1 455 8018-
A e e e e e :Eg‘ :::. = "E: ::.: . :" : 3 » S E'::E‘ AN "t ) i ™MUY U vy

O
......................................... ‘l
v

...............
-
O
L
-

*a
e -
at ™.

i 10. A method for enhancement of drill bit seismics in a system comprising a
2 drill string inserted into a bore hole, a drill bit coupled to the end of the drill string in the

1 bore hole, and a surface sensor for scusing seismic signals genetaled by the drill string

4 and drill bit, the methed comprising:
5 sampling (32) a signal representative of axial acceleration of a drill bit at 4

predetermined rate for a predelermined time to produce axial samples,

6
( 7 sampling (32) a signal representative of lateral acceleration of a drill bitata
8 predetermined rate for a predetermined time to produce lateral samples;
9 selecting (42, 92) fromn the axial samples a group of axial sampies, e group
10 being selected such that the axial acceleration corresponding to the group
i1 has a magnitude and a frequency content such that seismic energy
12 resulting from the axial acceleration 1S likely (o be detected by the surface
13 * sensor and the axjal acceleration corresponding to the group does not
14 correspond to a wall slap;
15 telemetering (94) to the surface a time when the first sumple in the group was
16 sampled and a predetcrmined number of samples from the group.

11. The method of claim 10 further comprising

]
( 2 filtering (34) the axial samples prior 10 selecting, filtering comprising digitally
3 filtering the axial samples with a digital bandpass filter having a
4 predetermined pass band.
] 12. The method of claim 10 {urther comprising
2 decimating (36) the axial samples prior to scanning.

20
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l 13. The method of claim 10 further comprising

2 calculating (38) the mean of the axial samples;

3 calculating (38) the standard deviation of the axial samples; and wherein

4 selecting comprises selecting axial samples collected over an event time period

3 for which:

6 {hie length ot the event time period is between a lower limit and an upper limit,

( 7 the frequency content of the axial samples in the event time period, In

8 isolation fiom the axial samples taken outside the event time period, 1s

9 such that the seismic energy associated with the event time period is likely
10 to penetrate from the drill bit to the surface sensor;
11 the atnplitudes of the axial samples collected during predetenmined time
12 periods imimediately before and aRer the cvent time period do not deviate
15 a predetermined number of standard deviations of the magnitude of the
14 axial samples in the group from lhe mean of the magnitude of the axial
15 saraples in the group, the predetennined time periods and the
16 predetenmined multiple being selected to ensure that the group is
17 distinguishable in amplitude from the samples surrounding the group

. 18 when the axial acceleration corresponding (o the group is detected by the
{' 19 surface sensor; and
20 the magnitudes of the lateral samplcs taken during the event time period and
21 {or a predetermined time immediately before and afler the event time
22 period do not exceed a predetermined amount, the predetermiined time
23 period before, the predetermined time period after, and the predetermined
24 amount being chosen to eliminate the group if it corresponds 1o a wall
23 slap.
2]
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14. The method of claim 13 further comprising

calculating (40) the moving average of the standard deviation of the axial

'i

(WS T g8

samples.

15 The method of claim 14 wherein

the amplitudes of the axial samples collccled during the predetermincd time
periods immediately before and after the event time period do not exceed a

predclcrmmui muitiple of the moving average of the standard deviations

periods and the predetermined multiple being selected to ensure that the

group is distinguishable in amplitude {rom the samples surrounding the

]
2
3
4
5 of the magnitude of the axial samples 1n the group, the predetermincd timc
6
7
8 group when the axial acceleration corresponding to the group is detected
9

by the surface sensor.

16. The method of ¢laim 13 comprising

modifying the predetermined amounts, predetermined numbers, predetermined

lime periods, and predetermined mulliple, if selecting does not produce 2

I W

group.

17. The méthod of claim 10 wherein scanning comprises

convulving the axial samples with a reference pulse to produce & convolved

1
2
3 signal;

4 finding the peak in the convolved signal and & time corresponding to the peak;
5

6

7

aud
specifying a group by the time corresponding 10 the peak of the convolved

signal.

22

AMENDED SHEET

.......................................
..........
X ‘ ’ .'."'.“' o '.l.o.o‘ " . "e" .o'l.."':' ...........................

.............

'''''''
- -



TV. YON:EPFA AIUENCHEN U6 122 - 8- O 5 . ; _

T ~ (] -! - - ) V e . * - ) C ") e " 4 .
Rt LR W VT R R R BNoel v W ey, Y s 13 & (}'5' 98 VIi8— 49 89 <3904465: #0

3k K0 28 0 T SO 0 & ¥ oy o e e s e i

"*2'6" @ P s B AR Da s S PO BT F % %

RAVIV R I N EW

v
.

.
>
’
CEY
b .
......................
...................
-------------
- ‘--.'l

4 & * " §
Dl‘....".“ -

L) »~ .. "" v Pra - U O
‘.- “nwrasd * L »

’ -
-
LJ
QQQQQQQQQQQ
St

l 18. The method of claim 10 wherein selecting produces more than one group,

2 further comprising
3 selecting (92) the group in ' which the samples have the largest mean

4 iagnitude.
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