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SUMMARY 

In November 1964, the Bureau of Mineral  Resources Seismic Party
No. 1 carried out a velocity survey inCBMR 12 (Cockroa0P;Well, Northern
Territory, which had been drilled to 4000 feet and logged using sonic
and other logging methods. The time/depth values obtained in the velocity
survey were in good agreement with those obtained by integration of the
sonic log. A curve showing the variation with time-of'the coefficient of
reflection calculated from the sonic log showed an outstanding feature,
which appeared to correlate with the best reflection recorded on an
experimental seismic traverse nearby. According to the geological inter-
pretation of the well log, this reflection arises from velocity changes
near the boundary of the ArrinthrungaTormation and the Marqua Beds at a
depth of 2,721 feet.
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1. INTRODUCTION

Since 1956, the Bureau of Mineral Resources (BMR) has carried out
reconnaissance geological and geophysical investigations of the Georgina
Basin in Queensland and the Northern Territory. These investigations included
a programme of stratigraphic drilling by the Geological Branch and seismic
surveys by the Geophysical Branch in 1963 and 1964.

As part of this programme, BMR 12 (Cockroach) Well was drilled to
4000 feet near Cockroach Waterhole in the south-west of the Georgina Basin,
Northern Territory, in 1964 (Plate 1).

The following velocity measurements were made in this well:

(1) A sonic log was carried out by Schlumberger Seaco Inc. and was
made in two runs: the first run from 69 to ko feet on 13th
September 1964 and the second from 700 to 3993 feet on 19th
November 1 964.

(2) A well velocity survey, to calibrate the results from the sonic
log, was carried out in November 1964 by the BMR Seismic Party
No. 1, which was in the area to make a brief experimental seismic
survey (Chenon, 1966).

This report describes the well velocity survey and discusses the
results of the sonic logs and the velocity survey in relation to each other.

2. SURFACE VELOCITIES

Measurements made during the well velocity survey yielded estimates
of the surface velocities. The accuracy of the observed times cannot be
better than 1 millisecond. Therefore, high accuracy for the computed veloci-
ties cannot be expected. Nevertheless, because of the number of records
obtained, the statistical accuracy is satisfactory.

Vertical velocities (Plate 2)

The mean value for the vertical velocity of the first fast layer is
about 11,000 ft/s. Since all the holes were shot below the first low velocity
layer, it is difficult to obtain a precise estimate of its vertical velocity.
However, the values obtained indicate that the velocity is less than 3000 ft/s.

Horizontal velocities 

An idea of the horizontal velocity in the first fast layer may
be obtained from the first breaks recorded from the geophones located near
the well (Plate 3). The observed values from the different records are in
agreement and no horizontal anisotropy is observed. Slight differences between
the observed values of first-break times result from 'variations in the weathered-
zone thickness, which may be computed from first-break and uphole times.

For times of about 10 to 20 milliseconds, the accuracy cannot be
better than 10% because of the error of about 1 millisecond in reading the
times. The value for the harizontal velocity of the'first fast layer is
about 15,000 ft/s. It is similar to that found during the seismic survey in
this area.

The approximate thicknesses of the weathered layer at the various
shot-points near BMR 12 were computed as :
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Shot-points 1 and 2 : 20 feet
Shot-point 3^: 21 feet
Shot-point 4^: 20 feet

3. WELL VELOCITY SURVEY

The main purpose of the well velocity survey was to supply time
values for calibration in absolute time of all the relative times computed
from the sonic log. The field operation was very simple and took only a few
hours.

Shothole details 

The layout of shot-holes is shown in Plate 3. One hole to a depth
of 150 feet and three holes to depths of 30 feet were sufficient.

It was necessary to have an uphole time measured from 150 feet in
order to know the vertical travel-time near the surface, over an interval in
which the sonic log was incomplete. Knowing the direct travel-time from
150 feet to the surface it was possible to tie the time/depth values derived
from integration of the sonic log to the surface.

A shot depth of 30 feet was chosen so that all shots would be
below the weathered zone.

The shot-points were placed close to the well head to avoid the
need for move-out corrections. In this case the move-out corrections were
less than 0.5%, the distance from the well head being 50 or 100 feet.

In order to detect any travel-time variation resulting frow
different paths through the near-surface layers, one shot-hole (shot-point
4)was drilled 100 feet from the well head symmetrically opposite the
main group of shot-holes (Plate 3).

Charge

The first charge used was 21b. This proved to be insufficient
and the charge had to be increased to 20 lb, which is unusually heavy for
this type of measUrement. The well was very 'noisy'; the Schlumberger
pulley was placed very high on the rig because of the length of the sonic
log/gamma ray instrument. The wind in the cable increased the noise.

Geophone layout 

In addition to the well geophone, six field geophones were used on
the surface as indicated on the layout diagram (Plate 3). Their object was to
detect the existence of any horizontal anisotropy and to provide values for
the surface velocity computations. The uphole geophone was placed at the
shot-hole used.

Results from the geophone placed at the well are erroneous because
the area was covered by dry mud.

Recording

Eight parameters were recorded on thirteen traces. In particular,
the well geophone response was recorded with three different gains. The time
break was also recorded on three traces, two of them on the top of the record
and one at the bottom, in order to check the error of the time lines. This
ern:6r is negltible - less than 1 millisecond.

Shooting

The well velocity survey was carried out between 7 a.m. and 1 p.m.
The first shot was at 9.35 a.m. Eleven shots were recorded for six measurements.
Ten of them are usable, of which one is questionable, and one is not usable.

to,
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Surface corrections 

All the well geophone times were corrected to the surface
elevation of 721 feet. The weathered zone was theoretically replaced by a
layer with a velocity of 11,000 ft/s (see Plate 2). This was done by correct-
ing each uphole time to the velocity curve (Plate 2) and'by subtracting 5
milliseconds from the values obtained to bring the velocity curve back to the
origin. The charge length was neglected.

The depths given by the Schlumberger operator are considered to
be accurate. The depth correction used results from the elevation of the
rotary table above ground surface (8 feet).

Computation 

The computations were done in a conventional way and are shown
in Plate 3. No move-out correction was made. The corrected times are plotted
in Plate 4.

4. SONIC LOG 

Evaluation of the accurac of the measurements

Before using the results of the sonic log (Plate 6), a careful study
of the calibration of the instrument was made with the following results

Run 1. Here, the errors seem very small for the values yielded by
the integrator and for the velocity values. All depth values were corrected
to the surface elevation. It is unfortunate that the calibration was done
for a level of 100 microseconds when most of the values are about 50 micro-
seconds. The manual integration of the function 1/V yields less than a 2%
error with respect to the mechanical integration.

Run 2. Here, the calibration for the velocities seems correct,
but a 4% error appears on the time values given by the integration for a time
of 50 microseconds. The calibration for 100 microseconds yields an error of
less than 1%. It was, therefore, necessary to correct the time values yielded
by the integration by -4 most of these values being in the 50-microsecond
band. The manual integration of the function 1/V yields an error of 3% with
respect to the integrator. Since this second check was less precise than the
first one, an adjustment of 4% was used for the computation.

The comparison between the two runs showed two other errors:

(1) The lag on the depth value is about 3 feet:r This error is negligible.
(2) The lag on the velocity value, when the curves are matched, is

considerable, i.e. about 5 microseconds/foot. This difference
introduced an error in the integrated value. Thus it is necessary
to use the corrected integrator values to compute the velocity,
not the values read on the curve 1/V.

Computations from the sonic Loa

The computations were made according to standard practice. The
corrections mentioned above were used. A time/depth curve and a velocity/depth
curve were plotted (Plate 4) and the reflection coefficient was plotted
against time (Plate 5)0
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The time/depth curve is calibrated with the values obtained from
the well velocity survey. 'The agreement between these is reasonable. The
differences between the values from the sonic log and from the conventional
velocity survey are always less than 2 milliseconds, less than the error in
measurements. Only the 1000-ft value is very doubtful, but here the record
quality is poor and the reading of the time is questionable.

The coefficient of reflection R was computed from the formula:

R = (V2-V 1 )/(V2+V1 )

It was plotted at the same scale as the seismic records in two-way
time for two different sampling times. A sampling interval of 5 milliseconds
one-way time yielded a curve effectively filtered with a low-pass filter of
100 c/s. A sampling interval of 10 milliseconds one-way time Yielded a curve
effectively filtered with a low-pass filter of 50 c/s.

After ignoring the first 200 milliseconds, where any reflected
events on the field seismic records are overshadowed by refracted arrivals
and hole noise, the following events are observed on the coefficient of
reflection plots (Plate 5):

1. A strong, good reflection at 0.35 second. It has a wide frequency
spectrum since it can be observed as well with the 50-c/s filter
as with the 100-c/s filter. The power of resolution of the 100-c/s
filter is much greater. The corresponding velocity contrast can
be seen on the sonic log starting at 2720 feet. According to the
geological interpretation of the well log, this event comes from^•
the top of the Marqua Beds. It is interesting to note the difference
in character of the velocity variations above and below the inter-
face. between the Arrinthrunga Formation and the Marqua Beds. The,
event can be recognised on the reflection seismogram shot near the
well (Plate 5)0

2. A series of oscillations between 200 and 270 milliseconds observed
with the 100-c/s filter becomes only one oscillation with the
50-c/s filter (10-millisecond sampling interval).

5. CONCLUSION

The velocity study in BMR 12 is complete. It comprises a con-
ventional well velocity survey and a sonic log. The agreement between the
results is satisfactory' considering the errors found (and subsequently
corrected) in the sonic log. The computation of the reflection coefficient
leads to the prediction of a good reflection at 2700 feet, which should be
found on field seismograms near BMR 12.
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