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SUMMARY

A seismic velocity survey of the APM Development Pty Limited
No. 1 bore at Rosedale, Victoria, was made by the Geophysical Branch of
the Bureau on the 3rd May 1960 using a TIC three-component well geophone.
Measurements were taken with the geophone suspended in the well at
selected intervals down to 5500 ft.

It was apparent that signals reached the geophone by
transmission along the cable by which it was suspended, and these
interfered with the signals reaching the geophone along a path directly
through the ground. This made interpretation difficult; however, by
careful inspection of both the vertical and horizontal components of the
signals received by the geophone at each depth, an interpretation has
been made that yields a series of velocity/depth determinations.

The average vertical velocity increases from 5000 ft/sec at
the surface to 8930 ft/sec at a depth of 5500 ft.

The average velocity in the Tertiary (0-2159 ft below datum)
was computed to be 6420 ft/sec; the -werage velocity in the Mesozoic
rocks penetrated (2159-5314 ft below datum) was 12,180 ft/sec.

Two reflection spreads laid out and recorded in the vicinity of
the bore showed the presence of reflectors at depths estimated to be in
excess of 7700ft.



1 . INTRODUCTION

  

The APM Development Pty Limited No. 1 bore at Rosedale,
Victoria, was at a depth of 5500 ft on 3rd May 1960. Woodside
(Lakes Entrance) Oil Company N,L. 1 which was about to put a seismic
party in the field in East Gippsland, was at this stage given the use of the
bore to make as velocity survey that would provide their field party
with seismic velocity data. A Lane-Wells five-conductor logging cable
was provided and operated by Oil Drilling and Exploration Limited, Under
arrangements made by Woodside (Lakes Entrance) Oil Company, while the
Bureau of Mineral Resources supplied shot-hole drills, explosives,
amplifiers, a well geophone, and.the geophysical staff to operate them.

The object of the survey waS to measure the average vertical
seismic velocities to depths down to the bottom of the bore, and to
examine interval velocities over selected depth intervals.

The Bureau staff attending the survey were S.J. Watson,
C.S. Robertson, K.B. Lodwick, K.F. Fowler, J. Grace,and J. -Halls.

2. METHOD

A TIC three-component geophone, comprising two horizontal
detectors and one vertical detectoro was attached to the end of a
Lane-Wells five-conductor cable. The outside conducting sheath of the
cable was used as a return conductor for one of the horizontal components.
The conductors at the other end of the cable were connected to a set of
TIC 521 portable seismic amplifiers with a TIC camera so that:

(a)the signal from one horizontal component was recorded on
traces 1 1 2 7 and 3.

(b)the signal from the Aher horizontal component (with the outer
conducting sheath in its circuit) was recorded on traces 5,6i
and 7.

(c) the signal from the vertical component was recorded on traces
9, 10, and 11.

The geophone was lowered to specified depths in the bore.
Recordings were taken of the seismic signal reaching the geophone from
charges of Geophex exploded in shot-holes 550 ft away from the bore, the
shot instant being recorded on trace No. 24. Recordings were taken when
the geophone was at 2345 ft below the kelly bushing, as this represents
the surface between the Tertiary and Mosozoic sediments, and at 3030 ft,
where the bore log had shown a lithologioal change. As there appeared to
be no other geological or geophysical boundaries of interest, recordings
were taken at other suitably spaced intervals, namely 1000 1 2000, 3500,
4000, 4500, 5000, and 5500 ft.

The well known method of computation used for deriving the
velocity/depth srelationship from the time of arrival of the geophone
signal is summarized in Plate 2. The measurement of depth recorded by
the cable operator gives the distance (Ek D) between the rotary table
kelly bushing and the geophone. As the elevation of the rotary table
above sea level is known, the depth D of the geophone below sea level
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(datum) is known. Further, the elevation(Es - ds) of the shot above
datum can be calculated, and therefore the vertical distance between
geophone and shot is known (D + Es - ds), The horizontal distance (X)
between shot and geophone is known from direct measurement, so the angle

(7■, between the vertical and the direct path between the shot and the
geophone can be calculated.

The measured time t over the direct path is converted to an
equivalent time over the verticalcal path (D + Es - ds) by the relation

t (vertical) = to cos

This is reduced to a quantity tc representing the time taken to travel
the vertical path D, by subtracting the small time required to travel
the distance (Es - ds) between shot and datum at the sub-weathering
velocity Ve. The average velocity is then

Va = D/tc

Defining the depth interval AD as the difference between
successive values of D, and the time interval Ate as the difference
between the associated successive values of tc, then the interval velocity
for this depth interval is given by

Vi = (LD)/(

The manner in which the average and interval velocities vary with
the depth is shown in Plate 3.

There are two possible ray paths by which the first seismic wave
may reach the geophone. They are illustrated on Plate 2 as t o ,
corresponding to the direct path through the formation and as to c b ,
corresponding to the refracted path along the cable. The criticai angle
is constant, and the time at which the signal down the cable reaches the
geophone depends therefore on the length of the cable below the point 13 1
traversed at the cable velocity Vcab which may be much higher than that
of the surrounding rocks. The cable break may be. the first energy
arrival recorded and may be picked in error as, or otherwise confused with,
a true formation break. Such confusion did occur on the present survey.

Owing to difficulties encountered during the operation, shots
were fired at only one distance from the bore, and this increased the
difficulty of deciding which seismic arrival on the records represented
the formation break as distinct from the cable break. The approximate
positions where one would expect a cable break have been marked on the
seismograms of Plates 4, 5 1 and 6 so as to facilitate identification of
the true formation breaks.

Where the energy onset on the record coincides, or nearly
coincides, with the expected position of a cable break oit has been
considered not to be a true break and the formation break has been
looked for as a later event.
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3, RESULTS

The seismograms showing the energy recorded by the well
geophone at specified depths in the bore are shown in Plates 4, 5 1 and.6.
It is evident that the signals'from horizontal components of the geophone
(Traces 1 1 2 1 3, and 5, 6, 7) are often very much disturbed by irregular
noise of unknown origin and by induced noise with a frequency. of 50 c/s
presumably associated with the power supply to the nearby town of
Rosedale. The signal from the vertical component (Traces 9 1 10 1 11)
does' not show a sharp onset, and therefore the picking.of.the time of
arrival of energy at the geophone presents some difficulty.

The following considerations were applied in picking the energy
arrival times:

At (E l, + D) = 1000 ft there is no energy arrival near the expected
cablebreak, but on traces 1,2 15,6, there is a definite sudden onset
at 0.204 sec. There is no sharp onset shown on the vertical component
traces. The time 0.204 derived from the horizontal component is
therefore taken to be the true arrival time.

At (E
k 

+ D) = 2000 ft, there is energy that is not cable break energy,
arriving on traces 1 12 13. The traces showing the vertical component
energy give a different time of arrival, and there is thus some
confusion. The time of 0.325 registered on traces 1,2 13 has been
accepted, but its reliability must be regarded as very poor.

At (Ek + D) = 1345 ft the energy onset on traces 9,10 1 11 appears too
close to the expected cable break time, and is not considered. The
horizontal component on traces 1,2,3 shows an appreciable onset. at
0.362 sec. There is no corresponding energy arrival on the vertical
component traces, and the value 0.362 although used, must be considered
as of poor reliability.

At (E ir + D) = 3030 ft, the cable break position as computed falls on
the ftrst arrivals on traces 9,10,11; the energy onset from the vertical
coMponent is thus suspect. On traces 4,5,6, there is evidence that a
new energy onset begins at 0,426 sec; as a new arrival seems to be
beginning in the vertical component at this time, it has been accepted
as an arrival time.

At d = 3500 ft, the first energy arrival in the vertical component
coincides with the time of the estimated cable break. The horizontal
component on trace 1 shows a sharp movement at 0.461 sec. This time
coincides with a sharp upward movement of the vertical component and
has been accepted as the correct time, but it is of poor reliability.

At d = 4000 ft, the first energy arrival in the vortical component
coincides with the estimated cable break. The next sharp energy
arrival appears on traces 1 22 13, near 0.502 sec, which seems to
correspond to a sharp upward movement of the vertical component at
0.499 sec. In this case the movement of the vertical component has
been accepted.



At d = 4500 ft, the first energy arrival on the vertical component
traces coincides with the expected position of the cable break, and
is rejected. A , sharp downward break in the horizontal component
registered on traces 1,2,3, at 0.545 sec coincides with an energy
arrival on trace 9. This time has been accepted, but it is of poor
reliability.

At d = 5000 ft, the energy onset in the vertical component occurs at
0.584 sec, which is so much later than the expected cable break that
it is regarded as a true formation break. There is no corresponding
arrival on traces 1 - 2,3, while trace 5,6,7 record only 50-c/s
interference.

At d. = 5500 ft, the first upward movement of the vertical component
traces begins at 0..620 sec.. There is no corresponding- energy onset
recorded in the horizontal components. -

The above values of energy arrival times have been introduced
Into the tabtlatien of Plate 2, and, the computation has been carried
through to yield the times over vertical travel paths between datum
(sea level) and the geOphone.

The Velocity/depth relation as computed on Plate 2 has been
drawn in the form of a graph in Plate 3. The data point to a relatively
low velocity.of 6420 ft/sec in the Tertiary sequence and a much higher
average velocity of 12,180 ft/sec in the Mesozoic 'sequence between the
base of the Tertiary and the limit of penetration of the geophone
(5314 ft below datum).

4. CONCLUSIONS

The results obtained were dependent upon an interpretation that
involved distinguishing the geophone energy arriving through the ground
from that arriving down the cable from which the geophone was suspended;
furthermore, the interpretation involved recegnizing energy onsets of very
small. amplitude. Some of the 'picks' were very dotbtful.^Nevertheless
the, velocities derived are compatible with values obtained from a
t:4St Analysis of seismic records from the Latrobe Valley, about
20 miles west of Rosedale, by Lodwick and Moss (1958).

The results are regarded as acceptable, but should be reviewed
if further well surveys or seismic reflection surveys are made in the area.
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A conventional reflection spread of geophones was laid out in
a westerly direction from Shot-point SP2 located 550 ft west of the bore.
A copy of the record obtained is presented in Plate 7 (a). Recording
conditions were not good, owing t rain and strong wind. The record shows
several poor alignments ) one of which (0.733 sec) could be from a reflector
just within the top of the Jurassic. There is a further alignment at
1.270 eec corresponding to an estimated depth of 6000 ft. It is impossible
to, assign this to any lithological change, because the bit did not
penetrate to this depth, but it provides evidence that the sedimentary
column continues below the bottom of the bore.

Another seismic spread was placed along the Dennison Road
at SP1 a mile north of the bore (Plate 1). Despite adverse weather, two
fair-quality reflection records were obtained; they are shown in Plate 7(b)
and (c). There are several shallow reflections providing evidence of
reflecting surfaces within the column of Tertiary sediments. Below the
Tertiary alignments there are reflections at 1.467 sec, 1.579 sec, and
1.733 sec. Accurate velocity data are not available in these strata as
they are at depths well below the point reached by the drill bit, but
assuming velocities of 6420 ft/sec in the Tertiary and 12,180 ft/sec in
pre-Tertiary the reflectors have been assigned depths of roughly 7000 ft,
7700 ft, and 8600 ft. Below this there may be other alignments, although
they have not been considered owing to the presence of interfering signals
of about 30 to 35 c/s.

In cenclusion the reflection records indicate that:

(a)Reflections are readily obtained in the Rosedale area with
charges as low as 5 lb and shot depths less than 100 ft.

(b)Several good reflections are returned from beds within the
Tertiary.

•
(c) The Sedimentary column is thicker than 8600 ft in the

Rosedale area.
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