Introduction
Reflection seismic has been used for the mapping of a coal deposit and associated
structural setting, in the Kumba mine region, South Africa. A multi-line 2D seismic
survey was carried out in the region during November and December 2006. An area
of approximately 4500m x 5000m was covered by the survey using roll-along
geophone arrays and a multi-impact VIBSIST-1000 seismic source.
The purpose of the work has been to acquire and process 2D seismic data, which
would allow the mapping of the coal seam, believed to be at a depth of 200m-500m,
the evaluation of the thickness of the coal seam, and the identification of normal faults
with a vertical displacement larger than 5m-10m. The geological interpretation of the
data has not been a part of the work commissioned.
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Table 1 – Measurement parameters

Initially, layouts comprising sources and receivers spaced at 20 m x 20 m and 10 m x
10 m were tentatively considered, with the detailed surveys to be carried out over
selected areas where normal structures would have been mapped. A pilot test with the
multi-impact VIBSIST-1000 source, completed prior to the main survey, was
considered vital, as it was not known how much energy the unconsolidated upper
layer would absorb. If the upper layer transparency were low, a heavier VIBSIST1000 carrier would have been needed. This would also necessarily have generated
lower frequencies. Fortunately, the equipment chosen proved itself adequate both in
terms of energy and frequency delivered and no change or alterations were needed.
After completing the first two lines, it has been agreed in consultation with the Client
to carry out all remaining lines with geophones at 10 m intervals. This was considered
to be the optimum configuration to achieve in an economic way the objectives of the
survey, the principal one being to detect near vertical structures and estimated the
vertical movement.
The measurement setup is illustrated schematically in Figure 1. The trigger signal was
sent to the acquisition point via radio. The acquisition system digitized the signals
near the geophones and sent the digitized signals via a serial 2-wire bus to the USB
port of a portable PC.

Figure 1 – The general setup for a roll-along survey

Data recording
The acquisition system was SUMMIT II Plus with technical specifications listed in
Table 2 and the geophones were OYO Geospace - 28 Hz.
To detect fault displacements 10 m or less, high frequency (200Hz - 250Hz for an
assumed P-wave velocity of 2000 m/s) seismic signals should be used. As shown in
Figure 10 and Figure 11, this requirement has generally been met. The sampling
interval used was equal to ½ ms, i.e. 2000 samples/second (4-5 fold the Nyquist
frequency).

Table 2 – SUMMIT II Plus technical specifications
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The seismic source
An engineered seismic source, the VIBSIST-1000 (Figure 2), was used for the multi2D surveys. The VIBSIST-1000 is a multi-impact time-distributed seismic source
based on the Swept Impact Seismic Technique (SIST). (Park et al., 1996; Cosma and
Enescu, 2001). The VIBSIST-1000 source uses a tractor/excavator-mounted hydraulic
rock-breaker, powered through a computer controlled flow regulator and can be
configured to produce different rates of energy per blow. Using standard construction
equipment ensures that the VIBSIST sources are safe, non-destructive and
environmentally friendly. This also makes the method reliable and cost effective.
The higher the energy per blow, normally the lower the frequencies of investigation
and hence the less discrimination power for shallow targets of this nature. The smaller
the carrier vehicle and hammer used by the VIBSIST-1000, the higher the transmitted
frequencies. The time-distributed nature of the VIBSIST-1000 source means that
significant amounts of energy can be transmitted with a high frequency content, e.g.
relatively to drop-weights. Compared to vibrators, the VIBSIST is insensitive to poor
ground, if an appropriate carrier is chosen.
The surveys at Kumba were performed with a breaker model Caterpillar, mounted on
a 15-ton backhoe and delivering 600-1000 J/impact at 500-1000 impacts/minute. The
operating pressure has been 80-100 bars. The computer-controlled flow regulator,
command equipment and software were built by Vibrometric. The hydraulic control
produced a sweep of about 160 impacts in a period of 30 s. Two sweeps were used for
each record. A pilot signal was recorded from a geophone placed on the impact plate.
The source coupling was generally similar from one-shot point to another being
however occasionally mildly influenced by local variations of the ground conditions.
With this approach, interpretable good quality seismic data were acquired at each shot
location.

Figure 2 – The VIBSIST 1000 mechanical source
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Figure 3 – The acquisition equipment. On the left, the SUMMIT II Plus equipment: Receiver
Units, serial data cable and batteries. On the right: the OYO geophones.

Figure 4 – The VIBSIST 1000 mechanical source (further) & the SUMMIT II Plus Receiver Unit
with the yellow serial data communication cable (closer)
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Recorded data
An example of raw data record is presented in Figure 5. The right most trace (no. 73)
is the pilot trace i.e. the signal recorded from the trigger. The record length was equal
to 61439.5 ms which includes a pre-trigger of 512 samples = 256 ms with a 0.5 ms
sample interval. Two consecutive sweeps of 30 s each were recorded.
After decoding (applying the shift-and-stack) based on the pilot trace signal, the
profiles look like in Figure 6 and Figure 7 with the transfer function of the latter
shown in Figure 8. The sweep time interval limits from Figure 8 are 70-165 ms.
One can notice the three types of waves in Figure 6 and Figure 7:
1. P-wave first arrivals,
2. Surface arrivals;
3. Air (Sound) waves.
The second and especially the third are noise components and their relatively low
amplitude is considered as a mark of good data quality.
Figure 9 displays the same shot gather as Figure 7, with reduced velocity v=3400m/s.
In other words, a wave traveling with a velocity of 3400m/s would appear as a vertical
event. The conclusion is that the velocity under the near surface layer can be
considered constant in a first approximation, which will lead to an easy time depth
conversion when migrating the stacked profiles as will be explained further.

Figure 5 – Example of raw data record
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Figure 6 – Field decoded shot gather – 50 active spread

Figure 7 – Field decoded shot gather – 72 active spread
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Figure 8 – The transfer function of the pilot trace.

Figure 9 – Field decoded shot gather – 3400 m/s reduced velocity plot
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Figure 10 – Spectra of the record from Figure 7 - 72 signals

Figure 11 – Spectra detail of the above (Figure 10) – 14 signals
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The moveout-corrected stacked and migrated data

Figure 12 – Line 1 stacked

Figure 13 – Line 1 migrated. The rectangle on the right is detailed in Figure 14.
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Figure 14 – Line 1 - Detail of the migration
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Figure 15 10 lines stacked - 3D view

Figure 16 10 lines stacked - 3D view
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Figure 17 10 lines migrated - 3D view
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Figure 18 10 lines migrated - 3D view
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Comments
The objectives of the work have been the mapping of the depth and thickness of the
coal seam and the identification of normal faults with a vertical displacement larger
than 5m -10m.
Although the geological interpretation of the data has not been a part of the work
commissioned and therefore no geological pronouncement shall be made here, the
mapping of the coal can be considered successful, in as much as a marked quasicontinuous horizon has been mapped at the precisely the depth where the coal was
expected to be.
It is more difficult to make a definitive statement regarding the thickness of the coal
bed, because we are not in a position to decide whether the band of reflectors most
probably associated with the coal truly represent clear and well defined boundaries, or
internal structures or intermediate units. What can be said is that where the coal bed
disappears the disappearance is duly noted.
The change from 10 m bin size to 5 m bin size after measuring Line 1 and Line 2,
could marginally have affected the horizontal resolution of the image, although there
is no proof supporting this hypothesis. The only possible indication could be that the
level of folding and shifting of the targets is more pronounced along the lines 3-7
striking NNW-SSE than along lines 1-2. To be noted however that the ENE-WSW
direction of lines 1-2 coincides with the strike of the Daarby fault, known to cross the
investigated area. The 20 m source spacing was in any case adequate to meet the
objectives stated above and a 10 m receiver spacing is recommended for possible
similar surveys.
The vertical resolution target was also successfully met, firstly as frequency content,
see Figure 10 and Figure 11, and secondly to the end of the processing scheme, in the
migrated stacked profiles. Figure 14 presents a detail of Figure 13 where a depth scale
of 10 m has been added. It can be concluded that a depth resolution better than 10 m
can be achieved.
A possible observation is that the line interval may have been too large and therefore
the transverse resolution low, compared with the high level of detail visible within the
line profiles. A sparse 3D survey configuration could be considered instead of the 2D
lines. A study may be desirable to determine what could be obtained by a 3D seismic
survey designed within comparable cost frames.

