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SUMMARY

The Beenyup wastewater treatment plant is situated in
close proximity to residential properties approximately 20
km north of the central business district of Perth, Western
Australia. It is proposed that treated wastewater from the
plant will be injected into the sub-surface in preference to
releasing it to the ocean. In order for this to occur over a
long period of time a good understanding of the
connectivity of the sub-surface aguifers in the vicinity of
the injection site is required,

High resolution surface seismic together with vertical
seismic profiling data were collected at the site using a
high-power impact source. The resulting sub-surface
images comrelate well with geophysical well-logs and
clearly show the injection zone and confining seals.
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INTRODUCTION

The Perth basin area of Western Australia has large reserves of
groundwater that have been used for many years to
supplement the water obtained from reservoirs. Like much of
the Australian continent, Perth’s water resources arc under
increasing stress from an increasing population coupled with
decreasing rainfall. Extraction of groundwater for domestic
and commercial use has occurred for many years to
supplement the water collected in dams.' For the last thirty
years or so, groundwater has provided about 40% of Perth’s
water supply. The Superficial aquifer appears to be in a
equilibrium state but the Leederville aquifer is in a depleted
state as the rate of recharge is generally less than the
extraction rate (Davidson, 1995). The effects of depleted
groundwater on the natural environment may be severe and
still need to be quantified. A potential for mitigating such
potential stresses can be found in recycling highly treated
wastewater. Modem wastewater treatment plants are able to
produce large quantities of potable quality water (Li et al,
2006) that can be added to the water supply system. The
technology required to produce large volumes of potable water
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is available bul the problem has now become one of storage.
What do we do with all this water when the demand
decreases? Injecting the treated water back into the
groundwater aquifers is a sensible and cost effective storage
option that will help recharge the depieted aquifer during
periods of lower water use in readiness for extraction when the
demand increases. However, before embarking on such an
option, containment of the injected water must be assured —
especially in relation to possible ‘escape’ paths back to the
surface,

The Centre for High Definition Geophysics (CHDG) at Curtin
University in collaboration with the Western Australian Water
Corporation has begun a geophysical study of the Beenyup
site to help assess its suitability as a re-injection site, with
particular emphasis on the continuity of the aquifer seals
above the injection zone. It was decided that high resolution
seismie survey is most likely to provide sufficient resolution to
map changes in the layering at the depths of interest.

A simplified model of the main geological units based on drill
samples taken at the Beenyup site is shown in Figure 1. The
main injection zone is expected to be within the permeable
sands/sandstones of the Wanneroo member of the Leederville
formation between about 120 m and 220 m depth. The Pinjar
member above the injection zone is expected to confine the
injected water within the Wanneroo sandstone and prevent
upward leakage.
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0 - 20 m Unconselidated sands

20 — 50 m Limestone

50 — 100 m Mirrabooka sandstone

100 — 117 m Pinjar member

117 - 173 m Wanneroo member

173 — 188 m Intraformational
siltstone and shale

Figure 1. Simplified geological model of the Beenyup
injection site based on drill samples. The injection zone is
expected to be between 120 m and 220 m depth.

2-D SEISMIC SURVEY

The injection site at Beenyup is located in close proximity to
Perth’s main north-south freeway and railway line. Transient
neise created by the traffic was expected to be problematic for
the seismic instruments so the site was initially surveyed as a
2-D line to assist the planning of a 3-D survey later in 2007.
The main objective of the 2-D survey was to verify that the
various layers of interest could be resolved before carrying out
a large 3-D survey. A west-to-east transect of approximately
400 m in length was surveyed using a high powered impact
source that was stacked ten times at each shot location. The
castern end of the fixed-spread line was about 50 m from the
freeway and railway line. Small receiver and shot intervals (2
m) were used to increase the common depth point (CDP) fold
and signal to noise ratio. Data were recorded with a sample
interval of 0.25 ms using CHDG's seistronics system.

The seismic data were processed at Curtin University using
ProMAX software. Figure 2 shows a portion of the seismic
section produced after residual statics were applied. The
section displays a number of significant reflections. The
superficial layer has a thickness of about 20 m below which is
a region of inhomogeneous limestone showing a reflective
boundary at about 35 m. The base of the limestone is known
to be at about 53 m at the bore and can be seen in the section
as a weak and disjointed reflector. There is a strong reflector
at about 65 m depth and another weak reflector at about 75 m
that corresponds with a large increase in the gamma count
rate. However, the purpose of this survey was to resolve the
Pinjar and Wanneroo members. Reflections near 100 m and
120 m correspond well with the top and base of the Pinjar
member and a reflection at 180m corresponds with the top of
the “intraformational” silistone. There is a very weak
response at about 200 m that corresponds with the base of the
“intraformational” siltstone and shale. These reflections also
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correlate with an increased gamma count indicating that the
layers are well resolved and the 3-D survey is likely to be
successful.
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Figure 2. Portion of the 2-D seismic test section showing
the reflectors of interest. The seismic correlates well with
the gamma log.

VERTICAL SEISMIC PROFILE

The Beenyup site has been equipped with a geophone string
that is cemented into a bore located approximately 40 m from
the proposed injection bore. The cemented geophone string
will be used to monitor the changes in seismic velocity in the
region of the injection zone to monitor any changes causes by
the injection process. The sixteen geophones ure located
between 74 m and 284 m below the surface and spaced at 10
m intervals within the injection zone. A zero-offset vertical
seismic profile (ZVSP) test was performed to test the string
and establish a baseline for future comparisons.

Figure 3 shows the ZVSP stack obtained for the reflected
waves. There are clear reflections at about 100 m and 120 m
again indicating the top and bottom of the Pinjar member and
clear reflections at about 180 m and 190 m corresponding with
the intraformation siltstone and shale. Again, there is a very
weak response near 200 m that is probably an indication of the
base of the intraformational sandstone and shale. Further
processing attempts will be made to improve the resolution
below 200 m depth.
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Figure 3. Zero offset VSP stack showing the Pinjar and
Intraformational siltstone and shale .
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CONCLUSIONS

High resolution seismic survey of the Beenyup injection site
has been shown to successfully resolve key hydrostratigraphic
layers for the Beenyup Trial pdrified waste water injection
project. The top and base of the Pinjar member (mostly
clay/shale) above the injection zone are well resolved in both
the 2-D and VSP data. This leads to expectation that the main
3-D survey will provide a detailed representation of the
important hydrostratigraphic units at Beenyup.
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