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SUMMARY: At Hat Head, NSW, on the eastern Australian coast, a radioisotope tracer study of groundwater
flow in response to tidal forcing was conducted adjacent to a tidal creek. Using radiotracer, 82Br, groundwater
movement was tracked in-situ over 5 days on two occasions encompassing both neap and spring tide conditions.
The tracer was injected into one borehole and gamma counts monitored from an adjacent borehole using Nal(Th)
detectors. This technique maps the path of the slow moving tracer without sampling and allows the net
groundwater movement to be distinguished from short term ridally driven fluxes. During the neap tide period net
groundwater movement of 0.1 m/d was observed with horizontal tidal fluctuations in the order of 0.04 m. This
contrasts with the tidally dominated spring tide period where net groundwater movement was negligible but
tidally driven fluctuations of up to 0.13 m were observed.

Introduction

Coastal sand dune aquifers in E Australia are under
increasing pressure from urban and rural
development through:
• Extraction for water supply and irrigation;

• Sewage effluent disposal into aquifers;
Contamination from septic tanks, pesticides
and nutrients.

Coastal aquifers also exchange water and
contaminants with tidal creeks, wetlands, coastal
lakes and recreational waters.

• Bore Hole
A Creek Instrumentation

Fig. 1 Location of Hat Head study site (A-C); well locations (D); Korogoro Creek (E).
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Groundwater discharge to coastal waters, and the
associated transport of nutrients and contaminants,
is believed to have a significant impact on coastal
ecosystems. However, complex boundary
conditions and rapidly changing short-term fluxes
make net flows resulting from local or regional
groundwater discharge difficult to quantify. Such
boundary conditions include beach face wave runup
and storm setup, sub-surface tidal forcing, frequent
surface inundation and tidally driven
surface/groundwater interactions in estuarine and
coastal areas.

Whilst short term changes in hydraulic head can be
measured, variations in salinity make it almost
impossible to translate head gradients into flow
rates in tidal environments. Tracer techniques can
complement hydrological and geochemical studies
of such systems and help distinguish longer-term
net fluxes from the highly variable short-term
fluxes.

Study site

At Hat Head, NSW, on the eastern Australian coast,
(Fig. 1A,B) a comprehensive study of
hydrogeology and hydrogeochemistry has been
conducted in an estuarine/coastal sand dune aquifer
(Acworth et al, 1998). A scheme currently under
construction will dispose of treated sewage effluent
from the small coastal community by injection into
the sand dune aquifer. Hat Head is characterised by
a 10m high sand dune separating freshwater and
estuarine wetlands from the Pacific Ocean (Fig.
1C,D). The wetlands are linked to the ocean via
Korogoro Creek (Fig. IE), which has a 1.5m
maximum tidal range. The underlying aquifer
extends to a depth of >30m below sea level. It
consists of well-sorted fine sands (K=20m/d) with a
zone of poorly cemented 'coffee rock' sands (K=<1
m/d) occurring at 10-1 lm depth. Geophysical and
geochemical data have shown that there is an
extensive mixing zone between fresh and saline
water near the creek as shown in Fig. 2 (Acworth
and Dacey, 2003). Saline intrusion is limited by the
coffee rock base and appears to vary over time.

WEST EAST
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Fig. 2 Conceptual model of groundwater
movement and salinity across Korogoro Creek
derived from borehole EC logs and cross-
borehole tomography data collected during
August 2001 {after Acworth & Dacev 2003^.

Fresh regional and local groundwater discharges to
the creek around the saline water at shallower
depths. Tritium data indicate that regional
groundwater is modem and stable isotope ratios
have been used to distinguish between salt flat and
sand dune dominated systems where evaporative
and seawater mixing processes are observed. Storm
wave setup and beach wave runup have been shown
to elevate the water table near the coast leading to
flow reversal and potential discharge of effluent to
the estuarine zone.

Method

A radioisotope tracer study of groundwater flow in
response to tidal forcing was conducted in the
variable salinity zone adjacent to Korogoro Creek at
Hat Head. Using the short lived conservative
radioisotope tracer 82Br (TV2=35h), groundwater
movement was tracked in-situ over a period of
~5 days on two occasions, first during a spring tide
(August 2001; 80 MBq 82Br) and then during neap
tides (July 2002; 200 MBq 82Br).

The tracer was injected into a borehole screened at
a depth of 5 m from the surface (Borehole HHC,
Fig. 3) and gross gamma counts monitored over
time from an adjacent borehole (Borehole HHB,
Fig. 3) using Nal(Tl) detectors.
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Fig. 3 Cross section of study site showing well
depth and location (refer to Figs ID & 2).

Vertical profiles were also measured from borehole
HHB to determine the tracer depth and directional
profiles taken using a collimated detector were used
to determine the direction of the plume.

A series of laboratory measurements of count rate
at various distances from a point source and at
various source activities were conducted in a
simulated sand aquifer using 82Br. An equation was
fitted to this data to enable us to estimate the
detector distance, r, from the tracer plume as a
function of count rate detected assuming a point
source of known activity.

r =-70.738-lnff )
\932S7AJ
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Where r = point source distance (mm}
A = decay corrected source activity

(MBq)
CPS = background corrected counts per

second

Equation 1 incorporates the effects of attenuation
and buildup as well as the radionuclide and material
properties. However, it will underestimate the
distance to the plume because of dispersion.

The equation was applied to time series count rate
data from both experiments after background and
decay correction in order to estimate the distance of
the plume from the detector.

Results

From these data we were able to map the path of the
slow moving tracer by plotting distance against
direction on a radial plot (Fig. 4). In combination
with the fluctuations in the time series data, we
were then able to distinguish net groundwater
movement from short term tidally driven fluxes.

During the neap tide period net groundwater
movement of 0.15 m/d was observed with
horizontal tidal fluctuations in the order of 0.04 m
and no discernible vertical movement. This
contrasts with the tidally dominated spring tide
period where tidally driven fluctuations were up to
0.14 m, net horizontal groundwater movement was
negligible
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Fig. 3 Radial plot of plume path during the
tracer study.

Discussion and conclusions

During spring tides horizontal fluctuations are
driven by the tides but observed net movement is
upwards. This supports the hypothesis that saline
intrusion drives upward circulation in the mixing
zone.

During neap tides vertical movement is negligible
and the tidally driven fluctuations are small. A net

horizontal flow towards the creek is clearly
observed supporting the hypothesis that fresh local
and regional groundwater discharges to the creek
above the high salinity zone.

The frequency of directional data collection is not
sufficient to show fluctuations in direction due to
tides, however the reversing direction shown
between 40 and 54 hours in Fig. 4 provide an
indication that this may be occurring.

We are currently conducting Monte Carlo
modelling of trie experiment and the simulated
calibration aquifer to investigate plume dispersion
and correct distance estimates to allow for a non-
point source plume.
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