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1 INTRODUCTION 

The Walker Corporation Pty Ltd engaged Resource & Environmental Management Pty Ltd (REM) 
to investigate various groundwater issues as part of the preparation of an Environmental Impact 
Statement (EIS) for the Buckland Park proposal. The site is 1,308 hectares situated 32km north of 
Adelaide, adjacent to the Gawler River, west of Port Wakefield Road (Figure 1). 

One component of this work entailed a desktop review of the potential for aquifer storage and 
recovery (ASR) at Buckland Park. ASR is a process whereby stormwater (typically urban or creek 
flow) is harvested during winter months, injected and stored in aquifers, and then subsequently 
recovered during periods of high demand in summer. If feasible, ASR has the potential to 
decrease the consumptive use of potable water for non-potable applications (e.g. irrigation) and 
to supplement or bank water to protect against future uncertainties in availability that may occur 
as a result of prolonged drought conditions. 

This report outlines a desktop evaluation of the potential for ASR within the catchment area of the 
Buckland Park site.  The study focuses on the capacity of the major aquifers beneath the site as, 
at this stage, the potential magnitude of ASR demand at the site is unknown. 

1.1 Objectives 

The objectives of this investigation are to assess the: 

!  feasibility of ASR at Buckland Park through a desktop review of the local hydrogeology, 
taking into account the likely influence of water policy and regulations; 

!  potential impact of the proposed ASR scheme on regional aquifer pressure and water 
quality; and 

!  to describe ASR management and monitoring requirements, taking into account the likely 
influence of water policy and regulations. 

1.2 Scope of work 

The desktop investigation draws upon existing work and available data to determine the likely 
capacity of the aquifer to receive and store water. The results presented are preliminary and 
further work would be required to fully evaluate the feasibility of ASR at Buckland Park. The scope 
of work for this investigation includes: 

!  a review of local and regional groundwater conditions, aquifer type (confined or 
unconfined), depths and groundwater quality; 

!  estimation of the potential storage capacities of the major aquifers beneath Buckland 
Park; 

!  description of the likely legislative, management, and monitoring requirements of an ASR 
scheme at Buckland Park.
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2 BACKGROUND 

2.1 What is ASR? 

The term ASR was defined by Pyne (1995) as ªthe storage of water in a suitable aquifer through a 
well during times when water is available, and recovery of the water from the same well during 
times when it is neededº. The concept is depicted in Figure 2. 

Figure 2. Schematic depiction of the ASR process (after Martin and Dillon, 2002). 

While there are a range of methods whereby groundwater recharge can be artificially increased, 
ASR by injection wells has developed as the main form of recharge enhancement in the Adelaide 
region. This is due to the presence of suitable confined aquifers at depth, restricted space, and a 
lack of suitable watertable aquifers (Hodgkin, 2004). Typically, ASR by recharge wells involves 
the harvesting of treated stormwater and/or wastewater during winter months (when rainfall is 
highest, and demand for water low) for injection into purpose-built wells. The same wells are used 
to extract water in times of high demand (summer months) where it is used for non-potable uses 
(e.g. irrigation) or it can be treated and purified for potable supply. 

ASR can be used as a resource management tool where water from a source is treated and then 
stored underground (Figure 2). Large volumes of water may be stored underground thereby 
reducing the need to construct expensive surface reservoirs. ASR can also replenish aquifers that 
have experienced long-term declines in water levels as a result of concentrated and heavy 
pumping (Martin and Dillon, 2002). 
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2.2 Previous investigations 

There have been a number of previous investigations into ASR in the Adelaide region, which 
were reviewed by Martin and Dillon (2002) and Hodgkin (2004). The confined aquifers of the 
Northern Adelaide Plains (NAP), where Buckland Park is located, were identified as having a high 
potential for ASR developments (Martin and Dillon, 2002). This view was supported for the 
Buckland Park area in a preliminary investigation by Australian Water Environments (AWE, 2007), 
which concluded that the T2 Tertiary aquifer had suitable properties and sufficient permeability to 
allow for ASR with injection rates of 10 to 12 L/s possible. The study also suggested the injection 
of water would be beneficial by lowering the native groundwater salinity, and that other aquifers 
and confining layers would not be adversely affected by the increased pressure associated with 
injection.

A number of nearby ASR schemes, south of the Buckland Park area, are currently in operation or 
are in the planning stage (Figure 1). Some of these schemes are proposed to operate with 
artesian conditions that may impact irrigators within 2.5 kilometre radius of the ASR injection well.
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3 REGIONAL HYDROGEOLOGY 

3.1 Hydrostratigraphy 

The Adelaide Plains consist of Tertiary and Quaternary sediments up to 600 m thick that host up 
to ten aquifer systems, which overly Precambrian bedrock. Generally, the Tertiary sedimentary 
aquifers constitute the largest and most important groundwater resource of this region, whilst the 
Quaternary aquifers are relatively thin and of limited extent. 

Buckland Park is within the Adelaide Plains Sub-Basin where the hydrostratigraphy is relatively 
simple due to the uniformity and extent of the key geological units. Figures 3 and 4 depict the 
regional hydrostratigraphy of the Northern Adelaide Plains. Recent broad-scale investigations of 
the area (Evans, 1990; Gerges, 1996, 1999, 2001; and Zulfic, 2002) are summarised in Hodgkin 
(2004) from which much of this section has been sourced. 

Figure 3. North-south hydrogeological cross-section, Northern Adelaide Plains (after Zulfic, 
2002). The arrow indicates the approximate position of Buckland Park. 

Buckland Park 
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Figure 4. West-east hydrogeological cross-section along Gawler River, Northern Adelaide Plains 
(after Zulfic, 2002). Buckland Park is located west of the Redbanks Fault. 

3.1.1 Quaternary aquifers 

In the NAP region, three Quaternary aquifers (Q1 to Q3) are generally present with thicknesses 
ranging from 3 to 15 m.  They can be quite discontinuous with lateral extents often less than 2 km. 
The Hindmarsh Clay unit encloses these aquifers and thins to the northern limit of the NAP PWA, 
where it can be as little as 20-30 m. Clay underlies the Q3 aquifer and forms a confining bed 
above the Q4 aquifer, although there are localised occurrences of the Q3 aquifer directly 
overlying the Q4 aquifer. 

3.1.2 Q4 (Carisbrooke Sand) Aquifer 

The Q4 aquifer is a sandy confined aquifer that is present throughout most of the region, but is 
absent near of the coast, north of St Kilda. In the NAP region, it is comprised solely of the 
Carisbrooke Sand and averages about 20 m thickness. It consists of multi-coloured, poorly 
sorted, fine to medium grained quartz and and silt, with some clay and thin gravel beds. Wells 
completed within Q4 are typically low yielding and require screening and extensive development 
to minimise the production of fine sands. At Buckland Park, the Q4 aquifer directly overlies the T1 
aquifer, and is absent within 2-4 km of the coast (Figure 5). It is likely that it thins and expires 
(pinches out) near the western side of the site. 

3.1.3 T1 Aquifer 

The T1 aquifer is generally considered to be two sub-aquifers separated by the glauconitic silts 
and sands of the Croyden Facies, which act as a weak semi-confining bed. The upper most sub-
aquifer, T1a, consists of the Hallet Cove Sandstone and Dry Creek Sand that are of shallow 
marine origin and comprise shelly, dark grey to brown sand, silt and clay. 

The T1a sub-aquifer is absent in the northern parts of the Buckland Park site, where the Q4 
directly overlies the T1b. This sub-aquifer consists of the upper fossiliferous sands and 
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limestones of the Port Willunga Formation. It is a confined aquifer that often enables high-yielding 
wells with open-hole production intervals, making it suitable for ASR projects.

The thickness of the T1 aquifer is about 75 m in the south-eastern NAP PWA and thins out and 
disappears toward the north, 8 km north of the Gawler River. Drillhole logs taken from the 
Buckland Park area suggest it is quite thin in this region (<10m thick). The depth to the top of T1 
aquifer is about 50 m near the Gawler River and gradually deepens toward the south-east. It is 
encountered at about 150 m below ground level just west of the Para Fault near Salisbury 
(Hodgkin, 2004). 

Hydraulic conductivities in the T1b aquifer vary between 1 and 2 m/day for ten aquifer tests 
undertaken in the southern area of the NAP PWA. Aquifer tests have not been conducted in the 
T1 aquifer more than one kilometre north of Waterloo Corner. The transmissivity (T) and the 
storativity (S) of the T1 aquifer are reported to range between 60 and 150 m2/d and 2.5! 10-4 to 
5! 10-4 respectively (Gerges, 2001). 

The T1 aquifer sits above the Munno Para Clay Member, which is a blue-grey, fossiliferous, highly 
plastic clay that acts as an aquitard. The Munno Para clay has an average thickness of around 10 
metres and contains two thin layers of white to grey limestone. 

3.1.4 T2 Aquifer 

Throughout most of the Adelaide Plains Sub-basin, the T2 aquifer consists of well-cemented 
limestones of the lower Port Willunga Formation. Gerges (2001) recognised three sub-divisions of 
the T2 Aquifer in the NAP region based on lithological characteristics: 

· T2A Sub-aquifer ± mostly pale-grey to white well cemented limestone/sandstone. 

· T2B Sub-aquifer ± a pale yellow to orange brown limestone/sandstone, friable to moderately 
cemented and occasionally interbedded with highly calcareous fossiliferous sand. 

· T2C Sub-aquifer ± mainly interbedded sand and very friable limestone with occasional silt and 
clay. 

In the metropolitan area, very few wells intersect the T2 Aquifer, whereas in the NAP PWA, the 
upper section of the T2 Aquifer forms the main groundwater supply. 

The T2 aquifer varies in thickness from 20 m in the area near Kangaroo Flat to 100 m near 
Virginia, Milner, and along the southern boundary of the NAP PWA. At its shallowest point, the top 
of the T2 aquifer is 30 m below ground level along the central region of the northern boundary of 
the NAP PWA (Hodgkin, 2004). The depth to the top of the T2 aquifer deepens toward the south-
east, where its deepest point within the NAP PWA is 210 m below ground level. 

Aquifer tests have been conducted in the T2 aquifer in at least eight locations within the NAP 
PWA. These tests show that the hydraulic conductivity of the T2 aquifer typically ranges between 
1 and 3 m/day. The transmissivity and the storativity of the T2 aquifer are reported to range from 
80-125 m2/d and 1.9 - 5.6! 10-4 respectively (Gerges, 2001). 
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The T2 aquifer is underlain by the Ruwarung and Aldinga members of the Port Willunga 
Formation. These units are predominantly fine grained marine sediments that act as confining 
beds and have a combined thickness that varies between about 50-150 m. 

3.1.5 T3 and T4 aquifers 

The T3 aquifer is thin (5m in the NAP region) and formed by sandy sections of the Aldinga 
member or the underlying Chinamen Gully Formation. It is not significantly hydraulically 
connected to the T2 aquifer and is separated from the T4 aquifer by the thick confining beds of 
the Blanche Point Formation. 

The T4 aquifer consists mainly of South Maslin Sands and sometimes North Maslin Sands. It is of 
uncertain thickness, but Gerges (2001) indicates it ranges from about 20-60 m thick south of the 
Little Parra River. 

The T3 and T4 aquifers are saline. Levels as high as 80,000 mg/L TDS have been recorded in 
the deeper T4 aquifer (Hodgkin, 2004). 

3.1.6 Significance of the Buckland Fault 

While the exact position of the Buckland Fault is unknown, it is thought to occur near the western 
boundary of the site (Figure 5). The fault has caused the downward displacement of the 
geological strata on its western side of the order of 70 m, and it is believed that the Munno Para 
Clay Member has been eroded to the west of the fault, thus providing a direct connection 
between the T1 and T2 aquifer. 

3.2 Groundwater levels 

Depth to groundwater maps are provided for the Q4, T1 and T2 aquifers (Figures 5, 6 and 7 
respectively). Extraction from the T2 aquifer has created a deep cone of depression that is 
centred between Virginia and the Gawler River (Figure 6) from which the majority of groundwater 
extraction occurs in this region. 

Depth to groundwater is an important consideration for ASR schemes, because it has a large 
control on the potential volumes of water that can be stored within an aquifer. Injection into 
aquifers with quite shallow groundwater levels may lead to the creation of artesian or free-flowing 
conditions in nearby wells unless they are fitted with appropriate headworks. Indeed, prior to the 
extensive extraction of groundwater resources for irrigation, the main Tertiary aquifers were 
sufficiently pressurised to ensure most wells west of Port Wakefield Rd were artesian. At the 
Buckland Park site (Figures 5, 6 and 7), the groundwater levels are quite shallow (<10 m) in the 
Q4 and T1 aquifers and this may present a problem for ASR schemes. Groundwater levels are 
deeper in the T2 aquifer, although they are more shallow west of the Buckland Park fault near the 
coast.

Seasonal changes in groundwater levels are also relevant for ASR considerations as injection 
typically occurs in winter months (May-September) and extraction occurs in summer (October-
April). Seasonal changes in groundwater levels within the T1 and T2 aquifers can be seen in 
Figures 6 and 7 with separate depth to water contours for March 2003 and September 2001. In 
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the T1 aquifer within the project area, the depth to groundwater drops from a relatively flat 5 m in 
late winter to localised drawdown cones of around 10 m in late summer (presumably due to 
groundwater extraction). In the T2 aquifer, depth to groundwater contours have a similar shape in 
both late summer and winter, but the cone of depression (centred between Virginia and Gawler) 
drops from 30 m in late winter to 60 m in late summer. The impact of this drawdown decreases 
with distance from the centre of the cone. Thus in the western part of the project area 
groundwater levels drop only a few metres in summer, compared to 30m in the eastern part of the 
project area.

3.3 Groundwater flows 

The general flow direction is towards the coast for the Q4 and T1 aquifers, but the cone of 
depression has reversed this flow path in the T2 aquifer and groundwater flows radially towards 
the centre of the depression in this aquifer. While hydraulic gradients are more pronounced in 
summer, the general direction of groundwater flow does not change seasonally. 

3.4 Groundwater salinity 

Regional groundwater salinity maps (from Hodgkin, 2004) are provided for the Q4, T1 and T2 
aquifers respectively (Figures 8, 9, 10). There is a general trend of increasing salinity to the north 
west. Groundwater salinity may be affected by extraction with higher levels in the Q4 and T1 
aquifers evident in the cone of depression, north of Virginia. 

There is a big range in groundwater salinity across the NAP; it ranges from 1000 to > 5000 mg/L 
in the Q4 and T2 aquifer, from 1000 to > 4000 mg/L in the T1 aquifer. Within the project area, the 
salinity is generally lower and more favourable for irrigation in the T2 aquifer, where it is 
< 1000 mg/L. The salinity of the T1 aquifer is also attractive for ASR, being <1000 mg/L for large 
portion of the site. 
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4 PROJECT AREA ASR POTENTIAL 

4.1 Local hydrogeology 

4.1.1 Groundwater levels 

Maps of the most recent groundwater levels (September 2007) in the Q4, T1 and T2 aquifer at 
Buckland Park were generated using data from monitoring wells (Figures 11, 12, 13). Data is 
lacking for the Q4 within the project area with few wells completed here, although it is likely that 
the depth to water is minimal (<5 m). The depth to water in the T1 is around 7 m. There are 
deeper water levels in the T2 (7-20 m), which are due to the cone of depression caused by 
groundwater extraction from this aquifer. 

4.1.2 Groundwater salinity 

Maps of the most recent groundwater salinities in the T1 and T2 aquifer are presented in Figures 
14 and 15. While there are few data points within the site, nearby wells indicate salinities of 
around 1000-1500 mg/L in the T1 and <1000 mg/L in the T2. This confirms findings from regional 
datasets (Figures 9, 10) which identified both of these aquifers as having salinities favourable for 
ASR.

4.1.3 Aquifer yields 

Recorded yields in the Q4, T1 and T2 aquifers are presented in Figure 16. The Q4 aquifer 
appears to have limited yields and hence injection rates. The T1 aquifer has yields that are 
generally high and favourable for ASR although there is some variation- there are two known 
cases of low yields (<2.5 L/s) within the proposed development area, whilst within 2 km of the 
north-west boundary there are several yields in excess of 15 L/s (equivalent to 473 ML/year if 
continuously pumped). Yields within the T2 aquifer are favourably high, typically in the range of 5 
to >15 L/s. 

4.1.4 Groundwater extraction 

Groundwater extraction maps for 2006/07 are presented for the Q4, T1 and T2 aquifers (Figures 
17, 18, 19). There is limited extraction from the Q4 aquifer, and there are relatively few 
surrounding users of the T1 aquifer, which mitigates the likelihood of ìnterfering' with adjoining 
wells under artesian storage conditions for these aquifers. By contrast there are numerous 
existing T2 wells/users within 2 km of the project boundary. This may become a constraint on the 
potential amount of water that could be injected.

4.2 Aquifer properties 

Table 4.2 presents a summary of the aquifer characteristics as determined from the available 
published data.
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Table 1 Summary of Q4, T1 and T2 aquifer characteristics at Buckland Park 

Aquifer Q4 T1 T2 

Description Sandy, confined aquifer of 
limited thickness and 
extent at project site 

Fossiliferous sands and 
limestones

Cemented limestones 

Thickness <20 m 10-35 m 80-100 m 

Groundwater 
salinity 

3,000-5,000 mg/L TDS < 1,000 mg/L TDS < 1,000 mg/L TDS 

Transmissivity (T)  60 - 150 m2/day  80 - 125 m2/day 

Aquifer yield <2.5 L/s <2.5 to > 15 L/s 5 to >15 L/s 

Storativity (S)  2.5! 10-4 to 5! 10-4 1.9x10-4 - 5.6! 10-4

4.3 Aquifer storage capacities 

The capacity of an aquifer to store additional water is a function of the aquifer storativity and 
increased potentiometric head (available head). The additional volume for a confined aquifer is 
defined as: 

! V  = (A . h . b . Ss)/1000
where ! V = aquifer storage (ML), A = area (m2), h = available head (m), b = aquifer thickness (m), 
and Ss = specific storage (m-1).

The available heads and aquifer thicknesses were previously calculated at 50 m intervals across 
the Adelaide Plains by Hodgkin (2004) based on groundwater levels for Autumn 2003. This data 
was imported into ArcGIS software for spatial analysis and applied to the Buckland Park site. 
Groundwater levels at the end of the irrigation season (autumn) were used as this is where 
groundwater levels would normally be at the start of an injection period. Generating new contours 
and information based on more recent data was not within the scope of this project. 

Aquifer storage capacities are presented in Table 2. An upper and a lower value of Ss (1.2 x 10-5

and 6 x 10-6) were used to calculate an upper and lower estimate. The sub-artesian volume is the 
available storage if heads are to remain 2 m below ground level so as to avoid causing 
neighbouring wells screened in the same aquifer from overflowing during winter/spring. The 
calculated artesian volume assumes that groundwater levels/pressures can be raised above 
ground level up to 50% of the theoretical maximum (before physical rupture of the sediments 
overlying the aquifer). 

If ASR is to remain sub-artesian at Buckland Park, there is limited capacity in the Q4 and T1 
aquifers. The T2 aquifer, however, is able to store between 96 and 193 ML whilst maintaining 
groundwater levels at least 2 m below ground level. Additional storage is available if artesian 
conditions are allowed. This would entail additional infrastructure and costs to install the 
necessary headworks on the project wells and potentially on some wells in the site's vicinity. 

The greater storage capacity of the T2 aquifer is primarily due to the significantly greater 
thickness compared to the Q4 and T1 at Buckland Park (see Figures 14, 15). However, the high 
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sub-artesian storage in the T2 is partly a reflection of the site's position within the cone of 
depression caused by irrigators extracting water from the T2 over many years. 

Table 2 Estimates of artesian and sub-artesian storages (ML) for the Q4, T1 and T2 
aquifers at Buckland Park 

Aquifer 
Aquifer Storage Capacities, ! V (ML)

Sub-artesian Artesian 

Q4 11 - 23 

T1a 0.8 ± 1.7 8.9 ± 18 

T1b 1.6 ± 3.3 112 - 224 

T2 97 ± 193 525 - 1,050 

These preliminary estimates assume that storage occurs only over the extent of the Buckland 
Park site to a fixed level. This is not realistic as injection into a well produces a conical shape of 
water level changes. Furthermore, local variations in aquifer hydraulic properties are likely to 
reduce or increase the potential storage. Similarly, groundwater salinity may reduce the potential 
recharge volume and area if there are areas of high ambient salinity. Such areas should be 
avoided to minimise losses associated with mixing with the native saline groundwater. 

If however, the ASR scheme was to be operated whereby groundwater levels were some 50 to 
70 m above ground surface (artesian), which is typical of ASR schemes operated by City of 
Salisbury and Playford, the storage capacity of the T2 and T1 aquifers beneath future urban 
areas shown in the Master plan, using the lower approximate of specific storage, is estimated to 
be around 500 ML/yr and 200 ML/yr respectively. The estimated volume that could potentially be 
stored at the Buckland Park site is consistent with the volumes that the City of Salisbury and 
Playford ASR schemes are proposing or currently injecting.

4.4 Summary 

The Q4 aquifer at Buckland Park represents a relatively poor target for ASR. The aquifer is thin 
and may not cover the entire site, there is limited storage even under artesian conditions, 
groundwater salinity is relatively brackish (3,000-5,000 mg/L), and the unconsolidated sandy 
nature of the aquifer means injection wells may be less efficient and have more maintenance 
problems than holes completed in more stable formations. In brief, the Q4 aquifer has too many 
limitations and does not warrant further investigation unless a small ASR scheme (say <5 ML/yr) 
is envisaged. 

The T1 aquifer represents a reasonable ASR target but is significantly less prospective than the 
underlying T2 aquifer. Groundwater salinity is favourable (<1000 mg/L), yields (injection rates) are 
generally high, and the limestones at the base of the T1 should support relatively efficient open 
hole well completions. However the sub-artesian storage is minimal within the site boundaries 
(2.4 - 5.0 ML) due to shallow depths to groundwater and relatively limited aquifer thickness. 
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Significantly greater storages can be obtained (112 - 224 ML) under artesian conditions. The 
general lack of surrounding users of the T1 supports the feasibility of such an approach. 

The T2 aquifer represents the most attractive aquifer in terms of maximum storage capacity and 
probably also for the maximum injection rates as reflected by many high yielding bores within the 
site's vicinity. Under sub-artesian conditions, the storage capacity is in the order of 96-193 ML. It 
is significantly higher under artesian conditions (525-1,050 ML), although the practicality of 
artesian storage may be limited by the large number of existing T2 wells/users within two 
kilometres of the site. The salinity of the aquifer is also favourable (<1000 mg/L). 
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5 POTENTIAL IMPACTS OF ASR 

5.1 Groundwater levels 

Given that the T2 aquifer represents the most obvious target for ASR at Buckland Park, some 
preliminary calculations were performed to assess the impact of an ASR scheme on groundwater 
levels in the T2 aquifer. The water demand for such a scheme is unknown so the calculations 
were performed using storage volumes of 50 and 100 ML/year. 

Well-Z, a 2-D groundwater model, was used to approximate head build-up due to injection into a 
single ASR well, located arbitrarily at the centre of the site. The calculations simulate the impact 
of injection into this well, assuming constant injection rates for a period of 100 days. Four different 
scenarios were modelled using this method; an ASR scheme of either 50 or 100 ML/year, using 
the either the highest or lowest values for transmissivity (T) and storativity (S) from the published 
ranges (Table 3). In essence, Scenario A simulates the maximum expected head build-up from 
an ASR scheme (with the highest pumping rates and the lowest T and S values), while Scenario 
D simulates the least expected head build-up due to lower pumping rates and the highest T and S 
values. Scenarios B and C are between these two extremes. Figures 20, 21, 22 and 23 depict 
Scenarios A, B, C and D respectively. The predicted head build-up is plotted over recent 
groundwater levels (September 2004), to show the likelihood of artesian conditions being 
encountered if these injection rates were used. 

Table 3 Scenarios modelled to simulate the impact of ASR on groundwater levels at 
Buckland Park 

Scenario 
ASR Storage 

(ML/year) 

Transmissivity 

(m2/day) 
Storage Coefficient 

A 100 80 1.9 x 10-4

B 100 125 5.6 x 10-4

C 50 80 1.9 x 10-4

D 50 125 5.6 x 10-4

Scenario A (Figure 20) demonstrates that while the predicted head build-up is large near the 
injection well for a 100 ML/year ASR scheme with 50 m2/d transmissivity, the impact on 
groundwater levels outside of the site is minimal (<3 m). Some artesian conditions may be 
encountered in the site under this scenario ± the ground surface is 3 mAHD in the southwest 
corner and gradually rises to 11 mAHD in the northeast corner. However, these conditions would 
be confined to the immediate vicinity of the well and perhaps the southwest corner of the site 
where the ground surface is lower. 
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The impact of a 50 ML/year ASR scheme with higher transmissivity is much less, with 
groundwater levels rising by only about 1 m within the site (Scenario D, Figure 23). The impact of 
groundwater levels in Scenarios B and C (Figures 21, 22) are similar.  

While the Well-Z calculations provide some indication of the possible impact of an ASR scheme, 
the results have some limitations due to the assumptions used by the software and the 
simplification of actual hydrogeological conditions. Well-Z is a 2-D model attempting to simulate a 
complex 3-D flow regime. It assumes a flat groundwater level as an input and does not consider 
any variations in groundwater level due to seasonality or extraction from neighbouring wells. 
Therefore the results should be viewed as qualitative rather than quantitative. 

5.2 Groundwater quality 

Assuming that urban runoff/stormwater is to be harvested for injection into an ASR scheme at 
Buckland Park, this water would need to be treated either mechanically or via a wetland. This is to 
ensure pollutants do not enter the aquifer and adversely affect down-gradient users, such as 
those pumping from the T2 near Virginia. Pollutants typically associated with urban runoff include 
sediment, heavy metals, nutrients, bacteria, oil, grease, toxic chemicals, pesticides and other 
contaminants. The source water must meet EPA guidelines (see next section) before injection 
can occur. Injected water should contain very low levels of suspended solids to prevent aquifer 
clogging during injection. 

In terms of salinity, the impact of ASR on groundwater quality can often be favourable with the 
injection of fresh urban runoff lowering the salinity of groundwater and producing a buffer zone of 
low salinity water near the injection well. The size and behaviour of this buffer zone is affected by 
the ratio of injected to recovered volumes, the timing of injection/recovery, and the ratio of the 
salinity of the injection water to the native groundwater. Managing the buffer zone is important if 
certain criteria for recovered groundwater quality are to be met. 



Aquifer Storage and Recovery Potential for Buckland Park 

PAGE             15

6 ASR MANAGEMENT ISSUES 

6.1 Legislation 

Given the size of the site and an assumed intent to harvest urban runoff from over 1 ha, any ASR 
scheme at Buckland Park would have to be licensed by the EPA. The operation of an aquifer 
recharge scheme is subject to the Environment Protection Act 1993, which is concerned with the 
quality of water stored in and recovered from aquifers. Aquifer recharge must comply with the 
Environment Protection Act 1993 (the Act) and the Environment Protection (Water Quality) Policy 
2003 (EPP Water Quality) administered by the SA EPA. The SA EPA may issue an authorisation 
in the form of a licence to operate an ASR scheme once development approval has been granted 
from the local planning authority (if required). Under section 47(2) of the Environment Protection 
Act, the EPA must grant an authorisation if development approval has been given. Under the 
referral system in the Development Act, the EPA may direct that the development be refused if it 
is not satisfied with the assessed environmental impact. To be granted a licence, the proponent 
will need to demonstrate effective Managed Aquifer Recharge (MAR) operational skills and that 
the MAR proposal will not cause environmental harm. When the EPA is satisfied that the proposal 
will allow compliance with the Act, it may grant a licence, to which will be attached operational and 
reporting conditions. 

A DWLBC permit would be required for injection (or drainage) of water into a well and a DWLBC 
license for r̀echarge allocation' would also be required to enable recovery of the injected water. 

The Adelaide and Mt Lofty NRM Board plays a key role in the development and operation of ASR. 
The site is within the Northern Adelaide Plains Prescribed Well Area, which is governed by the 
terms of a Water Allocation Plan (WAP). The WAP is being revised, but currently applies several 
ASR specific rules; these include 1) the recharge allocation will generally be no more than 80% of 
the injected water volume; 2) unused recharge entitlements can be carried over for up to 5 years; 
and 3) water cannot be allocated where doing so will adversely affect the groundwater resource, 
the land, or nearby groundwater users (wells). 

The ASR approvals process is currently under review and all future ASR activities may be 
administered through DWLBC who will, where required, refer the application to the EPA for 
comment.  

Before the current WAP review for the NAP PWA is concluded, clarification should be sought from 
DWLBC concerning ASR within the project area so that any appropriate amendments to the WAP 
can be considered.

6.2 Monitoring requirements 

Regulatory requirements, as stipulated by the NRMB, for establishing and operating an ASR 
scheme in the Northern Adelaide Plains are still evolving. Recent discussion ideas for ASR 
(Adelaide and Mount Lofty Ranges NRM Board, 2006) suggest that the following monitoring 
requirements may become implemented in the future: 
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!  Water quality testing before operation commences: proposed policy would require both 
the source water and the existing groundwater to be tested. The source water would 
need to meet the guidelines of the EPA Water Quality Policy. 

!  Ongoing water quality testing: the proposed policy would require groundwater to be 
sampled once a year. Sampling requirements of the source water would depend on 
source of the water and the volume being recharged. For example, roof runoff would not 
require on-going monitoring if early testing showed it to be clean, while other urban runoff 
would require on-going monitoring (once a year for <20 ML/year injected, more than once 
a year if >20 ML/year). 

!  Additional testing and notification to domestic groundwater users within a 1 km radius of 
the ASR well: domestic users within a 1 km radius of the proposed ASR site will have to 
be notified and additional testing may be required if one or more domestic users are 
located within this zone. 

For groundwater levels, each ASR injection well should have a dedicated T2 monitoring well 
close enough to pump-test the injection well to obtain accurate hydraulic properties (T and S) and 
to act as an ongoing monitoring well. Any suitable existing T2 monitoring wells should also be 
used to monitor the impact of the ASR scheme. 

6.3 Risks 

There are numerous complexities that need to be investigated further prior to establishing an ASR 
scheme to service the Buckland Park proposal. There are differing levels of risk and management 
required, largely depending on the source water for the ASR scheme. For example, should the 
ASR scheme ever plan to inject reclaimed water into the aquifer, then more intensive 
investigations and rigorous on-going monitoring would be required. The method of delivery to 
users will also influence the final design and number of injection/extraction wells.  The following 
key risks have been identified and need to be evaluated further in the context of any proposed 
ASR schemes at Buckland Park: 

!  loss of recovery volume through mixing if the injection well field extends into the more 
brackish/saline parts of the aquifer; 

!  poor recovery efficiency if the injected water moves outside the capture radius of the 
recovery well; 

!  impacts to existing groundwater users of the Tertiary aquifers;  
!  groundwater users who may be adversely affected by the ASR scheme;
!  setting of aquifer environmental values for the aquifer that may preclude the use of 

stormwater or reclaimed water as a source for injection; 
!  third party users that may use groundwater for potable purposes which may preclude 

reclaimed wastewater or stormwater as a potential source of water for injection; and 
!  in the absence of the Munno Para Clay there is greater potential for upward leakage from 

the Tertiary aquifers which may impact on the shallow watertable. 
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6.4 Impacts associated with operating under artesian 
conditions

If the ASR scheme is to be operated under pressurised (artesian) conditions potential impacts 
may include: 

!  Extraction from the ASR well introduces a new demand into the area which can result in 
well interference between the ASR well existing users. This is likely to occur if the existing 
user's wells are completed in the upper most section of the aquifer and the ASR well is 
completed over a deeper section.

!  During injection existing operational wells which are not appropriately sealed around the 
headworks may begin to flow. 

!  Potential failure of the overlying confining bed if injection pressures are too high.
!  Poor performance of pumps in existing users wells because of a greater depth of 

submergence at the start of the irrigation season.
The ASR schemes operated by the Cities of Salisbury and Playford also have the potential to 
impact on existing users (REM 2008) where pressure injection results in groundwater levels rising 
some 50 to 70 m above ground surface.

To mitigate this potential issue the City of Salisbury has actively sought to purchase water 
allocation licences from existing users within close proximity to their operational ASR schemes 
and decommission those wells.

6.4.1 Existing groundwater users 

Modelling carried out for the Cities of Salisbury, Playford and Tea Tree Gully predicted that the 
impacts of operating ASR schemes with a 50 to 70 m pressure head are likely to cause most 
wells within a 1.5 to 2 km radius from the injection wells to also become artesian during winter. 
Figure 24 and Figure 25 illustrate the location of existing licensed groundwater users who 
abstract irrigation supplies from the T2 and T1 aquifer respectively within the Buckland 
Park/Virginia area. 

If the T2 aquifer is the primary target, and 500 ML or more is the proposed injection volume, up to 
287 existing users within a 3 km radius from Buckland Park (Figure 24) could potentially be 
impacted if an ASR scheme is operated under artesian conditions. Well headworks would need to 
be modified and sealed to prevent wells flowing during winter at an estimated cost of between 
$1,000 and $2,500 per well depending on the existing headworks configuration. 

It should be noted that these predictions are dependent on the local aquifer hydraulic properties. 
The potential for artesian conditions and areal extent may be less than predicted because as 
there is the potential that the large cone of depression centred on Virginia caused by irrigators 
extracting water from the T2 over many years may buffer the impacts. This would need to be 
confirmed by further investigations following drilling and testing at the Buckland Park site. 
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7 KEY FINDINGS AND RECOMMENDATIONS 

7.1 Key findings 

Based on a review of the local hydrogeology there is strong potential for a successful ASR 
scheme with around 50+ ML/yr to be developed at Buckland Park within the T2 aquifer. The T2 
aquifer represents the most attractive aquifer in terms of maximum storage capacity and probably 
also for maximum injection rates. Preliminary calculations suggest an ASR scheme in the T2 
would have minimal impact on groundwater levels in the area surrounding the proposed 
development.

Salisbury and Playford Councils are proposing ASR schemes with potential storage volumes of 
the order of 200 to 500 ML/yr. Preliminary evaluations (REM, 2008) have indicated that injection 
at this rate has the potential to cause aquifers to become artesian within 1.5 to 2.0 kilometres of 
the injection well. The estimation of a 50+ ML/yr scheme for the Buckland Park site is 
conservative and will maintain sub-artesian conditions at the site. Operating at artesian conditions 
will allow greater volumes of water to be stored (potentially greater than 200 ML/yr) but impacts to 
other groundwater users and shallow watertables will need to be considered in more detail. 

There may also be opportunities to operate an ASR scheme across a footprint that is larger than 
the Buckland Park site, thereby increasing the storage capacity. This initiative would require 
discussions with City of Playford. 

If the ASR scheme targets the T1 aquifer and operated under artesian conditions (50 to 70 m 
head above ground surface) up to 44 existing users (Figure 25) could potentially be impacted and 
their wells would need to be sealed. 

Injection of greater than 500 ML/year into the T2 aquifer may potentially cause a large number (up 
to 287) of existing users wells to become artesian during winter. Modifications to seal those wells 
that may potentially be impacted would be required. Cost to modify the headworks is estimated to 
be between $1,000 and $2,500 per well depending on the configuration of the existing 
headworks.

The T1 aquifer may be a more prospective target at the Buckland Park site because there are 
only 44 existing users within a 3 km radius and therefore costs associated with modifying well 
headworks to prevent them from flowing during injection is likely to be considerably less than for 
the number of existing T2 users. 

Conjunctive use of the T1 and T2 aquifers could nominally achieve a total injection volume of 
approximately 400 ML/yr with the smallest number of existing users impacted if artesian 
conditions result. 

The actual volumes of injection into the T1 and T2 aquifer are contingent on the physical aquifer 
hydraulic properties at the site which should be confirmed through a drilling and testing program. 
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7.2 Recommendations 

To proceed with an ASR scheme at Buckland Park, the following recommendations are made: 

!  Determine the likely water demand and urban runoff capture volumes. (If water demand is 
low, use of the T1 aquifer should be re-considered). 

!  A further constraint to implementing ASR on the Buckland Park site is the potential to 
store the captured storm water. Two options are proposed: 

o Pipe captured storm water to the City of Playford ASR site at Munno 
Para/Andrews Farm, a distance of approximately 10 km. In summer, using the 
same pipeline, deliver the water back to Buckland Park. 

o Identify potential areas where storages could be constructed in closer proximity to 
the Buckland Park site (In the early stages storm water could be managed on-
site. 

It is recommend that a cost benefit analysis be carried out to identify which of the above 
two options are the most economically viable. 

!  Investigate the potential for harvesting stream runoff from the Gawler River if urban runoff 
supply is less than demand. 

!  Discuss preliminary ASR plans with DWLBC and the Adelaide and Mount Lofty Ranges 
NRM Board for feedback in relation to any ASR requirements currently being considered 
within the WAP revision process. 

!  If ASR investigations are to progress, then a field-based second stage program is 
necessary, which should include: 

o a local groundwater use survey; 

o installation of test ASR injection/recovery and monitoring wells; 

o aquifer discharge test(s) utilising the injection/recovery well to confirm aquifer 
hydraulic properties, and to provide an indication of the potential 
injection/recovery performance; 

o analysis of groundwater quality from the target aquifer; 

o an injection and recovery trial (if the site proves feasible) to evaluate the 
operational performance and potential recovery efficiency of the scheme; and 

o  development of final concept design and cost. 

!  If operating the ASR scheme under artesian conditions is likely then ASR investigations 
should also include: 
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o Construction of a production and monitoring well to quantify aquifer properties of 
the T2 aquifer through aquifer discharge testing at the Buckland Park site. 

o Construction of a production and monitoring well to quantify aquifer properties of 
the T1 aquifer through aquifer discharge testing at the Buckland Park site. 

o Preliminary injection and recovery testing to quantify aquifer response during 
injection and recovery. 

o Source water and groundwater sampling and water quality analysis. 

o Basic groundwater modelling to quantify the potential impacts to third parties 
supported by the information obtained from the construction and testing of the 
investigation wells in the T1 and T2 aquifers. 

o Modelling to predict if the T1 and T2 aquifers could be used simultaneously and 
the maximum injection volumes that could be achieved that would minimise 
impacts to existing users. Approval would be sought from the Adelaide and 
Mount Lofty Ranges Natural Resources Management Board to use the model 
developed by REM for this testing.

o Review options for conjunctive injection into the T1 and T2 aquifers following 
confirmation of the aquifer hydraulic properties through drilling and testing at the 
Buckland Park site. 

o Risk assessment aimed at evaluating nay remaining uncertainty that may be 
associated with the ASR scheme including the regulatory framework. 

o Identification of preventative measures preventative measures (e.g. operational 
procedures, critical control points and contingency plans) that may be required to 
mitigate any residual risk. 
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9 STATEMENT OF LIMITATIONS 

The services performed by REM have been conducted in a manner consistent with the level of 
quality and skills generally exercised by members of its profession and consulting practice 

This report is solely for the use of Walker Corporation Pty Ltd and may not contain sufficient 
information for purposes of other parties or for other uses. Any reliance on this report by third 
parties shall be at such parties' sole risk.

The information in this report is considered to be accurate with respect to information provided 
and conditions encountered at the site at the time of investigation. 

REM has used the methodology and sources of information outlined within this report and have 
made no independent verification of this information beyond the agreed scope of works. REM 
assumes no responsibility for any inaccuracies or omissions. No indications were found during 
our investigations that the information provided to REM was false. 
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Figure

24
July-08

T2 Observation Wells 

!( T2 groundwater licence irrigation wells

Site

3km buffer of Buckland Park

(Salinity data provided by DWLBC, 2004)
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Figure

25
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T2 Observation Wells 

!( T2 groundwater licence irrigation wells

Site

3km buffer of Buckland Park

(Salinity data provided by DWLBC, 2004)
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