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THE PADDOCKS WETLAND, SALISBURY COUNCIL,
AQUIFER STORAGE AND RECOVERY INVESTIGATION

REPORT ON INVESTIGATIONS

S R Howles, N Z Gerges and K Dennis

Aquifer storage and recovery investigations at this site have been successfully completed.  This includes high
pressure injection followed by extraction of water with a salinity satisfying that of the intended use.  This is the first
high pressure injection site which has been implemented in South Australia in a deep confined Tertiary aquifer of
low permeability.

Investigation of the upper part of the Tertiary aquifer sequence underlying The Paddocks wetland site in Salisbury
Council area (Adelaide, South Australia) indicates that the lower part of the first Tertiary aquifer (aquifer T1B),
which has a salinity of 1,860 mg/L at this site, has the potential to store wetland treated storm water for subsequent
reuse.  Due to the low transmissivity of the aquifer, and high well losses, the experimental injection well was acidised
which improved the injection efficiency with mains water by 50%.  Even so the injection rate is limited to between 7
and 10 L/s which results in an injection head of ~-70 m during week long injection cycles.  This behaviour appears to
be repeatable indefinitely with no loss of  well efficiency.  In 1996 a total of 75 ML was injected followed by a
residence period of 97 days.  Following this the total injected volume was pumped out at a rate of 15 L/s
continuously.  The recovery efficiency of this first cycle indicates that 40% was recovered with a salinity similar to
that of the injected water, 85% was recovered with a salinity less than 1,000 mg/L (the limit for drinking water),
100% was recovered with a salinity less than 1,300 mg/L (good quality for irrigation).  It is estimated that perhaps
120% of the injected volume would have to be pumped to raise the salinity level to that of the original groundwater.
This indicates that in this hydrogeological environment the injected water has formed a ‘bubble’ surrounding the
well which has remained relatively stable.  Further injection/recovery cycles are expected to result in even better
recovery efficiency.

INTRODUCTION

It is estimated that 390,000 ML of storm
water/effluent is generated in South Australia
annually.  Most is discharged, less than 5% being
reused.  In recent times attitudes have changed and
the resource potential of this water is being
recognised, particularly in situations where a potable
standard is not required.

South Australia currently leads the nation in
experimenting and implementing a policy of reuse,
particularly for irrigation.  This involves aquifer
storage and recovery (ASR), a management tool
which enables conjunctive surface water and
groundwater resource management as an alternative
to the traditional management.

ASR has been conducted extensively throughout the
world including Australia, where ASR practice is
mainly restricted to surface spreading basin recharge
to unconfined aquifers.  The research and
development which has been under way in South
Australia over the past few years has been unique in
that it has focussed on the injection, storage and
recovery of storm water and treated domestic water
into shallow unconfined and deep confined aquifer
systems.  Different aquifer environments have been
targeted including fractured rock, Tertiary limestones
and Quaternary sands.
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1.1 AQUIFER STORAGE AND
RECOVERY (ASR) - DEFINITION

Aquifer storage and recovery involves the storage
of storm water, treated effluent and potable water
by injecting it into aquifers, and its subsequent
recovery for beneficial uses such as irrigation,
industry or town water supply.

1.2 ASR OBJECTIVES IN SOUTH
AUSTRALIA

The major objectives of this technology in South
Australia can be summarised as follows:

• Developing ASR technology for use in South
Australia and identifying where this technique
can be used to enhance the States’ water
resources by:

 
• Establishing the site specific knowledge

required to assess the potential for the
different types of aquifers to store water for
reuse.

 
• Examining the potential of using ASR as a

management tool to enhance groundwater
resources in an area where the resources are
under stress.

 
• Establishing successful sites in South

Australia for the storage and reuse of
stormwater and possibly treated wastewater.

 
• Developing ASR as an integrated surface and

groundwater management tool to enhance
groundwater resources in an area where
resources are under stress using either
stormwater or treated waste water.

 
• Reducing the reliance of urban users on imported

(River Murray) water and the associated high
infrastructure costs related to storage and
distribution. Also reducing the usage of mains
water which is treated to drinking water standards
for irrigation.

 
• The restoration of aquifer pressures regionally,

the localised reduction in salinity of native
groundwater for irrigation and industrial
purposes, and creation of low salinity
lenses/bubbles within saline aquifers for town
water supplies.

 

• Reducing costs of flood mitigation infrastructure
and the outflow of storm waters to the marine
environment.

 
• Reducing the high infrastructure costs

associated with mains water supply, especially
to country towns, and the development of
economically viable alternatives where
traditional water supply is impractical or
unavailable.

 
• The reduction in the usage of mains water,

treated to drinking water standards, for
irrigation.

 
• Developing strategies for educating state and

local government in conjunctive water resource
management.

 
 Storm water is the most obvious source of surplus
surface water to be stored, but other sources (eg
treated effluent) may be considered if they conform
to health standards.
 

 1.3 THE PADDOCKS
 
 The Salisbury Council wetland site known as "The
Paddocks" (Figure 1) was developed with the long
term goal of conjunctive wetland treatment and
aquifer storage of storm water.  In 1994 Mines and
Energy South Australia (MESA) was approached to
assist in investigating the potential for ASR at this
site.  Acknowledgment is given to Mr D Elliot, Mr
C Pitman and Mr B Ormsby of Salisbury Council,
and to Mr M Brennan of MESA Drilling Services
for their support and input into the project.
 
 

 2. AQUIFER STORAGE AND
RECOVERY INVESTIGATION
 
 At The Paddocks site the first Tertiary aquifer
(T1B) was selected for investigation for the
following reasons:
 
• An injection well could be completed open hole

in aquifer T1B, reducing costs and allowing
maximum well efficiency.

 
• The depth of aquifer T2 would make drilling

and well completion costs very much greater
than for aquifer T1.
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• Shallow sand and gravel aquifers would require
screening, adding cost and loss of well
efficiency.

 
 2.1 DRILLING
 
 Well 6628-16623 (hereafter referred to as ‘this
well’ or ‘the well’) was drilled as an
exploration/injection/production well and was
completed in aquifer T1B in July 1994 (Figure 2).
A final standing water level of 9.9 m, a salinity of
1,860 mg/L and an airlift yield of 10 L/s were
recorded.  Well details are given in Appendix 1,
Table 1.
 
 The hydrogeological sequence of interest consists
of a Tertiary lime/sandstone occurring between 110
and 169 m.  This aquifer is confined by the
overlying silty clays.
 

 2.2 PRELIMINARY DISCHARGE
TESTING
 
 Step drawdown/injection (well) testing leads to the
definition of the well equation (1) for either
pumping or injection.  This equation allows the
calculation of the drawdown/injection head and the
associated well loss developed as a result of
pumping or injecting into a well at a nominated
rate.
 
 S = a Q + c Q2 + b log10 (t) Q (1)
 
 where: S = drawdown/injection head (m)
 Q = discharge/injection rate (m3/min)
 t = time (minutes)
 a,b,c = constants related to head losses
(negative for injection)
 
 The well equation may be used to accurately
calculate drawdown/injection head for
discharge/injection rates less than those of the
maximum test rate, and for times less than the test
time.  The well equation may also be used to
predict drawdowns/injection heads for higher rates
and longer times.
 

 2.2.1 Step drawdown test 24/7/94
 
 The well was step drawdown tested on 24/7/94,
results are plotted in Figure 3.  Analysis of the
results lead to the well equation.
 
 S = 48.81 Q + 1.22 Q2 + 4.76 log10 (t) Q (2)

 The well was sampled at this time for a
comprehensive set of chemical parameters defined
by the Department of Environment and Natural
Resources (DENR).  The results are given in
Appendix 2.
 
 2.3 INJECTION TESTING
 

 2.3.1 Injection test 6/6/95, wetland
water
 
 The initial injection trial commenced on 6/6/95 for a
period of 1,440 minutes at an injection rate initially
starting at 15 L/s using wetland water.  Results are
plotted in Figure 4.
 

 2.3.2 Injection test 29/9/95, mains
water
 
 The well was injection tested on 29/9/95 for a period
of 480 minutes at an injection rate of 10.7 L/s using
mains water. Results are plotted in Figure 5.
 
 2.3.3 Discussion of pre acidisation
injection testing
 
 The injection testing conducted on this well
indicated that it was not able to readily accept
injection of wetland water, or mains water,
developing heads greater than had been expected.
 
 The hydraulic behaviour indicated that:
• Injection with wetland water was 50% as

efficient as discharge.
• Injection with mains water was 70% as efficient

as discharge.
• Injection with wetland water was 75% as

efficient as injection with mains water.

It was apparent that there was a water
incompatibility issue.  As a result the well was
acidised in November 1995 to improve efficiency.

2.4 POST ACIDISATION STEP
DRAWDOWN TEST 23/11/95

Following acidisation the well was step drawdown
tested on 23/11/95.  Results are plotted in Figure 6.
Analysis of the results lead to the well equation:

S = 35.94 Q + 1.73 Q2 + 4.01 log10 (t) Q (3)

2.4.1 Comparison of pre and post
acidisation discharge behaviour
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The hydraulic behaviour indicated that the well was
25% more efficient when discharging following
acidisation.

2.5 POST ACIDISATION STAGE
INJECTION TESTS 28/11/95 -
30/11/95, MAINS WATER

The well was constant injection tested on 28/11/94
and 29/11/94 for periods of 300 minutes at injection
rates of 5 and 7.5 L/s respectively.  On 30/11/94 the
well was constant injection tested for a period of
1,440 minutes at an injection rate of 10 L/s.  Results
are plotted in Figure 7.  Analysis allows the
development of well equation for the injecting well
as:

S =  -36.12 Q - 8.82 Q2 - 4.67 log10 (t) Q (4)

2.5.1 Comparison of pre and post
acidisation injection behaviour
(mains water)

The hydraulic behaviour indicated that:
• The well was ~50% more efficient during

injection with mains water following
acidisation.

• Injection with mains water was 90% as efficient
as discharge following acidisation.

2.6 RECOVERY EFFICIENCY TEST
19/3/96

The total volume of injected water prior to recovery
efficiency testing was1.9 ML.  The well was
recovery efficiency tested on 19/3/96 for a period of
2,880 minutes resulting in the extraction of 2.2 ML.
Salinity data is plotted in Figure 8.

• This test followed a residence of 110 days since
the mains water injection.

• The initial salinity was 720 mg/L and rose in an
almost linear manner to the final value of 1,760
mg/L, still 100 mg/L below the original
groundwater salinity.

3. OPERATIONAL INJECTION
1996

Injection headworks were constructed on the site by
MESA field staff.  During injection the head was
continuously monitored by the data logger.  Flow
rates, salinity of injected water and pressure at
surface were manually recorded on a daily basis.

During injection sampling for complex chemistry of
the wetland water was undertaken three times to
satisfy the monitoring requirement of  the
Environmental Protection Authority. The results are
given in Appendix 3 and indicate that the injection
water was of a satisfactory quality.

The well was constant injection tested for 15 cycles
between 7/6/96 and 8/10/96.  The duration of the
cycles varied between 2000 and 17 000 minutes,
depending on the availability of water and
operational problems.  Backflushing was carried out
between the cycles at a rate of 15 L/s generally on a
weekly basis.

Injection test data is plotted as a continuous series in
Figure 9, and in sets of three in Figures 10 to 13.
The data logger was damaged some time prior to the
commencement of injection cycle 13 commencing
on 19/9/96 and as a result the head data has not been
included for cycles 13 to 15.

Injection heads increased between the first and fifth
cycles up to a level of -73 m.  During the following
seven cycles injection heads reduced slightly to ~-67
m.

These results may be explained by clogging as a
result of precipitation, dissolved gases, temperature
and suspended solids and occurred during the first 4
cycles (as indicated in the upward curve at the end of
the cycles).  Following this the effects of dissolution
and backflushing began to increase efficiency.  It
may be inferred that continued injection cycles may
have been sustainable without any further loss of
well efficiency.  It is possible that if dissolution is
occurring that the well efficiency may increase with
time
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3.1 COMPARISON OF INJECTION
BEHAVIOUR (MAINS & WETLAND
WATER)

The hydraulic behaviour indicated that injection with
wetland water is 60% as efficient as injection with
mains water.

4. OPERATIONAL RECOVERY
EFFICIENCY JANUARY 1997

This well was recovery tested starting on 14/1/97 for
a period of 96,000 minutes resulting in the extraction
of 76 ML.  Salinity data is plotted in Figure 14.

• This test followed a residence of 97 days since
the end of the 1996 injection.

 
• The recovery efficiency of this first cycle

indicated that:
 

• 40% was recovered with a salinity similar to
that of the injected water (~200 mg/L)

• 85% was recovered with a salinity less than
1,000 mg/L (the limit for drinking water)

• 100% was recovered with a salinity less than
1,300 mg/L (good quality for irrigation).

• It is estimated that perhaps 120% of the injected
volume would have to be pumped to raise the
salinity level to that of the original groundwater.

 
• Further cycles are expected to result in even

greater recovery efficiency.
 
• A sample analysed for faecal coliforms on

18/2/97 returned a value of 0 faecal
coliforms/100 mls.  The injection water on
24/7/96 had a value of 38 faecal coliforms/100
mls, although the two following samples on
28/89/96 and 20/9/96 returned a value of  0
faecal coliforms/100 mls.

 
 

 5. CONCLUSION AND
OPERATIONAL
RECOMMENDATIONS
 
 Work to date on well 6628-16623 confirms that an
irrigation water supply can be injected into aquifer
T1B and be stored for subsequent extraction.  This is
inspite of the high injection heads required for
injection at rates between 7 and 10 L/s.

 
 The low transmissivity assists in retarding mixing
and movement of water away from the site of the
injection well.  The recovery efficiency, following
the injection of 75 ML and a residence period of 98
days, was excellent resulting in 100% being
recovered with a salinity less than 1,300 mg/L (good
quality for irrigation).
 
 The following issues are of importance when
operating this site.
 
• Pumping should ideally be restricted so that

drawdown does not exceed the top of the aquifer
at a depth of 110 m.  A maximum long term
discharge rate of 15 L/s is recommended.

 
• The well is sensitive to suspended solids during

injection and every effort must be made to
ensure that the concentration is kept to a
minimum.  Due to the efficiency of the wetlands
in cleaning the stormwater suspended solids
may not be a problem.

 
• Injection should ideally be restricted so that

injection head does not exceed the safe injection
head above ground of -110 m, the available
injection head is then -120 m (depth to water +
safe injection head above ground). A rate of 10
L/s is probably realistic when injecting wetland
water, which results in the development of an
injection head of  ~-70 m.

 
• The specific capacity value may be used as a

measure of when the well should be
backflushed.  The specific capacity is defined as
SC =  - [Q/S]   (L/s)/m of injection head.  From
the current data it would be recommended that
when the specific capacity value falls below
~0.15 L/s/m of injection head the well should be
backflushed.

 
• Clogging (as a result of precipitation, dissolved

gases, temperature and suspended solids) may
be dominated by dissolution, which may
improve well efficiency with time.

Although limited experience with ASR exists within
Australia, South Australia has recently developed the
expertise of aquifer injection in various
hydrogeological environments.  Research and
development work undertaken indicates that ASR
will be a key conjunctive surface water and
groundwater resource management tool in the near
future.  Well construction is critical to the success of
injection, in particular where there are potential
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water compatibility clogging problems.  Wells
completed in sedimentary aquifers are more
susceptible to clogging than those completed in
fractured rock aquifers. Controlled acidisation
experiments in carbonate aquifers demonstrate  the
effectiveness of this method for enhancing well
performance.

The results of using ASR in South Australia will be
restoration of aquifer pressures, localised reduction

in salinity of groundwater where traditionally
groundwater was unsuitable for irrigation and the
creation of low salinity lenses/bubbles within saline
aquifers for town water supply.  Consequently
infrastructure costs associated with mains water
supply will be reduced, and there will be less
reliance on imported water.



THE PADDOCKS
ASR SITE

Fig. 1 Location of The Paddocks ASR site
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