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Figure 27. Tertiary Clay absence buffers for 5ML and 10ML extraction rates for the Musgrave PWA 
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3. VARIANCE OF ANNUAL ALLOCATIONS 

In an unbundled water resource, water allocations are obtained through a water access entitlement 
which is the ongoing right to a share of the consumptive pool. While the share of the consumptive pool 
remains constant over the life of the WAP, the value of the share may be subject to variation which 
could be linked to the resource condition of a particular consumptive pool. In the case of the saturated 
Quaternary Limestone aquifer consumptive pools within the Southern Basins and Musgrave PWAs, this 
is to be achieved through analysing the change in storage (or aquifer saturation thickness) on an annual 
basis using recent monitoring data in combination with the Aquaveo™ Arc Hydro Groundwater model. 

After the initial shares of the resource have been issued to licensees, their water allocations will be 
varied annually depending on changes in the amount of groundwater stored in the aquifer. The 
assessment of the level of storage (expressed as a percentage compared to a baseline) for each recharge 
area will be undertaken after the groundwater level monitoring is carried out in April of each year, 
which will then determine any changes to allocations for the next water use year commencing in June.  

This methodology allows for changes in the aerial extent of the aquifer to be considered when varying 
allocations, not just the saturated thickness. This is particularly important for areas such as Uley South 
where the known maximum aerial extent of saturation is significantly larger than that observed in 2011. 

3.1. AQUIFER STORAGE BASELINE 
In order to vary allocations annually based on the assessed level of storage of the resource, a baseline 
status was required to be defined, because although allocations could be varied on the resource 
condition from one year to the next, this approach would not identify when the resources were 
becoming more stressed, and would just result in continual declines in allocations over time. A baseline 
was required to set triggers for change and to identify a storage trigger which would result in the 
complete cessation of pumping when the resource sustainability was threatened. 

Choosing a baseline when water levels were at their highest historical levels would not be appropriate 
as it does not take into account the recent climatic conditions which have generally been drier than that 
observed historically. Alternatively, choosing the April 2011 aquifer storage as the baseline (Stewart, 
Alcoe and Risby 2012) was not feasible as it could potentially lead to increases in allocations in very wet 
years to volumes greater than the initial allocation set out for licensees at the adoption of the revised 
WAP.  

It was considered that the past 20 years provides a reasonable period over which to consider the 
climatic conditions to be typical. Consequently, the baseline should be set as the year in which water 
levels were highest since 1992. Analysis of 46 observation wells across the Southern Basins PWA for the 
Quaternary Limestone aquifer indicated that the majority of wells observed the highest water level for 
the past 20 years in 1993. Therefore the saturated thickness of the aquifer for April (autumn) of 1993 is 
considered to be the aquifer storage baseline. April was chosen as it represents the time of year when 
water levels are likely to be at their lowest elevation after summer and the irrigation season, but prior to 
any significant recharge occurring. This is a precautionary approach to ensure water is not allocated 
without taking into account the seasonal declines that are observed due to the natural discharge from 
aquifers.  
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3.2. SCENARIO TESTING – LEVEL OF STORAGE 
In order to determine appropriate triggers and rates of change in storage, the variability in the level of 
storage of the lenses and brackish areas needed to be considered. Therefore scenario testing to 
calculate the changes in storage over the past 10 years was undertaken. 

3.2.1. METHODOLOGY  
For the scenario testing to indicate a representative change from one year to the next, it was important 
to ensure that the inputs to the Arc Hydro model were consistent for each year. Given that the base of 
the Quaternary Limestone aquifer (top of the Tertiary Clay aquitard) will not change over time, it was 
important to ensure that the wells from which the water level rasters were interpolated were the same 
for every year of analysis. 

Water level data for 1993 and the period 2000-2012 were extracted from Obswell for both PWAs for the 
autumn period (March – May). Any wells that had missing data for the autumn period in any single year 
were removed from the analysis. This resulted in a set of wells that had a water level reading for the 
autumn period for 1993 and each year from 2000-2012. April data was used where available and if not, 
either March or May data was used (Figures 28 and 29). 

In both PWAs, there was insufficient monitoring undertaken in the autumn of 2006 for this analysis and 
therefore the 2006 storage data has been omitted from this analysis. There was also insufficient 
monitoring for this analysis in autumn of 2001 in the Southern Basins PWA and therefore there are no 
storage calculations for the Southern Basins PWA consumptive pools for this year.  

As discussed previously, the modelling extent has been bound by the maximum historical saturated 
extent to account for future aerial expansion of the lenses and brackish areas. In order to observe the 
changes to the level of storage for the individual lenses, the modelling was completed at the lens level 
and then can be scaled up to the consumptive pool level as required. Figures 28 and 29 display the 
domains for which the modelling was conducted, and the wells used for analysis in the Southern Basins 
and Musgrave PWA respectively. Note that the Lincoln North area was not modelled due to limited data. 
There were also a number of lenses for which geovolumes could not be created because the spatial 
extent of the lens was too small in relation to the pixel size of the raster. This occurred for the Pantania 
and Mikira lenses in the Southern Basins PWA and in the Polda East A, Polda East B, Tinline and Talia 
East lenses in the Musgrave PWA. Due to the limited size of the Talia East lens, the volume of the Polda 
brackish area which surrounds the Talia East lens could also not be calculated. 

Arc Hydro Groundwater was used to create 3-D geovolume features for each lens and brackish area 
(modelled area) for each year, which resulted in a volume calculation. 

The 1993 storage volumes were taken to represent the aquifer storage baseline. The volumes for each 
modelled area that were calculated for the years of 2000-2012 were able to be compared with the 1993 
volumes to determine the level of storage for each year in relation to the baseline. The scenario testing 
is a limited by the number of wells used and the data available to define the extent of saturation and 
fresh water lenses. The scenario testing is provided for testing purposes only and is not to be considered 
an indication of the likely changes to the level of storage that may be observed in the future.  

3.2.2. RESULTS 
Table 24 indicates the level of storage for each modelled area for each applicable year. In addition, it 
indicates the minimum and maximum level of storage for each modelled area. It can be seen that the 
minimum level of storage occurs in different years in different modelled areas. It generally occurs in 
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2009 with a few lenses experiencing the minimum in either 2008 or 2010. An exception to this is the 
Uley South lens and Uley South brackish area which experienced the minimum level of storage in 2000. 

The level of storage in some lenses varies significantly over the scenario testing period, for example the 
Polda lens varies between 48 and 75%, with a maximum variation in one year of 13.5%. In contrast, 
other lenses remain fairly stable throughout the scenario testing period, for example the Coffin Bay A 
lens only varies from 98 to 99% with a maximum variation in one year of 0.58%. However this may be 
limited by the number of monitoring points available within Coffin Bay A for use in the scenario testing 
and their limited aerial extent within the lens. Additionally, the Coffin Bay A lens is known to be in 
connection the ocean which allows for buffering of the variation in water level when compared to 
aquifers further inland. 

The scenario testing indicates that the Musgrave PWA modelled areas show significantly greater 
variation over the scenario testing period than those of the Southern Basins PWA, with the exception of 
the Uley East A lens. Again this could be due to the fact that a number of Southern Basins lenses are in 
connection with the ocean and the variation in water levels may be buffered by this connection. 

The variability of the level of storage of the Uley East A lens could be due to its close proximity to the 
edge of aquifer saturation extent which would result in it being one of the first lenses impacted if the 
extent of saturation contracted due to below average recharge and hence falling water levels. 
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Figure 28. Scenario testing wells and modelling domains for the Southern Basins PWA 



VARIANCE OF ANNUAL ALLOCATIONS 

Department of Environment, Water and Natural Resources | 56 
Additional Science Support for the Eyre Peninsula Water Allocation Plan 

 

Figure 29. Scenario testing wells and modelling domains for the Musgrave PWA
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Table 24. Level of storage for each modelled area for the Southern Basins and Musgrave PWAs 

PWA Consumptive Pool Modelled Area 

Level of Storage (%) 

1993  2000  2001  2002 2003 2004 2005 2007 2008 2009 2010 2011 2012 Min Max 

So
ut

he
rn

 B
as

in
s 

Coffin Bay  Coffin Bay A lens 100 99   99 98 99 98 99 99 99 98 99 99 98 99 

Uley Wanilla Public Water Supply Uley Wanilla lens 100 88   88 87 86 85 84 82 82 83 85 86 82 88 

Uley Wanilla brackish 100 81   81 79 78 78 75 74 73 75 78 79 73 81 

Uley North Coffin Bay B lens 100 98   98 97 97 97 97 97 97 97 97 97 97 98 

Coffin Bay C lens 100 94   94 94 93 93 92 91 91 91 93 93 91 94 

Uley East A lens 100 64   65 59 61 62 54 51 52 65 70 68 51 70 

Uley East B lens 100 92   94 92 91 92 90 89 88 91 91 91 88 94 

Uley North brackish 100 92   92 91 90 90 89 88 88 90 91 91 88 92 

Uley South Public Water Supply Uley South lens 100 87   90 89 88 87 89 89 89 91 92 92 87 92 

Uley South brackish 100 83   87 86 84 83 87 85 85 88 90 89 83 90 

Lincoln South Public Water Supply Lincoln A lens 100 94   94 93 93 92 92 91 92 92 93 93 91 94 

Lincoln B lens 100 98   98 98 98 98 98 97 98 98 98 98 97 98 

Lincoln C lens 100 95   96 96 94 94 93 93 93 93 93 93 93 96 

Lincoln South brackish 100 96   96 95 95 95 95 94 95 95 95 95 94 96 

M
us

gr
av

e 

Polda Polda lens 100 68 66 75 67 70 64 58 52 48 62 72 70 48 75 

Polda brackish+ 100 80 78 83 78 80 76 72 68 65 73 79 78 65 83 

Bramfield Bramfield lens 100 80 80 81 78 80 77 74 71 69 80 83 78 69 83 

Bramfield brackish 100 89 88 89 86 88 86 84 83 81 87 89 86 81 89 

Talia lens 100 86 85 86 83 86 83 80 77 75 82 87 87 75 87 

Sheringa Sheringa A lens 100 92 92 92 90 91 89 87 87 86 88 90 89 86 92 

Sheringa B lens 100 85 87 88 84 85 83 78 75 74 78 82 80 74 88 

Kappawanta lens  100 76 81 86 79 84 79 68 64 61 74 81 75 61 86 

Sheringa brackish 100 89 89 90 87 89 86 83 82 81 85 87 85 81 90 

+this calculation does not include the brackish component around the Talia East lens 
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3.3. TRIGGERS 
This report recommends a proportional relationship between the level of storage and the proportion of 
water available from a consumptive pool for allocation. The proportional relationship has set triggers 
that define the type of variation to water allocations that should occur. These triggers are: 

• The Upper Storage Trigger. This is defined as when the water available from a consumptive pool 
for allocation falls below 100% of that stated in the Water Allocation Plan 

• The Mid Storage Trigger. This is defined as when a variation to the rate of change to the 
percentage of water available, as a function of the rate of change in the assessed level of 
storage, will occur 

• The Lower Storage Trigger. This is defined as when the water available from a consumptive pool 
for allocation falls to 0% of that stated in the Water Allocation Plan 

It is proposed that when the level of storage for the consumptive pool is greater than the Upper Storage 
Trigger, the water available for allocation will be 100% of that stated in the WAP. 

When the status of storage falls below the Upper Storage Trigger but remains higher than the Mid 
Storage Trigger, it is proposed that the volume of water available for allocation varies by the Upper Rate 
of Change (defined in section 3.3.4) for each 1% change in the level of storage. 

When the storage level falls below the Mid Storage Trigger but remains higher than the Lower Storage 
Trigger, it is proposed that the volume of water available for allocation varies by the Lower Rate of 
Change (defined in section 3.3.5) for each 1% change in the level of storage. 

When the storage level is assessed to be equal to or less than the Lower Storage Trigger, no water will 
be available from the consumptive pool for allocation. 

Section 3.3.6 presents the triggers and rates of change for the Southern Basins and Musgrave PWA. The 
values chosen take into consideration the accessibility and environmental risks derived from the risk 
based approach to determining consumptive pools and aquifer maintenance pools (SKM 2013), the 
response of the different modelled areas to the scenario testing (specifically the variation in the level or 
storage observed) and the robustness of the lenses which fall within the consumptive pools. The defined 
triggers reflect the specific characteristics of the individual consumptive pools. 

3.3.1. UPPER STORAGE TRIGGER 
The Upper Storage Trigger was determined by considering the vulnerability of the lenses which 
constitute each consumptive pool. Lenses that are more variable have a greater susceptibility to rapid 
change or falling below critical levels with little warning. The likely degree of variability in the storage 
levels in each lens was able to be assessed throughout the scenario testing.  

If the storage level variability was high, the Upper Storage Trigger has been set at 100% indicating that 
as soon as the saturated thickness falls below the baseline value, allocations will vary by the Upper Rate 
of Change. This prevents the need to impose significant reductions on licensees’ allocations in one year 
and allows forward planning for licensees and time to source alternative water resources. 

If the scenario testing indicated that the storage level variability is moderate, the Upper Storage Trigger 
was set at 90%.  

If the scenario testing indicated that the variability is low, the Upper Storage Trigger was set at 85%. The 
criteria used to determine if the lens reflected a high, moderate or low level of storage variability can be 
seen below. Table 25 summarises the Upper Storage Trigger values for each consumptive pool.  
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Exceptions to the above are the coastal consumptive pools where up-coning or saltwater intrusion is a 
risk. In the Coffin Bay and Lincoln South Public Water Supply consumptive pools up-coning is a 
significant risk to the resource. In these consumptive pools, the fresh water portion of the aquifer is 
quite thin due to the stratification on saline water. Due to the connection with the ocean, these lenses 
are buffered from variability in the level of storage observed over the scenario testing period, however 
in order to minimise the risk of saltwater up-coning, in these cases the Upper Storage Trigger has been 
set at 95% of the baseline level. 

In the Uley South Public Water Supply consumptive pool, it is not saltwater up-coning that poses a risk 
to the resource but rather, saltwater intrusion. Saltwater intrusion is the lateral movement of saline 
water into a coastal aquifer. Monitoring of the saltwater interface has been undertaken in the Uley 
South lens and to date no movement of the interface has been observed. However, as potential 
saltwater intrusion is a risk to the resource, it should be considered when assigning triggers to the 
consumptive pool. Again due to the connection to the ocean, the variability in the level of storage over 
the scenario testing period for the Uley South lens was not significant, however due to the risk of 
saltwater intrusion a higher Upper Storage Trigger has been set. In this case the Upper Storage Trigger 
has been set at 90% in order to ensure that the volume available in the consumptive pools for 
allocations are varied as the level of storage of the resource varies, despite the lens showing very little 
variation over the scenario testing period. 

Storage Level Variability  

Low All modelled areas that make up the consumptive pool have a storage level variability over the 
scenario testing period of <10% 

Moderate One or more modelled areas that make up the consumptive pool have a storage level variability 
over the scenario testing period of more than 10% 

High One or more modelled areas that make up the consumptive pool have a storage level variability 
over the scenario testing period of more than 20% 

Table 25. Analysis to determine Upper Storage Trigger 
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s Coffin Bay  1 0 0 Low Y 95 

Uley Wanilla Public Water Supply 2 0 0 Low  85 

Uley North 4 1 0 Moderate  90 

Uley South Public Water Supply 2 0 0 Low Y 90 

Lincoln South Public Water Supply 4 0 0 Low Y 95 

M
us
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e Polda 0 1 1 High  100 

Bramfield 1 2 0 Moderate  90 

Sheringa 2 1 1 High  100 

3.3.2. LOWER STORAGE TRIGGER 
The Lower Storage Trigger was determined in two ways depending on the location of the lenses within 
the Prescribed Wells Area.  
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3.3.2.1. Inland Consumptive Pools 

For the inland consumptive pools, namely the Uley Wanilla Public Water Supply, Uley North, Polda, 
Bramfield and Sheringa consumptive pools an assessment of the aquifer robustness, which is the ratio 
between aquifer storage and recharge, was undertaken to provide an indication of the aquifer 
capability. In aquifers with a large robustness (large storage compared to recharge) there may be 
opportunities to use the aquifer storage to buffer natural variations in climate (IAH, 2004).  

For each lens in the consumptive pools listed above, a robustness assessment was undertaken. The 
storage component was calculated to be the Arc Hydro 2012 volume multiplied by the specific yield as 
outlined in Stewart, Risby & Alcoe 2012 (Table 6), and the recharge component was the 2013/14 
gazetted recharge rate multiplied by the recharge area of the lens (Table 26). To determine the 
Robustness Index the Storage was divided by the Recharge. 

Table 26. Aquifer Robustness Test for Inland Consumptive Pools 
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Uley Wanilla Public Water Supply Uley Wanilla lens 147.60 0.188 27.75 13 14.33 0.19 149 

Uley North Coffin Bay B lens 13.20 0.172 2.27 6 0.42 0.003 905 

Coffin Bay C lens 75.78 0.172 13.03 9 5.47 0.05 265 

Uley East A lens 9.57 0.188 1.80 22 5.48 0.12 15 

Uley East B lens 10.96 0.188 2.06 22 2.42 0.05 39 

M
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Polda Polda lens 80.29 0.0265 2.13 15.8 37.21 0.59 4 

Bramfield Bramfield lens 278.19 0.0135 3.76 25 99.46 2.49 2 

Talia lens 262.95 0.03 7.89 15.8 44.17 0.70 11 

Sheringa Sheringa A lens 155.44 0.0031 0.48 16.3 36.23 0.59 1 

Sheringa B lens 145.06 0.01 1.45 15.8 38.99 0.62 2 

Kappawanta lens 179.67 0.045 8.09 22 48.86 1.07 8 

While threshold values which define high and low robustness have not yet been comprehensively 
agreed upon, based on case studies outlined in the IAH report (2004) they suggest that an index of 100 
or higher indicates high robustness, whilst an index of less than 20 indicates a low robustness. Table 26 
outlines the robustness for the individual lenses, however given that the resource is to be managed on 
the consumptive pool level, the robustness also needs to be scaled to the consumptive pool level.  

For the majority of consumptive pools this is fairly straight forward given that each lens within the pool 
has a similar robustness defined. An exception to this is the Uley North consumptive pool where Coffin 
Bay B and C lenses have a high robustness, Uley East A has a low robustness and Uley East B has a 
moderate robustness. In this case, taking a precautionary approach and managing the resource to the 
lowest robustness would be the conservative approach. 

For the consumptive pools with a low robustness, it is proposed that the Lower Storage Trigger be 
equivalent to the level of storage which corresponds to the minimum water levels observed over the 
scenario testing period (2000-2012). For all lenses within the Musgrave PWA, the minimum water levels 
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observed correspond with the lowest level of storage calculated, being 2009. For lenses within the 
Southern Basins PWA the minimum water levels observed occur in 2009 which corresponds to the 
lowest level of storage calculated, with the exception of the Uley East A lens. In this case the lowest 
water levels occurred in 2008 and correspond to the minimum level of storage for that lens which was 
calculated to be 2008.  

As the triggers are applicable at the consumptive pool level, the minimum level of storage for the 
individual lenses (or Lower Storage Trigger) was required to be scaled up. If only one lens is present for a 
particular consumptive pool, the Lower Storage Trigger for that lens was applied to the whole 
consumptive pool. If multiple lenses were present in a particular consumptive pool, the average of the 
minimum level of storage for the various lenses was used to determine the Lower Storage Trigger for 
the consumptive pool (Table 27). 

Table 27. Process of up scaling the Lower Storage Trigger for each lens to the consumptive pool 

PWA Consumptive Pool 
Lens(s) used to determine consumptive pool Lower Storage 

Trigger 

Southern 
Basins 

Uley Wanilla Public Water Supply Uley Wanilla lens 

Uley North Average of Coffin Bay B and C and Uley East A and B lenses 

Musgrave 

Polda Polda lens 

Bramfield Average of Bramfield and Talia lenses 

Sheringa Average of Sheringa A and B and Kappawanta lenses  

The triggers were then rounded to the nearest whole number to attain the Lower Storage Trigger for the 
low robustness inland lenses (Table 28). 

Table 28. Inland low robustness consumptive pool 
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Uley Wanilla Public Water Supply Uley Wanilla lens 149 High High 2009 81.8 n/a n/a 

Uley North Coffin Bay B lens 905 High Low 2009 96.6 81.7 82 

Coffin Bay C lens 265 High 2009 91.1 

Uley East A lens 15 Low 2008 50.9 

Uley East B lens 39 Moderate 2009 88.3 

M
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Polda Polda lens 4 Low Low 2009 48.0 48.0 48 

Bramfield Bramfield lens 2 Low Low 2009 69.4 72.2 72 

Talia lens 11 Low 2009 75.0 

Sheringa Sheringa A lens 1 Low Low 2009 86.0 73.4 73 

Sheringa B lens 2 Low 2009 73.7 

Kappawanta lens 8 Low 2009 60.7 

For the more robust systems, namely Uley Wanilla Public Water Supply, it is thought that the Lower 
Storage Trigger could likely be less than that minimum storage observed over the scenario testing 
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period. Furthermore due to the aquifer geometries of the Polda lens, the values of the minimum water 
level observed over the scenario testing period are likely too low to maintain the aquifer on an ongoing 
basis. As such the Lower Storage Trigger for the Polda consumptive pool was required to be refined. In 
both the case of the Uley Wanilla Public Water Supply and the Polda consumptive pools it was 
determined that the Lower Storage Trigger should be equivalent to the depth at which the aquifer can 
no longer reasonably supply water for licensed purposes.  

The Thies Solution (Fetter 1994) provides a mechanism by which to calculate the maximum drawdown 
observed at 0.1 m from a pumping well for specific extraction volumes. Details of the Theis Solution and 
its associated assumptions can be seen in Stewart, Risby and Alcoe (2012).  

The maximum drawdown observed at 0.1 m from the extraction well has been calculated from the 
range of transmissivity and specific yield values specific for each consumptive pool (Table 29).  

Table 29. Transmissivity and Specific Yield values for the Uley Wanilla Public Water Supply and Polda 
consumptive pools  

PWA Consumptive Pool 
Minimum 

Sy 
Maximum 

Sy 
Minimum T 

(m2/d) 
Maximum T 

(m2/d) 

Southern Basins Uley Wanilla Public Water Supply 0.02 0.28 252 1612 
Musgrave Polda 0.00002 0.28 1370 4150 

A pumping rate of 133 kL/d (i.e. an annual allocation of 10 ML, used in its entirety and extracted 
continuously over an irrigation season of 75 days) has been assumed for the Polda consumptive pool to 
represent likely extractions required to meet irrigation demands (see section 2.1). It is assumed that in 
the future the Polda lens will not be used for the purposes of supplying water for Public Water Supply.  

A pumping rate of 597 kL/d has been assumed for the Uley Wanilla Public Water Supply consumptive 
pool, this equates to an annual extraction of 44.8 ML used in its entirety and extracted over a period of 
120 days. Within the Uley Wanilla Public Water Supply consumptive pool the maximum extraction over 
the life of the existing WAP occurred in the 2002/03 water use year with a total extraction from the lens 
of 266 ML. In 2002/03 the Uley Wanilla lens was only used in the months of November – February to 
supplement the reticulated supply and as such the extraction period has been broken down to 120 days. 
Furthermore there are 11 wells within the lens used to extract water for public water supply purposes, 
so the extraction rate requires some consideration of the management of the well field. The flow rate of 
each well in the well field is known, and by considering the maximum extraction rate of the well which 
displays the minimum saturated thickness (as this is likely to be the well which will go dry first if the 
lower storage trigger is reached) the rate of extraction could be properly considered.  

Tables 30 and 31 display the applicable maximum drawdowns likely to be observed for the specified 
extraction volumes for the Uley Wanilla Public Water Supply and Polda consumptive pools at 0.1 m from 
the extraction well. 

Table 30. Maximum drawdown (m) calculated for the Uley Wanilla Public Water Supply consumptive pool  

T (m2/d) /Sy 0.02 0.05 0.01 0.15 0.2 0.28 
252 2 2 2 2 2 2 

500 1 1 1 1 1 1 

750 1 1 1 1 1 1 

1000 1 1 1 1 1 1 

1500 0 0 0 0 0 0 

1612 0 0 0 0 0 0 
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Table 31. Maximum drawdown (m) calculated for the Polda consumptive pool 

T (m2/d) /Sy 0.00002 0.00005 0.0001 0.001 0.01 0.1 0.15 0.28 
1370 0.22 0.21 0.2 0.18 0.17 0.15 0.15 0.14 

1500 0.2 0.19 0.19 0.17 0.15 0.14 0.13 0.13 

2000 0.15 0.14 0.14 0.13 0.12 0.1 0.1 0.1 

2500 0.12 0.12 0.11 0.1 0.09 0.08 0.08 0.08 

3000 0.1 0.1 0.1 0.09 0.08 0.07 0.07 0.07 

3500 0.09 0.08 0.08 0.08 0.07 0.06 0.06 0.06 

4000 0.08 0.07 0.07 0.07 0.06 0.05 0.05 0.05 

4150 0.07 0.07 0.07 0.06 0.06 0.05 0.05 0.05 

Tables 30 and 31 indicate that the likely maximum drawdown within the aquifer at 0.1 m from an 
extraction well for the various transmissivity and specific yield values is 2 m for the Uley Wanilla Public 
Water Supply consumptive pool and 0.22 m for the Polda consumptive pool. 

To gain an understanding of the actual drawdown likely to be observed within the extraction well itself, 
the resultant maximum drawdown at 0.1 m from the well has been multiplied by a further 50%. This is 
likely an over estimate but is a conservative approach (Table 32).  

Table 32. Maximum drawdown at 0.1 m and within the well for the Uley Wanilla Public Water Supply and 
Polda consumptive pools  

PWA Consumptive Pool 
Maximum drawdown at 
0.1 m from the well (m) 

Maximum drawdown 
within the well (m) 

Southern Basins Uley Wanilla Public Water Supply 2 3 
Musgrave Polda 0.22 0.33 

Knowing the likely drawdown due to the possible extraction rates compared to the minimum saturated 
thickness observed at a licensees existing well throughout the consumptive area pool for April 2011 for 
the saturated portion of the consumptive pool, the minimum allowable saturated thickness was able to 
be determined. Assuming a consistent change in aquifer storage with changes in aquifer saturated 
thickness a minimum level of storage and hence Lower Storage Trigger was able to be determined for 
each consumptive pool (Table 33).  

Table 33. Lower Storage Trigger for Uley Wanilla Public Water Supply and Polda consumptive pools  

PWA Consumptive Pool 

Maximum 
drawdown 
within the 

well (m) 

Minimum 
saturated 
thickness 

April 2011 
(m) 

Minimum 
allowable 
saturated 

thickness (m) 

April 2011 
level of 
storage 

(%) 

Equivalent 
level of 
aquifer 

storage (m) 

Lower 
Storage 
Trigger 

Southern 
Basins 

Uley Wanilla Public 
Water Supply 

3 3.64 3 85.32 70.31 70 

Musgrave Polda 0.33 0.24 0.33 72.17 99.23 99 

3.3.2.2. Coastal Consumptive Pools 

For consumptive pools which are coastal, namely the Uley South Public Water Supply, Coffin Bay and 
Lincoln South Public Water Supply consumptive pools, the Lower Storage Trigger was determined by 
considering a critical minimum thickness of aquifer saturation which was based on mean sea level 
(0 m AHD). This is because within both the Coffin Bay and Lincoln South Public Water Supply 
consumptive pools, the water is saline below this level and effectively cannot be used for the purposes 
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of irrigation, public water supply or other licensed requirements. In Uley South, this is a precautionary 
measure to minimise the risk of saltwater intrusion. However as passive saltwater intrusion can still 
occur even if the gradient of groundwater flow is towards the ocean, it is suggested that a set of 
saltwater interface wells (refer to Section 4) are monitored regularly as a secondary trigger for the Uley 
South lens. Activation of the salinity trigger would prompt an investigation into the cause of the change 
in location of the interface prior to the Lower Storage Trigger being reached, which when reached would 
require extractions for the purposes of public water supply, which provides approximately 70% of Eyre 
Peninsula’s reticulated water supply (Zulfic, Harrington and Evans 2007), to cease.  

To determine the critical minimum thickness from which the Lower Storage Trigger can be determined 
for these coastal lenses, it was required to firstly create a raster using GIS which showed only the 
thickness of the groundwater lens above sea level. As this is a graduated thickness (e.g. in Coffin Bay the 
thickness ranged from 0 to 3 m), the area needed to be divided into different thickness bounds. Using 
GIS, the thickness contours were used to create individual polygons from which area could be 
calculated. By multiplying the area by the median value of the thickness bound (e.g. for 0-1 m, the 
median contour thickness is 0.5 m), a volume could be calculated. The area and volume of each bound 
was calculated and added, then by dividing the total volume by the total area, the average thickness of 
the lens above sea level could be calculated. A similar process was undertaken for the saline portion of 
water below 0 m AHD to determine the average thickness of the saline water. By adding the average 
thickness of the saline water to the average thickness of the fresh water, the total average thickness of 
the aquifer can be determined. The average thickness of the saline water determines the critical 
minimum thickness for the lens. By considering the level of storage for 2011 in relation to the aquifer 
thickness in 2011, the minimum level of storage could be determined by taking into consideration the 
critical minimum thickness of the lens through cross multiplication, assuming a consistent rate of change 
in level of storage and saturated thickness and rounding to the nearest percentage (Table 34).  

Table 34. Analysis to determine Lower Storage Trigger for coastal consumptive pools 
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 Coffin Bay  17.66 98.86 16.50 92.38 92 

Uley South Public Water Supply 14.51 92.35 11.13 70.88 71 

Lincoln South Public Water Supply 16.38 94.4 16.10 92.79 93 

3.3.3. MID STORAGE TRIGGER 
The Mid Storage Trigger is set as the median value between the Upper and Lower Storage Trigger 
values, generally rounded up to the nearest percentage (Table 35). 
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Table 35. Analysis to determine Mid Storage Trigger 
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Coffin Bay  95 92 93.5 94 

Uley Wanilla Public Water Supply 85 70 77.5 78 

Uley North 90 82 86 86 

Uley South Public Water Supply 90 71 80.5 81 

Lincoln South Public Water Supply 95 93 94 94 

M
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av

e Polda 100 99 99.5 99.5 

Bramfield 90 72 81 81 

Sheringa 100 73 86.5 87 

3.3.4. UPPER RATE OF CHANGE 
The Upper Rate of Change is related to the accessibility risk to the groundwater resources of the 
consumptive pool as assessed in the risk assessment (SKM, 2013). If the accessibility risk is high, the 
Upper Rate of Change is a 1% change in allocation per 1% change in the storage level. This is because 
the Upper Rate of Change relates to the change in storage between the Upper Storage Trigger and the 
Mid Storage Trigger and within this zone, there is a low likelihood that the resource will be at risk if 
water is continued to be allocated. Therefore it is considered acceptable to continue to allocate water in 
a reasonable manner to licensees and for public water supply purposes. When the accessibility risk is 
low (indicating the resource is not highly essential for licensed purposes) allocations will be varied by 
0.5% for every 1% of change in storage level (Table 36). 

Table 36. Analysis for Upper Rate of Change  
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3.3.5. LOWER RATE OF CHANGE 
The Lower Rate of Change is the rate of change required to vary the proportional relationship for each 
1% change in the level of storage between the Mid Storage Trigger and the Lower Storage Trigger which 
results in the volume of water available in the consumptive pool becoming zero (Table 37). To 
determine the Lower Rate of Change the following calculation was undertaken using the Uley South 
Public Water Supply consumptive pool as an example: 
 
Step 1: Determine the difference between the Upper Storage Trigger and the Mid Storage Trigger 
 90 - 81 = 9 
Step 2: Multiply the difference by the Upper Rate of Change to determine the percentage change in the proportional 
relationship between the Upper and Mid Storage Triggers. 
 9 x 1 = 9 
Step 3: Calculate the difference between the Mid Storage Trigger and Lower Storage Trigger 
 81 - 71 = 10 
Step 4: Subtract the percentage change in proportional relationship between the Upper and Mid Storage Triggers from 100% 
 100 - 9 = 91 
Step 5: Divide the remaining percentage available in the proportional relationship (result of step 4) by the difference between 
the Mid and Lower Storage Triggers 
 91 / 10 = 9.10 

The resultant value indicates the rate at which the variation of the proportional relationship is required 
to change by to ensure that when the Lower Storage Trigger is reached, the volume available for 
allocation from the consumptive pool equals zero. 

Table 37. Analysis for Lower Rate of Change  
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Uley Wanilla Public Water Supply 85 78 7 1 7 70 8 93 11.63 

Uley North 90 86 4 0.5 2 82 4 98 24.5 

Uley South Public Water Supply 90 81 9 1 9 71 10 91 9.1 

Lincoln South Public Water Supply 95 94 1 1 1 93 1 99 99 

M
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e Polda 100 99.5 0.5 1 0.5 99 0.5 99.5 199 

Bramfield 90 81 9 1 9 72 9 91 10.11 

Sheringa 100 87 13 0.5 6.5 73 14 93.5 6.68 

3.3.6. TRIGGERS AND RATES OF CHANGE 
The Upper Storage Trigger, Upper Rate of Change, Mid Storage Trigger, Lower Rate of Change and Lower 
Storage Trigger for the various consumptive pools of the Quaternary aquifer of the Southern Basins and 
Musgrave PWAs have been summarised in Table 38. Figures 30-37 demonstrate the proportional 
relationship for the relevant Quaternary consumptive pools. 



VARIANCE OF ANNUAL ALLOCATIONS 

Department of Environment, Water and Natural Resources | 67 
Additional Science Support for the Eyre Peninsula Water Allocation Plan 

Table 38. Proportional relationship storage triggers and rates of change for the consumptive pools of the 
Southern Basins and Musgrave PWAs 
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Figure 30. Proportional relationship for the Coffin Bay consumptive Pool 

 

Figure 31. Proportional relationship for the Uley Wanilla Public Water Supply consumptive pool 
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Figure 32. Proportional relationship for the Uley North consumptive pool 

 

Figure 33. Proportional relationship for the Uley South Public Water Supply consumptive pool 

 

Figure 34. Proportional relationship for the Lincoln South Public Water Supply consumptive pool 
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Figure 35. Proportional relationship for the Polda consumptive pool 

 

Figure 36. Proportional relationship for the Bramfield consumptive pool 

 

Figure 37. Proportional relationship for the Sheringa consumptive pool 
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3.4. POTENTIAL IMPACT TO EXISTING USERS 
Using the triggers outlined in Table 38, the potential impact to existing users was able be investigated 
using the 2012 monitoring data. The following has been calculated assuming that at the adoption of the 
revised WAP licensees will be given a water access entitlement equal to the maximum allocation 
provided throughout the life of the existing WAP excluding any additional water that may have been 
approved under a Section 128 or any other agreement. An exception to this is the Uley Wanilla Public 
Water Supply consumptive pool which would be limited to the volume of water available for licensed 
demand. This is because the volume of water available for licensed demand is less than that previously 
held on licence within this consumptive pool, as such the limit for water access entitlements should be 
consistent with the ability of the resource to meet demand. The water access entitlement would equate 
to the baseline status of 1993 storage levels and annually allocations would be varied from this 
maximum volume based on the assessed level of storage within the consumptive pool. 

As the triggers are applicable at the consumptive pool level, the level of storage for the individual lenses 
and brackish Quaternary Limestone areas from the 2012 data was required to be scaled up. As water 
level data for the brackish area is generally sparse or infrequent, it was considered that the lenses 
should be the source of the storage level for the consumptive pool. If only one lens was present for a 
particular consumptive pool, the level of storage for that lens was applied to the whole consumptive 
pool. If multiple lenses were present in a particular consumptive pool, the average of the storage level 
for the various lenses was used to determine the level of storage for the consumptive pool (Table 39). 

Table 39. Process of up scaling the level of storage for each modelled area to the consumptive pool 

PWA Consumptive Pool 
Modelled area(s) used to determine consumptive pool storage 

level 

So
ut

he
rn

 B
as

in
s Coffin Bay  Coffin Bay A lens 

Uley Wanilla Public Water Supply Uley Wanilla lens 

Uley North Average of Coffin Bay B and C and Uley East A and B lenses 

Uley South Public Water Supply Uley South lens 

Lincoln South Public Water Supply Average of Lincoln A, B and C lenses 

M
us

gr
av

e Polda Polda lens 

Bramfield Average of Bramfield and Talia lenses 

Sheringa Average of Sheringa A and B and Kappawanta lenses 

The 2012 data sourced from wells listed in the Monitoring section (Section 4) of this report were 
modelled using Arc Hydro Groundwater to provide an assessment of the 2012 level of storage. Using 
these values, licensees allocations were able to be calculated for the 2012-13 water use year and 
compared with recent extraction and the existing licensed allocation for 2012-13 determined by the 
current WAP methodology.  

The model indicated that allocations based on the proposed trigger methodology generally aligned well 
with the current 2012-13 allocations. Under the proposed mechanism for 2012-13, some licensees 
would have had slightly lower allocations (up to 8%), whilst some would have been entitled to slightly 
more water. Exceptions to this are the Polda and Sheringa consumptive pools where significant 
differences were observed. Within the Sheringa consumptive pool, the proposed triggers would result in 
licensees being allocated significantly less than they were actually allocated for 2012-13, due to the level 
of storage falling below the Mid Storage Trigger. The results also indicate the storage level for the Polda 
consumptive pool falls below the Lower Storage Trigger and consequently, allocations for 2012-13 for 
each licensee within the Polda consumptive pool would be required to reflect this if allocated under the 
proposed trigger mechanism.  
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3.5. EXCESS WATER 
It is proposed that licensees be assigned a water access entitlement equal to the maximum volume of 
water allocated throughout the life of the existing WAP excluding any water approved under Section 
128 of the NRM Act 2004 or Section 13 of the Water Resources Act 1997, with the exception of Uley 
Wanilla Public Water Supply which would be limited to the volume of water available for licensed 
demand. When this allocated volume is compared with the total volume of water available for licensed 
demand, a resultant excess water volume may exist for each consumptive pool (Table 40). The excess 
water may be available for allocation, subject to the Minister’s discretion. It is proposed that aquifer 
tests and monitoring should be carried out prior to the allocation of the excess water to ensure that no 
adverse impacts will occur to existing users, the aquifer in question, adjacent aquifers or groundwater-
dependent ecosystems.  
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Table 40. Excess water for each consumptive pool in the Southern Basins and Musgrave PWA 
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Coffin Bay  Coffin Bay A lens 29 13.82 400.7 60 160.3 0.28 0 160.0 160.0 148.9 148.9 11.1 
Uley Wanilla Public Water Supply Uley Wanilla lens 13 14.33 186.3 60 74.5 1.4 0 73.1 206.3 206.3 206.3 0 

Uley Wanilla brackish 13 25.61 332.9 60 133.2 0 0 133.2 0 
Uley North Coffin Bay B lens 6 0.42 2.5 50 1.3 0 0 1.3 694.1 0 238.7 455.4 

Coffin Bay C lens 9 5.47 49.2 50 24.6 0 0.43 24.2 0 
Uley East A lens 22 5.48 120.5 50 60.2 0 3.31 56.9 8.1 
Uley East B lens 22 2.42 53.2 50 26.6 0 0.07 26.5 188.2 

Uley North brackish 13 92.97 1208.6 50 604.3 0.56 18.49 585.2 42.4 
Uley South Public Water Supply Uley South lens 129 65.42 8439.5 30 5907.6 0 1.02 5906.6 9907.0 7249.9 7249.9 2657.1 

Uley South brackish 129 43.06 5555.3 30 3888.7 0 1.41 3887.3 0 
Uley South Tertiary Leakage 14 9.29 130.1 30 91.0 0 0 91.0 0 

Pantania lens 13 0.38 4.9 30 3.4 0 0 3.4 0 
Mikkira lens 13 2.13 27.6 30 19.3 0 0.71 18.6 0 

Lincoln South Public Water Supply Lincoln A lens 35 1.20 42.0 60 16.8 0 0.01 16.8 2125.0 0 928.6 1196.4 
Lincoln B lens 35 3.95 138.2 60 55.3 0 0 55.3 0 
Lincoln C lens 35 7.92 277.4 60 110.9 0 0 110.9 0 

Lincoln South brackish 35 138.92 4862.0 60 1944.8 1.4 1.41 1942.0 928.6 
Lincoln North       3.36 30.95 53.9 53.9 53.9 53.9 0 

Unsaturated Quaternary Limestone        1.96 0  0 0 0 0 0 
Tertiary Sand          1.12 23.02 0 0 0 0 0 

Basement          0.28 23.02 100.2 100.2 100.2 100.2 0 

M
us

gr
av

e 

Polda Polda lens 15.8 37.21 587.9 60 235.2 0.84 3.6 230.7 1812.8 23.1 697.7 1115.1 
Polda East A lens 6.8 0.07 0.5 60 0.2 0 0 0.2 0 
Polda East B lens 6.8 0.72 4.9 60 2.0 0 0 2.0 0 

Polda brackish 14.1 273.84 3861.1 60 1544.5 1.68 23.34 1519.4 674.6 
Tinline lens 17.5 3.13 54.7 60 21.9 0 0.03 21.8 0 

Talia East lens 15.8 6.15 97.1 60 38.9 0 0.24 38.6 0 
Bramfield Bramfield lens 25 99.46 2486.4 60 994.6 7.56 9.57 977.4 4708.1 1201.4 1201.4 3506.7 

Bramfield brackish 14.1 639.93 9023.0 60 3609.2 13.44 134.41 3461.3 0 
Talia lens 15.8 44.17 697.9 60 279.2 0.56 9.24 269.4 0 

Sheringa Sheringa A lens 16.3 36.23 590.5 60 236.2 0.28 0.88 235.1 3795.0 32.8 565.6 3229.4 
Sheringa B lens 15.8 38.99 616.0 60 246.4 0.28 0.58 245.5 0 

Kappawanta lens  22 48.86 1074.8 60 429.9 0 0 429.9 532.8 
Sheringa brackish 14.1 519.82 7329.4 60 2931.8 2.8 44.45 2884.5 0 

Unsaturated Quaternary Limestone         5.6 0  0 0 0 0 0 
Tertiary Sand        1.12 62.27 0 0 0 0 0 

Polda Formation        0 0  0 0 0 0 0 
Basement        0 62.27 0 0 0 0 0 
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