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natural resources, ranging from policy leadership to orground delivery in consultation with government,
industry and communities.

High-quality science and effective monitoring provide the foundation for the successful management of
our environment and natural resources. This is achieved through undertaking appropriate research,
investigations, assessments, monitoring and evaluation.
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Landscape Boardsand the community ensures that there is continual capacity building across the sector,
and that the best skills and expertise are used to inform decision making.
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This report presents the hydrogeological evidence supporting the review and amendment of the Water
Allocation Plan (WAP) for the Southern Basins and Musgrave Prescribed Wells Areas (PWAS) on the Eyre
Peninsula. The assessment draws on longerm groundwatermonitoring, recharge investigations,
groundwater quality assessments, geophysical surveys and numerical groundwater modelling to evaluate
groundwater condition, resource capacity, water demand and future risks.

The Quaternary Limestone (QL) aquifer is the primary source of groundwater for the Eyre Peninsula,

supporting public water supply(PWS) agriculture, industry, stock and domestic use, and groundwater

dependent ecosystems (GDESs). Assessment of groundwater monitoring records indicates that many

groundwater systems have experienced declining groundwater levels, increasing salinity and reduced
storage over recent decades.

Groundwater recharge across the PWAs is highly dependent on winter rainfall. Multiple lines of evidence,
including water table fluctuation (WTF)analyses and numerical modelling, indicate that recharge has
declined substantially since the 1990s, particularly during the past decade. Recharge estimates suggest
reductions of approximately 36% in Uley South and 65% in Bramfield compared with earlieznnds.
Recharge processes are highly threshold dependent with relatively small reductions in rainfall capabld o
producing disproportionately large reductions in groundwater recharge.

Climate records show a longterm trend towards warmer and drier conditions across the Eyre Peninsula,
while climate projections indicate continued reductions in rainfall and increased temperatures. These
changes are expected to reduce recharge opportunitieand increase pressure on groundwater systems
that are already highly dependent on episodic rainfaltiriven recharge.

The results from goundwater quality monitoring, geophysical investigations and modelling indicate
increasing risks associated with saline groundwater encroachment within several coastal aquifers. These
risks include seawater intrusion, migration of saline groundwater andcalised upconing beneath
production town water supply (TWS)wells. The nature and magnitude of these risks vary between
groundwater systems but are generally associated with declining groundwater levels and reduced
freshwater storage.

Uley Wanilla and Lincoln Soutlconsumptive pools show evidence of substantial freshwater depletion,
limited recovery during recent wetter periods and increasing salinity, indicating a reduced capacity to
support ongoing consumptive use. Uley South and Bramfieldonsumptive pools remain important PWS
resources but are increasingly vulnerable to declining recharge and groundwater quality risks.

Resource capacity assessments indicate that groundwater availability is increasingly constrained in some
areas. In response, revised consumptive poololumes, updated groundwaterlevel triggers and an
adaptive management framework have beemeviewed and revisedo provide a transparent and
scientifically defensible basis for future resource management.

The findings of this report are supported by multiple independent sources of evidence, including
groundwater level monitoring, salinity monitoring, recharge investigations, hydrochemical analyses,
geophysical surveys and numerical groundwater modelling. Wk uncertainty remains regarding future
climate conditions and recharge rates, the available evidence consistently indicates that groundwater
resources across the Southern Basins and Musgrave PWAs are becoming increasingly constrained. These
findings provide the scientific basis for the resource assessments, monitoring program and adaptive
management approaches supporting implementation of the 2026 WAP.
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1.1. A2l GYt 1J

The purpose of this report is to provide technical hydrogeological advice, based on the best available
scientific information, to support the Eyre Peninsula Landscape Board (EP LB) in preparing the Water
Allocation Plan (WAP) for the Southern Basins and Musgrave Prescribed Wells Areas (PWAS).

Specifically, this report aims to:

9 assess resource capacity and provide an evidence base to inform allocation limits within the
PWASs

9 support the development of management approaches for future allocation decisions; and

1 identify groundwaterlevel trigger thresholds within consumptive pools that may inform
management responses to reduce the risk of unacceptable impacts on groundwater resources.

1.2. EHY G

The scope of the hydrogeological component of the EP WAP review includes:

9 assessing the condition of groundwater resources across athanagement areas including the
influence of recharge variability and climate conditions;

1 reviewing and quantifying current groundwater demand, including licensed and nelicensed use;
9 providing technical advice to inform

- the delineation of management areas and consumptive pools;

- the estimation of resource capacity and corresponding allocation limitsand

- the application of adaptive allocation approaches, including the use of triggers and proportional
allocation responses where appropriate

9 recommending a monitoring program that:
- supports assessment of groundwater resource condition;
- informs potential allocation variability;
- supports decision-making under variable climaticconditions; and

- enables early detection of trends indicating that management limits may be approached or
exceeded.

1.3. 7¢ Ht NI Ya Ul

Water supply across the Eyre Peninsula is sourced from a combination of local groundwater
resources and imported water from the River Murray via the MorgaWhyalla and Iron KnoltKimba
pipeline systems. Key groundwater sources include the Southern Basins PAWUley South, Uley
Wanilla, Lincoln South, and Coffin Bay)and the Musgrave PWAHIiston). These groundwater



resources have provided water of sufficient quality and quantity to support a range of uses, including
PWS agriculture, industry and domestic consumption.

The Southern Basins and Musgrave regions were proclaimed in 1987 under Water Resources Act
1976, establishing formal regulation of groundwater extraction. Water allocation planning
commenced under theWater Resources Act 199%ith the first WAPs adopted in 2000 (Southern
Basins) and 2001 (Musgrave). These were subsequently consolidated into a single plan, which
continued under transitional provisions of theNatural Resources Management Act 2004

The 2016 WAP established an adaptive management framework, whereby allocations were
determined based on groundwater storage conditions relative to defined trigger levels. This approach
was designed to respond to variability in recharge and maintain resoueccondition.

Since implementation of the 2016 WAP, groundwater levelparticularly within the Uley South Basin
have exhibited a declining trend, reflecting a combination of reduced rainfall, lower recharge and
sustained extraction. These changes have increased the risk of adverse outcomes such as seawater
intrusion and declining water quality.

The WAP has undergone a 1@ear statutory review under thed.andscape South Australia Act 2019
with the revised plan (the2026 WAR scheduled to come into effect in July 2026. Treviewdrew on
updated scientific understanding, monitoring data, and stakeholder input, andvas informed by
technical hydrogeological assessments such as those presented in this report.

For clarity, the Water Allocation Plan adopted in 2016 is referred to as tl2016 WAR and the revised
plan scheduled for implementation in July 2026 is referred to as th2026 WAR

1.4. cRt qVYI RAc O Wq!l WUIT + WY nWJ+ql ¢ Haq

Water was first reticulated on Eyre Peninsula in 1922 from the Tod Reservoir. Over the following years,
pipelines were constructed across thepeninsula to supply regional towns as fawest as Ceduna. As
demand increased, it became clear that additional sources were needed to supplement the Tod
Reservoir.

Groundwater resources were progressively added to thBWSsystem, beginning with the
commissioning of the Uley Wanilla Basin ithe 1948149 water-use year(Figure1l-1). Over the nexé
decades, several other basins were developed including: Lincoln Basin (19642), Polda Basin (1962
63), Robinson Basin for Streaky Bay (19723), Bramfield Basin for Elliston (197874), Uley South
Basin (197576) and Coffin Bay Basin (19886). In 200809, water from the River Murray was
introduced via the Iron KnobrKimba pipeline.

Figurel-1illustrates the sources and volumes of water extracted annually to meet demand and
highlights when regulation of groundwater extraction in the PWAs was first implemented. It is
important to note that data prior to the commencement of metering in 200405 may include
estimates. Notable spikes in extraction occurred irthe 1950s due to the wool boomand in the 1970s
during a livestock boom with total water supply peaking at nearly 16L. Following water restrictions
introduced in 2002 during the Millennium Drought, demand generally declined and theeemained
relatively stable over the last 15 years.

E Wi ¢ q lJIWaterlS&civify Response Plan Eyre Peninsusgates they provide 8GL/y of water
through the Eyre Peninsul&WSsystems. This water supports industry, primary production and
residential customers. While annual demand varies with seasonal conditions, it is trending upwasd
due to population growth and industrial expansion (SA Water 2024). According to the plan, primary
production accounts for the largest share of water demand (38%), followed by residential use (31%),
commercial and industrial sectors (19%)and public institutions and recreational use (12%)



(Figurel-2). This increasing demand is placing pressure on existing groundwater sources which are
becoming less sustainable under current extraction rates.

Several sources have been retired from public supply

1 Tod Reservoir was decommissioned in 2002 due to high salinity and pesticide contamination from
upstream agricultural runoff;

9 Extractions from Robinson Basin ceased in 2007 due to rising groundwater salinity with Streaky Bay
now supplied via theCeduna Pipeline and

1 AMinisterial Notice of Prohibition, which restricted the taking of water in Polda Basin, was put in
place in 2008 due to diminished water availability. In 2016, the Ministerial Notice of Prohibition was
revoked to allow for the water allocation plan to bémplemented; SA Water relinquished its water
entitlement for the basin in 2015

§2 101 W6 WWGet qWT WHET WAWE! | DWAWURUL 2 tandkrisinglsadindyldl LWt 2 GG
groundwater sources. The Southern Basins PWA, particularly the Uley South Basin, continues to
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resulted in low recharge of aquifers, ppmpting concerns about the longterm sustainability of current
groundwater extraction rates

The 2016 WAP introduced an adaptive groundwater management framework for managing authorised
extraction. Under the 2016 WAP, the consumptive pool volume was determined annually based on
groundwater storage levels which reflect rainfall and recharge conditns and account for natural and
anthropogenic discharges from the system. A reference level (based on 1993 groundwater storage)
was used to assess resource condition with allocation volumes reduced proportionally when defined
trigger thresholds were reachel.

Since implementation of the 2016 WAP, groundwater levels in the Bramfield and Sheringa
consumptive ools have generally remained above the lower storage trigger, while Polda and Uley
North have remained below the lower storage trigger for much of this pedo

The analyses presented in this report evaluate the performance of the framework established under
the 2016 WAP and provide technical information to inform the development of allocation approaches
for the 2026 WAP.
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Figure 1-2  Water demand on the Eyre Peninsula by customer segment (SA Water, 2024)



In 2025, a Risk Management and Monitoring Plan was established to manage the risk of seawater

RUql 2t RYUWRUqYWq6 WWOG ! WEYe qéW9 YUt e GqR2IWAY YO ALlWs
short-term impacts of increased extraction were deemed minimal sustained extraction beyond 2026

27 poses significant risks. The Minister approved a higher allocation with a condition requiring strict
compliance with the Risk Management and Monitoring Plan, which remains in effect for 202%5.
Non-compliance with conditions on a water licence is an offence under théandscape South

Australia Act2019.

1.5.?2 3t #l RAgRYUWYn W

The following Sections refer to the groundwater resources of th@L aquifer across both PWAs as
consumptive pools. The term consumptive pool is provided for under theandscapes South Australia
Act2019and represents a management area within a resource whereby specific management actions
are required, and volumetric limits are applied to the water which can be used for consumptive
purposes.

The term Basin refers to the broader hydrogeological system and is used when discussing
groundwater occurrence, recharge, flow systems, hydrogeological processes and groundwater
modelling. The term Lens refers to a localised groundwater body, typically cgonising fresh to potable
groundwater within the broader basin

15.1. EYe q6 131 A7 ¢t ROt LW

The Southern Basins PWA covers an area of 8kié? and comprises all or parts of the Hundreds of
Lincoln, Wanilla, Lake Wangary, Uley, Sleaford and Flindergigure1-3). The main townships near the
PWA are Port Lincoln and Coffin Bay. The land surface is predominantly undulating with elevations
ranging from sea level to approximately 20éh above Australian Height Datum (AHD).

The PWA can be described as having a topographic relief which is typical of the ancient dune systems
which formed about 100,000 years ago with coastal cliffs rising to around 148AHD. Inland, there are
generally large, enclosed depressions with elevations that are often close to sea level, while
Basement rock outcrops form topographic highs up to 200nAHD. The dunes are capped by a very

hard calcrete layer with a soil cover that is thin or absent over large areas. The groundwater resources
of the SouthernBasins PWA are found within the Quaternary Bridgewater Formation sedimentary
aquifer, the Tertiary SandgTS)sedimentary aquifer and the Basement fractured rock aquifer.

There are limited surface water resources because of the permeable nature of the dune landscape
which readily absorbs most of the rainfall. The few surface water features that do persist include
Sleaford Mere, apermanent saline lake which is the surface expression of the regional watéaible,

and Big Swamp and Little Swamp which are ephemeral lakes which generally contain brackish water
derived from surface water flows originating in catchments predominantly external to the PWA. The
overall water regime of both Big and Little Swamps isoh considered to be primarily dependent on
groundwater. However, both swamps contribute water to the regional groundwater system during
periods of overflow. Red gum communities adjcent to Big and Little Swamps are likely to be
dependent on the shallow groundwater, especially during dry periods.
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The Musgrave PWA spans an area of approximately 3,58%2 and comprises the Hundreds of Colton,
Talia, Tinline, Squire, Ward, Hudd, Kappawanta, Blesing, Way, Pearce and Haig. The PWA
encompasses the townships of Elliston and Bramfield. Elevations range from sea level to
approximately 248mAHD at Mount WedgdFigurel-4).

The PWA features a varied landscape shaped by both coastal and inland geomorphic processes.
Topographically, the Musgrave PWA is underlain largely by coastal dune systems, part of the
Quaternary Bridgewater Formation, which are geologically and geomorphdaiccally similar to those
found in the Southern Basins PWA.

These coastal dunes form prominent northisouth aligned ridges and interdunal depressions,
particularly along the western fringe, where Lake Newland, Salt Lake, Middle Lake and other
ephemeral lakes occupy lowerlying areas. These interdunal wetlands repremnt areas where the
shallow watertable intersects the land surface forming seasonal or permanent wetland systems that
receive local surface runoff and are directly connected to underlying aquifers.

Inland, the terrain transitions to gently undulating plains and low hills. These areas include local
depressions that host wetland features such as Lake Hamilton and Sheringa Lagoon, which also
reflect where the shallow watertable intersects the land surface The elevation gradient from inland
areastowards the coast influences the regional direction of groundwater flow, supporting natural
discharge zones in the western part of the PWA.

The predominant land use is extensive stock grazing, although some cropping is also practised in
areas where soil depth, fertility and extent are suitable. This pattern is particularly visible in the more
cleared eastern portions of the PWA.
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The Eyre Peninsula experiences a Mediterranean climate characterised by cool, wet winters and hot,
dry summers.Rainfall generally decreases from south to north, with th@orth-west partsinland areas
exhibiting semtarid conditions (URPS2025). Annual rainfall across Eyre Peninsula is generally higher
in the coastal areas than inland Meanannual rainfall varies from approximately 350nm in the north-
west of the Musgrave PWA to around ®&mm in the Southern Basins PWA (DEW 2082).

Climate data for the study area are available from a number &oM rainfall and weather stations with
record lengths varying considerably between stations. Weather stations have been used to
characterise temperature trends, while rainfall stations have been used for rainfall analyses and
calculation of cumulative departure from mean rainfall, as they generally provide longer and more
complete records. For the analyses presented in Section 4, rainfall stations were selected based on
their proximity to the relevant consumptive pools and the availability of long, contimus rainfall
records. The locations of the selected rainfall and weather stations are shown figurel-3 and
Figurel-4.

NGWUW7el DeeaWYnW~PWaqlYIl YayYn! gt Wo2823)sHowslihat¢hB Eyrec 0 0 W2 ¢ 1 R
Peninsula predominantly falls within the moderately low rainfall variability category with a variability

index ranging from 0.5 to 0.758oMet al. 2019. The rainfall variability index quantifies the degree to

which annual rainfall varies from year to year and is derived from the statistical relationship between

the standard deviation and mean of longerm annual rainfall records. An index of 0.5 to 0.75 dicates

that annual rainfall across the Eyre Peninsula has historically been relatively consistent compared

with more inland regions of Australia, where rainfall variability is considerably higher. However,

seasonal analyses reveal a more complex pattern.

From 1989 to 2018, rainfall patterns reveal a noticeable decline in autumn and spring rainfall,
particularly around locations like Kyancutta and Port Lincoln, while winter rainfall remains moderately
reliable (Figure2-1). Summer rainfall is the least dependable, displaying erratic patterns and limited
consistency. The timing of the autumn break, defined as receiving XBm of rain over3 days, varies
across the peninsula occurring in early May in the south, late May to early June in central areas, and
as late as July in the north. This break has slightly shifted over the years, appearing later in northern
regions and earlier in some coastal zones (Bokt al. 2019).

In 2019, the Eyre Peninsula experienced significantly beleaverage annual rainfall, consistent with it
being South Australia's driest year on record. A shoiterm recovery in rainfall occurred between 2020
and 2022, during which the highest rainfall totals were generally recorded in the spring season. In
2023 and 2024, the Eyre Peninsula experienced rainfall patins consistent with longerterm declining
trends, particularly in autumn and spring, very much belowaverage rainfall conditions (BoM 2025).
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Figure 2-1  Rainfall reliability maps for Eyre Peninsula (BoMet al. 2019)

The Eyre Peninsula experiencesiean annual maximum temperatures of 18 to 27°C andnean

summer maximum temperatures of 21 to 33°C. A significant increase in the number of days exceeding
38°C has been recorded over the pas2 decades. From 2004 to 2024, BM weather stations 018070
Port Lincoln and 018192 North Shields recorded mean of 5 days per year above 38°C, compared to a
mean of 2 days per year between 1974 and 2003. AbB/ station 018044 Kyancutta, thenean rose to
25 days per year between 2004 and 2024, compared with 22 days per year betweenl1anid 2003.

The highest annual total wasecorded in 2019, with 44 days exceeding 3&€ (BoM 2025). The
temperature anomaly maps for the period 199@0 2024 reveal a clear warming trend across South
Australia, including the Eyre PeninsulaRigure2-2). During the Millennium Drought (19970 2009),
temperatures were near to slightly abovehe long-term mean, compounding the impacts of reduced
rainfall. From 2013 onwards, the regiomxperienced temperatures that were consistently above the
long-term meantemperatures, with extreme heat events evident in 2013, 2014, 2016, 2019, 2020
2023 and 2024.
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Figure 2-2  South Australian historical temperature anomaly maps, 1990 to 2024 (BoM 2025)

A network of rainfall and weather stations operated by the BoM and DEW have been strategically
selected to represent rainfall distribution and temperature patterns across the Southern Basins and
Musgrave PWASsHigurel-3 and Figurel-4). These stations are used to calculate longerm means and
evaluate changes in rainfall over time.

21.EYeaqé6 Wl UW7 ¢t ROY WHAGRGEC qUWRY 0T

The Southern Basins PWA, located within the southern portion of the peninsula, generally experiences
a cooler, wetter Mediterranean climate, especially along the southern and western coastal margins.
The longterm annual rainfall totals (1971to 2024) based on Big Swamp and Westmere rainfall

stations range from 370 to 87Gnm/y with a longterm mean annual rainfall of 555 and 556nm
respectively. There is a ponounced wet winter period between May and August during which mean
monthly rainfall exceeds mean manthly potential evaporation.

The longterm trends for Big Swamp and Westmere show a significant downward trend in annual
rainfall, particularly over the past2 decades. In 2024, total annual rainfall at Big Swamp was recorded
at 401 mm, representing a 28% decline (154nm) below the longterm mean of 555mm/y (Figure2-3).
Similarly, Westmere recorded 39Imm, which is 30%(165 mm) below the long-term mean of

556 mm/y age Figure2-4).
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Figure 2-4 BoM 181371 Westmere annual rainfall compared to the long -term mean

Climate pattern shifts are shown by the cumulative deviation rainfall chart for Westmere station
(Figure2-5). Thischart presents the relationship between annual rainfall trends and longerm climate
variability overtime. The blue bars represent annual rainfall (1906 to 2024), while the orange line
shows how rainfall has deviated from the longerm mean over time. An upward trend represents a
period where rainfall was above the longerm mean rainfall and a downward trend indicates a drier
than-average period. From the early 1900s to around the miti950s, rainfall was relatively stable but
often fell below the longterm mean. A marked increase in rainfall occurred from the 1960s through
the 1980s with this period contributing to a significant rise in the cumulative deviation, indicating
wetter than average conditions. Following a peak around the eary990s, there is a notable downward
trend in the cumulative deviation, indicating a shift to drier conditions in recent decades. The decline
aligns with welldocumented dry periods in Southern Australia, including the Millennium Drought
(1997 to 20009).
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Figure 2-5  Annual rainfall and cumulative deviation from the mean annual rainfall for BoM
station 18137 T Westmere

Since there is no continuous temperature record at a single station within the Southern Basins dating
back to the early 2@h century, data from Port Lincoln (Station 018070are used up to 1992, and North
Shields (Station 018192) thereafter. North Shields is located approximate®/km north-north-east of
Port Lincoln. Between 1910 and 1980Higure2-6), maximum temperatures remained relatively stable.
However, from the mid1990s onward at NorthShields, there is a clear upward trend in maximum
temperatures. This warming pattern closely coincides with a decline in annual rainfall over the same
period, indicating a shifttowards hotter and drier conditions. However, caution is required when
interpreting long-term trends as the temperature record comprises data from two stations with
different locations and potentially different microclimatic influences.
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Figure2-6  Annual mean maximum temperature for BoM 18070 Port Lincoln and 018192 North
Shields climate monitoring stations
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The Musgrave PWA, located in the northern inland portion of the Eyre Peninsula, is characterised by a
semi-arid climate typically with hot, dry summers and mild, wet winters. Annual rainfall based on
Elliston and Terrah Winds rainfall stations ranges frord18 to 641mm/y with a longterm (1971to
2024)mean annual rainfall of 424 and370 mm respectively Figure2-7) and (Figure2-8). Rainfall is
predominantly winter-dominant, while summers are typically hot and dry and winters are mild and
wetter. Due to the arid conditions, recharge events are sporadic and often limited, generally occurring
only after extreme rainfall events or epiedic wet years. Mean monthly rainfall exceeds mean monthly
potential evaporation only in June and July.

The longterm trend for both Elliston (Figure2-7) and Terrah WindgFigure2-8) shows a significant
downward trend in annual rainfall, particularly over the pas® decades. In 2024, total annual rainfall
at Elliston was recorded at 303nm, representing a 29% decline (12inm) from the longterm mean of
424 mm/y. Terrah Winds recorded 316nm, which is a 15% decline (54nm) from the longterm mean
of 370mmly.

Climate pattern shifts are shown by the cumulative deviation rainfall chart for Elliston, covering the
period 1882 to 2024 Figure2-9). The blue bars represent yearly rainfatbtals while the orange line
shows the cumulative deviation from the longterm mean annual rainfall over time An upward trend
indicates a period when annual rainfall was generally above the lopgrm mean, whereas a
downward trend indicates drierthan-average conditions.Between the 1880s and late 1950s, rainfall
patterns exhibited pronounced variability with frequent belowaverage years indicating a period of
fluctuating but generally drier conditions.A notable upward trend in the cumulative deviation from the
mean was observed from the 1950s to the mid 980s, indicating a sustained period of aboveaverage
rainfall and a shifttowards wetter climatic conditions. From the late 1980s onward, the cumulative
deviation shows a gradual and consistent decline, marking a transition to drier conditions that
continues into recent decades. Although a brief recovery occurred in the early 1990swhas
subsequently followed by a sustained decline that coincided with the onset of the Millennium
Drought.
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Figure 2-7  BoM 18069t Elliston annual rainfall compared to the long -term mean
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Figure 2-9  Annual rainfall and cumulative deviation from mean annual rainfall for BoM station
18069 Elliston

The annualmean maximum temperature data from the 018044 Kyancutta weather station show a
long-term increasing trend in annual maximum temperatures from 1931 to 202ZF{gure2-10). Earlier
decades (1930s to 1970s) experienced relatively stable temperatures around 24 to 25°C with some
year-to-year variability. However, from the late 1990s onward, a noticeable warming trend is evident
with several of the hottest years on record occrring in the 2000s and 2010s. The rise in maximum
temperature during recent decades aligns with broader climate change observations and likely
contributes to increased evaporation and reduced water availability.
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Figure 2-10 Annual mean maximum temperature for BoM 018044 Kyancutta climate monitoring
station
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Groundwater systems in the Eyre Peninsula are highly vulnerable to impacts of climate variability due
to their reliance on localised winter rainfall for recharge. These unconfine@Quaternary Limestone QL)
aquifers lack significant surface water inputs and are therefore sensitive to changes in rainfall and
temperature (Green et al. 2012).

Projections for the Eyre Peninsula by 205@ased onthe high-emissions scenario that is
Representative Concentration Pathway (RCP) 8.5), indicate annual rainfall will decrease by 5 t010%
compared to the 1994 to 2023nean, with northern areas seeing larger drops in summer and autumn,
and southern areas in spring (My Climate Vie®025). Meantemperatures will rise and the number of
hot days will increase across all locations.These changes will be accompanied by greater yedo-
year variability, leading tamore frequent dry years and fewer heavy rainfall even{&reen et al. 2012).

In addition, the hydrological modellingconducted by the (Green et al. 2012) highlights the nelimear
relationship between rainfall and recharge: even small reductions in rainfall can lead to
disproportionately large declines in recharge as drier conditions often fail to meet the infiltration
threshold (Figure2-11). These modelling smulations suggest that by 2070, recharge could decline by
up to 49% in the Musgrave PWA and 47% in the Southern Basins PWA with a 10% drop in rainfall
potentially causing a >30% reduction in recharge due to increased evapotranspiration and reduced
water surplus.

The reliability of recharge is also expected to deteriorate. Undénese future climate scenarios, the
frequency of low recharge years (below the 2@ percentile) may increase by up to 200%, while high
recharge years (above the 8 percentile) could decrease by up to 70%. This shift signals a transition
from relatively stable recharge patterns to prolonged drought conditions, placing cumulative stress on
groundwater systems.

Investigations byDEW(2026a) focused on the BramfieldConsumptive Poolto estimate potential
changes inQL aquifer groundwater levels under projected climate changeGroundwaterlevel
responses to future climate change were evaluated using the Hydrograph Analysis: Rainfall and Time
Trends (HARTT) modelling framework. Three global climate models were assessed, comprising two
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from the South Australian Climate Ready dataset and one from the NARCIiM 1.5 dataset, under both
RCP 4.5 and RCP 8.8mission scenarios.

Results indicate a significant decline in watetable depth with median projections ranging from a
decline in watertable depth of 0.8 to 8 mby 2065 Figure2-12).
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Figure 2-11 Changes in modelled recharge for changes in rainfall in the Musgrave PWA
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Figure 2-12 Hydrograph projection for monitoring station WADO31 including the 10 th, 50th and
90th percentile rainfall datasets

Building on this,DEW (2026bYeveloped a groundwater flow model to further assess the risk of
aquifer drying and seawater intrusion in the Bramfiel@€onsumptive Pool Based on NARCIiM 2.0
projections, an average 14% decline in rainfall by 2050 is anticipated. WhilNVSand irrigation wells
are expected to remain viable under current conditions, stock and domestic wells are more
vulnerable. Anecdotal evidence suggests that a number of noficenced wells have lost access to
groundwater in recent yeardue todeclining groundwater levels

In addition to reduced availability, groundwater quality is also at risk. Lower wateéables may lead to
seawater intrusion particularly in coastal margins such as Coffin Bay, Uley South, Lincoln Basins and
the Bramfield resource.

16



2.4. A 1IN R YWD G MNIRaHE RiU N

The Eyre Peninsula forms part of the Gawler Craton, a major tectonic province in South Australia. The
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most complete geological records in South Australia. The oldest rock units, part of the Sleaford
Complex, are of Late Archaean to Early Proterozoic age (2,700 to 2,300lion years ago (Ma). The
craton has remained tectonically stable since approximately 1,45Ma. Over the last one million
years, widespread deposits of aeolian dune sands, alluvial silts and sands, conglomeratesd
calcareous crusts formed a thin but persistent surface veneer across much of the peninsul&érkeret

al. 1985).
Table2-1  Stratigraphy and lithological characteristic of Eyre Peninsula
. Age . . . .
Period o Environment Sediment/rock type  Geological Unit
(million years)

Quaternary Uptol Wwind Limestone Bridgewater
deposited Formation
dunes
(aeolian)

Tertiary 30to 40 Rivers and Sands and clays Wanilla Formation
lakes (fluvial) and Poelpena

Formation

Jurassic 150to 200 Rivers and Sands and clays Polda Formation

lakes (fluvial)

(carbonaceous)

Early Proterozoic = 1,700to 2,000 Basement Quartzite, gneiss, Hutchison Group
schist, iron and Lincoln
formation, marble, Complex
granite gneissand
amphibolite

Archean 2,300t0 2,700 Basement Gneissand granite Sleaford Complex

gneiss
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A scientific understanding of the hydrogeology of the PWAs has been derived frdmmain sources:
1 DFW(2011),

1 Stewart et al. (2012)

1 Stewart(2013), and

1 DEW (2024).

3.1. heRNIJI

Groundwater resources within the PWAs of the Eyre Peninsula are primarily hosteddimain aquifers:
Quaternary Limestone (QL);Tertiary Sands (TS)Jurassic sedimentary and Basement fractured rock

aquifers. Among these, theQL aquifer is the most significant in both the Southern Basins and

Musgrave PWAs as it contains low salinity to brackish watdéecause of effective recharge from

RUART DUqWl ¢ RUNcOGAWs 6RAGWRY Weaqal RA2 qUT WaVYWad W 1IN
the limestone. Thefreshwater resources stored in theQL aquifer are critical to the longterm water

security of the Eyre Peninsula water supply.

3.1.1. A2 ¢ qll U¢ | ! dhre RNIH Y U I W

TheQLaquifer (Bridgewater Formation) forms a generally thin layer over the older Tertiary sediments
and is continuous across both PWAs. The limestone consists of sarsize shell fragments, calcareous
algae fragments and quartz grains that were deposited as Ige barrier dunes on ancient shorelines
during the Pleistocene era when sea levels were higher than today. These sediments are known to be
over 130m thick in parts of the Uley South Basin. Windblown sand sheets form extensive layers
extending inland fromthe coast. The Bridgewater Formation varies from consolidated to
unconsolidated across its extent, with karstic features occurring commonly throughout.Surface-
solution features such as sink holes are ubiquitous and enhance rainfall recharge via preferential

flow.

The majority of groundwater extractions from within the PWAs are from ti@gL aquifer (see Sectiong).
Groundwater salinities range between 400 and 800 mg/L, and well yields are generally high, ranging
between 5 and50 L/s.

Maps of theQL aquifer watertable elevations indicate 2 predominant groundwater flow directions
within the Southern Basins PWA: a west to norttvesterly trend; and a west to southwesterly trend
(Figure3-1). In contrast, groundwater in the Musgrave PWA predominantly flows in a west to south
westerly trend (Figure3-2). In both instances, groundwater ultimately discharges to the sea
supporting nearshore marine ecosystems Hydrochemical evidence indicates that groundwater in
the QLaquifer in the Uley South Basin is less than 3fears old (Love et al1994).

The saturated thickness and porosity of th&L aquifer; and, hence the amount of groundwater stored
within the aquifer, varies spatially throughout the prescribed areagFigure3-3 and Figure3-4).
Generally, the saturated thickness is small in the areas of highest elevation, which are furthest inland
(for example, the Lincoln North and Polda Basins), but increasdswards the coast. There are
considerable areas over which the saturated thickness is less than 1@ suggesinglow robustness of
these aquifers when compared to many of the groundwater systems across South Australia. TQé&
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aquifer saturated thickness can also vary rapidly over time as the watéable fluctuates in response to
rainfall.

TheQLaquifer has been subdivided into discrete basins which contain significant volumes of
groundwater in storage. These basins are separated by areas where Q& aquifer is dry or has a very
small, saturated thickness (which would result in poor connectivitybetween the thicker saturated
basins).

3.1.2.NJ1 qR¢ I ! WE¢ UT + We hue Rn I

The Baquifer extends over most of the PWAs and consists of unconsolidated finéo medium-
grained quartz sand, silt and clay. The Wanilla Formation forms thESaquifer in the Southern Basins
PWA and consists of finegrained to gravelly fluvial sands and clays interbedded with variable
thicknesses of silty carbonaceous clay at its base. It generally infills troughs in the underlying
Basement surface and has a maximum thickness of around 8. Groundwater salinities range
between 500 and 7,500mg/L and well yields are generally less than 0.5/s.

The Poelpena Formation forms th@ Saquifer in the Musgrave PWA and consists of poorly sorted, fine
to coarse-grained quartz sand, silt and clay. The formation has a highly variable thickness but
commonly exceeds 100m in the eastern part of the Musgrave PWA. Salinities range between 240 and
35,000 mg/L with well yields averaging about 1/s.

TheTSaquifer is generally separated from the overlyin@L aquifer by low permeability confining

layers. Within the Musgrave PWA, clays at the top of tloelpenaFormation act as a confining layer
between the sand layers and the overlyin@L aquifer. Within the Southern Basins PWA, the Uley
Formation confining layer is a sequence of sandy clay and clayey sands that separates the underlying
sand aquifer from the overlyingQL aquifer. These formations are observed to be absent in some areas
within both PWAs Where the overlying Quaternary sequence is absent or dry, th&aquifer can

contain the watertable.

Hydrochemical evidence indicates groundwater in thel Saquifer is generally older than 3%ears and
perhaps is of the order of 3,000 to 6,500 years old (Harrington et al. 2006).

313.s2l ¢t t RAEWE uea RnIJl

The Jurassic aquifer occurs primarily in the east of the Musgrave PWA in a deep ®asist trending
trough that occurs below the Tertiary sediments. It consists of fingrained sands, sandstone and
conglomerate of the Polda Formation that is up to 861 thick. Groundwater salinities within this
sequence are high, ranging between 30,000 and 50,000g/L.

The Jurassic aquifer does not occur in the Southern Basins PWA.
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Figure 3-1

Indicative groundwater flow directions for the Quaternary Limestone
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Figure 3-2

Indicative groundwater flow directions for the
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Figure 3-4  Saturated thickness of the Quaternary Limestone aquifer in the Musgrave PWA
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There aretwo broad groups of Basement aquifers. The Hutchison Group comprises a basal quartzite
sequence, which is overlain by carbonate, banded iron formation, amphibolite and schist (all of which
are subject to mineral exploration). The Hutchison Group is comprisedf crystalline rocks of mainly
very low permeability. However, during th& ertiary weathering process, local solution cavities formed
near the surface in some of the carbonate rocks (marble and calcsilicate gneisSEPNRMB2016;
Stewart et al. 2012)

Rocks of the Lincoln Complex and Sleaford Complex consist mainly of very low permeability granite,
granite gneiss and amphibolite. Although there are limited data, hydrochemical evidence indicates that
Basement groundwater is generally older than 35 yeafsnaybe older than 1,000 years), and salinities
range between 500 and 30,000ng/L EPNRMB016).

These Basement fractured rock aquifers typically show irregular yields and salinities that are difficult to
predict due to the highly variable nature of the joints and fractures that control groundwater mixing and
movement. The Basement aquifer around Green Pelh (immediately north-west of the Southern Basins

PWA) has been developed for irrigation purposes, although the volumes extracted are likely to be low.

3.2. heRNJI W WYE6c¢! NIWe Ul W Rt H#GE ¢ |

Recharge and discharge processes provide inputs and outputs to the groundwater systems. These
processes occur naturally where recharge to aquifers can occur from rainfall and surface water
Discharge from aquifers can occur by evapotranspiration, lateral flow to the sea and discharge to
surface water features such as swamps and wetlands. Human activities can also contribute to these
processes, through managed aquifer recharge schemes or extrédon by pumping from wells (including
extraction PWS.

Natural groundwater discharge processes generally occur continuouslywhereasgroundwater
recharge is quite variable ast is primarily controlled by rainfall duration and intensity, the nature of the
soil profile, and the underlying geologyFreezeand Cherry 1979) Vegetation is also understood to be
significant for recharge and discharge processes in terms of interception of rainfall by the leaf canopy
and transpiration of water in the soil profile or shallow watetable by the root system.

Groundwater level trends give an indication of the state of the balance between the discharge
processes and the variable recharge inputs from rainfall. Groundwater level declines indicate that
discharges from the aquifer (which may also include extractionare higher than the recharge entering
the aquifer. Conversely, groundwater level rises are observed when recharge exceeds the groundwater
discharge processes.

In general, systems without extraction tend to remain in steady state (that is, lofgrm groundwater
levels remain static with only seasonal variations observed). However, within th@L aquifers of the
Southern Basins and Musgrave PWAgroundwater level declines are commonly observed in areas
where no extraction occurs.Thisindicates that, over the period of observation, recharge has been
insufficient to offset ongoing natural discharge from the aquifer

321 Az2c¢qlll Ucl ! W heRNIJI W WHEC! NI

Hydrogeological assessments have shown that th€@L aquifer, which is either exposed or covered by
thin soils, readily receives recharge from rainfall. Its groundwater levels are strongly influenced by
seasonal rainfall and recharge dynamics. Karst features such as sinkholes, visible in surface geology,
act as preferential pathways for infiltration (Ordens et al. 2011; Somaratne et al. 2018), and high
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transmissivity values from aquifer tests suggest extensive secondary porosity such as fractures and
dissolution features (Sibenaler1976; Watkins et al. 2015).

As there is no evidence of regional scale lateral inflows from other nearby aquifers outside the
prescribed areas, it can be concluded that the main groundwater resources within the Southern Basins
and Musgrave PWAs are dependent on recharge from local méll as their main input, which is also the

predominant control on groundwater levels.A [J H & ¢ | 013 WY 17 L& GROJIMI qLd BIMLE q 6
EYaq6lJl OwW7c¢t ROt WA

Groundwater recharge has been extensively investigated in the Uley South Basin with high variability in
estimated recharge rates. Estimated recharge rates range from less than 25m/yr to more than

240 mm/y (Table3-1). Much of this variability is due to the natural spatial and temporal variability in
recharge. However, the method applied to estimate recharge is also likely to influence the result. In
summarising recharge in the Uley South Basin in the 2016 Water Alldzan Plan for the Southern

Basins and Musgravd®W4As, the Eyre Peninsula Natural Resources Management Board (EPNRMB)
(2016) gave a recharge rate of 128m/y based on the work of Ordens et al. (2011), noting that the then
stable groundwater levels could not be sustained with lower recharge rategiventhe extraction rate of

H P A MMpér year (Stewar2013).

Table3-1  Summary of recharge rates in the Uley South Basin.

Study Method Recharge rate (mmly)
Sibenaler (1976) Recharge is 10% of rainfall 55

Barnett (1978) Hydrograph analysis 105

Evans (1997) Chloride mass balance 63.6 to 70.5
Evans (1997) Water table fluctuation 46

Evans (1997) Water balance 78

Evans (1997) Flow net analysis 157

Evans (1997) CFC 25 to 200
Ordens et al. (2012) Chloride mass balance 52 to 63
Ordens et al. (2012) Water table fluctuation 47 to 129
Green et al. (2012) Unsaturated zone modelling 57 to 153
Ordenset al. (2014) Unsaturated zone modelling 0to 240

Chloride mass balance (accounting 69 to 73

Bresciani et al. (2014) for chloride deposition)

EPNRMB (2016) Summary of existing methods 129

Figure3-5 shows hydrographs spanning 200% 2024 for daily groundwater level trends fomonitoring
wells ULE135 and ULE196, alongside monthly rainfall data from the nearby Cooroona Water Hole
pluviometer (Station A5121034), located within the Uley South Basin. Both groundwater hydrographs
demonstrate a clear seasonal pattern with groundwater level peaks typally occurring between May
and October each year, following the winter rainfall period (Jurt® August). These wet season months
correspond with recharge events when rainfall is sufficient to infiltrate the unsaturated zone and raise
the watertable.

Conversely, the lowest groundwater levelsthat is, troughs) are generally observed during January to
April, coinciding with late summer and early autumn, when rainfall is minimal and evapotranspiration is
highest. While groundwater levels show rises following periods of increased rainfall, the magnitude of
these responses varies through time, indicating that recharge processes are not solely controlled by
rainfall totals. Over the 15year period, both wells exhibit a gradual londgerm decline in groundwater
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levels, particularly evident from 2013 onwards, reflecting the effects of belovaverage rainfall years and
potential sustained groundwater extraction.

According to the calibrated transient groundwater model developed by DEW, the lortgrm mean
rechargeacross the model domain from 1961 to 2024 isstimated at 89 mm/y, while the mean
rechargeover the last decade (2015 to 2024) has declined to 58m/y (DEW2020b). This figure masks
considerable spatial heterogeneity. Areas underlain by deep carbonate sands, particularglong the
western margins of the basin, experience the highest recharge rates, reaching up to 1s8/y. These
zones are characterized by rimimal vegetation and highly permeable soils which promote rapid
infiltration of rainfall. In contrast, the central basinT composed largely of shallow calcareous soils over
calcrete T experiences moderate recharge, averagingpproximately 84 mm/y. Meanwhile, recharge is
lowest or effectively absent in regions covered by dense mallee woodland, particularly in the eastern
basin, where evapotranspiration exceeds precipitation. These areas contribute little to recharge due to
the water uptakeby deep-rooted vegetation and the limited infiltration capacity of soils (Swaffe2017;
Allison et al. 1985).
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Figure 3-5 Uley South groundwater level and rainfall correlation
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Groundwater recharge in the Musgrave Basin PWA has been investigated through ktiegm monitoring

and modelling. A hydrograph from observation well SQR101, located in Polda, alongside monthly

rainfall data from the Polda pluviometer (Station A0211001),dlt q| ¢ qJWag 6 IJWe hue R 131 Kt LI
events (Figure3-6). This hydrograph shows strong agreement between data logger and manual

measurements, confirming data reliability. Groundwater levels generally decline when monthly rainfall

is below 50 mm, while rainfall exceeding60 mm often results in a rise in the groundwater table, typically

with a onemonth lag. However, not all rainfall above 6@nm/month triggers recharge, likely due to low

rainfall intensity.

Earlier studies suggested that recharge in the Polda area only occurs when monthly rainfall exceeds
60 mm between May and October. Since PWS extraction from the Polda lens ceased in 2008, observed
groundwater level fluctuations are likely driven by naturalecharge and discharge processes.
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Recharge estimates in the Bramfield area were reported by Love et al. (1994) using the chloride mass
balance method, ranging from 15 t&/8 mm/y (mean 31 mm/y). Additional estimates using theWater
Table Fluctuation (WTF) methodvith specific yields of 0.1 to 0.3) suggest recharge rates of 130 to

151 mmly in 2 wells, though theseresults were considered less reliablethan the chlorine mass balance
method. The authors also noted that recharge is most likely when monthly rainfall exceeds 6tm.

As part of the National Water Grid Fund proje¢cEnsuring water security, economic prosperity and
nature positive outcomes for Elliston, Eyre Peninsulanvestigations are being undertakerto better
understand the relationship between rainfall and groundwater recharge within the Bramfield area in the
context of a changing climate. The Commonwealth Scientific and Industrial Research Organisation
(CSIRO) is leading the work, which includes italling an underground drip water monitoring network to
identify rainfall recharge thresholds and conducting hydrochemical and environmental tracer analysis
to estimate recharge rates.

Results from these investigations to date, indicate a range ofmean annual recharge estimates
depending on method and conceptual assumptions. Tritiuraderived estimates range from
approximately 15 to 25mm/y assuming saturated flow, increasing to 15 to 65nm/y when combined
unsaturated and saturated flow processes are consideredEstimates derived from
dichlorodifluoromethane (CFC-12) range from 2 to 24mm/y, while chloride mass balance yields
recharge estimates of 16 to 33nm/y. Rainfallrrecharge thresholds identified from isotope sampling
indicate that a minimum threshold of approximately 40mm/month may trigger localised, low
magnitude recharge to the lens, whereas broader, more effective recharge across the lens typically
occurs when monthly rainfall reaches approximately 60mm or higher {Taylor et al. 2026. Collectively,
these multiple lines of evidence suggest contemporary mean annual recharge rates are most likely
within the range of approximately 5 to 3@nm/y, reflecting the influence of recent drierclimatic
conditions and the episodic nature of recharge in the Bramfield lensTaylor et al. 2026).

Recent transient modelling by DEW (2026b) for the Bramfield area estimates recharge across the model
domain ranging from 0.1 to 6mm/y. Recharge zones were delineated based on soil type, vegetation
coverand depth togroundwater with initial rates informed by groundwater level fluctuations and

rainfall correlations. These were calibrated against historical estimates (Love et al. 1994) to achieve a
good model fit. Recharge is applied seasonally from May to October, when raafiftypically exceeds
evapotranspiration and watertable rises are observed.

Themean recharge for the baseline period of 1965 to 1994 is 2dm/y and over the full modelling period
(1965 to 2024), the longerm mean recharge is 19mm/y. However, in the most recent decade (2015 to
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2024), themean recharge has declined significantly to 7.8nm/y with values ranging from 0.1 to
32mmly. These findings are consistent with the Uley Soutimodelling by DEW (DEW 2021b; DEW
2023n, c) and highlight a significant decline in recharge over the past decade, reinforcing the need for
adaptive groundwater management strategies in the Musgrave Basin PWA.

The Bramfield Basin is likely connected to other saturated areas of the Musgrave PWA,; howetee
main inflow to the QL aquifer is rainfall recharge. Recharge to th@L aquifer is reliant upon annual
rainfall but with a high degree of spatial and temporal variability. Higher recharge (>16tm/y) may
occur preferentially through karst features, while lower recharge (<1&im/y) is expected in areas
covered by native vegetation.
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Recharge to theT Saquifer is limited due to confinement by clay layers. Where the clay is thin or absent,
vertical leakage from the overlying)L aquifer may occur. In the Uley South Basirgroundwater isotope
and chemistry datasuggest thatrecharge to theTSaquifer occurs primarily via lateral inflow from
upgradient areas and downward leakage from th@L aquifer in the Uley Wanilla lens (Evans 1997;
Harrington et al. 2006). Groundwater levels in th& Saquifer downgradient of Uley East Basin have
remained stable, while those downgradient of Uley Wanilla Basin have declined since the mitB80s.
This decline correlates with fallingQL aquifer levels, suggesting reduced recharge from®Lto TSaquifer

in that area.

Evidence from Dowie and Love (1996) suggests that improvementsTisaquifer salinity during aquifer
tests may result from leakage through preferential flow paths, rather than uniform clay permeability.
Hydrochemical data in the Bramfield area, using Piper plots, show similar water quality ranges in both
aquifers, reinforcing the conceptual model ofQL-derived recharge to ther Saquifer (DEW 2026b). In
addition, stable isotope analysis shows thatQL and TSgroundwater types plot near the Adelaide
metearic water line, indicating rapid recharge with minimal evapotranspiration. This supports the idea
that QL aquifer recharge occurs after significant rainfall eventand TSaquifer recharge follows via
downward leakage.

Overall, theTSaquifer receives limited but episodic recharge, primarily via leakage from th@L aquifer,
with spatial variability influenced by geology, vegetatiomand rainfall intensity.
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Given the high groundwater salinity of the Jurassic aquifer, its depth below the ground surface and the
fact there is no known outcrop of Jurassic sediments, it is highly unlikely that any significant recharge
has occurred to this aquifer in modern times.

326.7¢t Wacke &I W IHEGC ! NI

Recharge to the Basement aquifer is likely to occur in areas wheBasement rocks are exposed at the
ground surface or example,in the hills around Green Patch or north of Big Swamp). The recharge rate
is a function of the degree of fracturing, the composition of the rock, and the presence of any
impermeable clayey weathered zone at the surface. In addition, it is possible that soe vertical leakage
from overlying aquifers may also occur. Because of the limited areas of outcrop, inputs to this aquifer
on a regional scale are not likely to vary greatly over time.
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Longterm assessment of groundwater resources within the Southern Basins and MusgraiP&VAs
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aquifers. Consequent impacts include rising groundwater salinity and reductions in overall

groundwater storage.

To address uncertainty regarding potential climate change, declining rainfall and rising salinity, targeted
investigations have been undertaken in the Uley South, Uley Wanilla, Lincoln South, Coffin Bay and
Bramfield Basins, including:

1 amulti-model approach commissioned by SA Water to simulate groundwater flow and seawater
intrusion in the Uley South Basin and to support future supply planning (DEW 2020b, 2021b, 2021c,
2023b, 2023c, and 2024). A recent postaudit (DEW 2024) confirmed the model is fit for ongoing
use. This modelling effort built on previous field and modelling studieand incorporated new data
collected during the investigation. The mulimodel framework helps address both conceptual and
parameter uncertainty, providinga robust basis for future supply planning

9 aproject jointly funded by the Australian Government (via the National Water Grid Fund) and the
EYeqdélWl 2t ql ¢caRcUW] Y21 UG NWU0qWaqRqda T WhEUt 21 RUNLWS ¢ q
GYt ROR2UWYe qAYG It Wn VYl WEGGRY qVY U kersYsiainabiltyoliftesHR U L= M=
groundwater resources within the Bramfield area under changlng climate conditions and increasing
TWGeUT Wel? El WEMZZHAb IOWNS W gqal ! WnYHet 3t WYUWaq6 W 13t
water-dependent ecosystems andlicenced and nonlicensed users,

i aninvestigation undertaken in 2024 to assess the current state and condition of the groundwater
resources that comprise the Uley Wanilla and Lincoln South consumptive pools. It also evaluated
their capacity to sustaingroundwater-dependent ecosystem (GDE9 and further groundwater
extractions into the future (DEW 2024d); and

9 recent geophysical studies in Coffin Bayinvolvingreprocessed airborne electromagnetic (AEM) data
(Munday et al. 2024) and surface geophysics conducted in April 2025 (Munday et al. 202@hjch
have provided valuable insights into the extent and dynamics of the freshwater lens within tigL
aquifer.

Below is a summary of trends in rainfallgroundwater levels, salinity and the volumes of water
extracted for licenced purposes from the various groundwater resources within the PWAs. Locality
maps are includedwith accompanying graphs presenting: rainfall data from the closest BoM station
with available longterm rainfall data; groundwater level measurements from the existing observation
well network; and extraction data from licensed water users within the consumptive pool. Rainfall
trends are representedby the cumulative deviation frommean annual rainfall. An upward slope of the
cumulative deviation line indicates a period of aboveaverage rainfall whilst a downward slope
indicates a period of belowaverage rainfall.

The groundwater level and salinity rankings presented in this section were determined in accordance
with the methodology described in DEW (2024e) which is the current approach applied by DEW for
water resource assessments across all PWAs in South Australia

The followingsections refer to the groundwater resources of th€)L aquifer across both PWAs as
consumptive pools. The term consumptive pool is provided for under theandscape South Australia
Act2019and represents a management area within a resource whereby specific management actions
are required, and volumetric limits are applied to the water which can be used for consumptive
purposes. A map of the management areas for each PWA can be foundriigure5-1 and Figure5-2.
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Groundwater trends in the Coffin BayConsumptive Poolhave been assessed by correlating rainfall data
from BoM station 018017 Port Lincoln (Big Swamp), groundwater level measurements from the existing
observation well network, and extraction data from licensed water use within the pool. The hydrograph
(Figure4-2) presents the longterm interactions between climate variability, extraction pressures and
aquifer response over time with monitoring locations shown ifrigure4-1.

Over the past decade, groundwater levels in the Coffin Bay Consumptive Po&igure4-2 and

Figure4-3) have remained relatively stable, as observed ithe data fromwells LKWO038 and LKWO027.

N6 Rt Wt q¢ HRGRq! WRY WI Rt JG! W 2W0WaqYWa6JWs Jadt kWHYCEH q¢
proximity to the ocean and are less sensitive to fluctuations in rainfall or extraction volumes.

Groundwater extraction data indicate historical peaks in the late 1990s to early 2000s, followed by a
marked reduction in extraction volumes. While allocation volumes have remained relatively stable, this
decline reflects changes in water management and spply arrangements during and following the
Millennium Drought. Groundwater extraction did not return to predrought levels after conditions
improved.

In 2019, SA Water constructed a pipeline connecting Coffin Bay township to the Eyre South system,
providing supplementary supply during periods of elevated demand and reducing reliance on local
extraction. Licensed groundwater extraction in 202824 was118 ML, representing a 12.4% increase
from 105ML in 202223.

Salinity monitoring data collected between 2014 and 2024 indicate mixed but generally increasing
trends across the Coffin Bay Consumptive PooHigure4-4). Between 2016 and 2024, salinity increased
at rates of approximately 0.3% to 1.0% perearwith a median annual increase of 0.6%, indicating a
gradual decline in groundwater quality.

In 2024, salinity concentrations within theQL aquifer ranged from 355 to 1177 mg/L, demonstrating
notable spatial variability. The most significant increases occur in monitoring wells closest to the PWS
wellfield (for example, LKW039, LKW040 and SA Water production wells). In contrast, wells located
between the extraction area and the coastlinefor example, LKW037, LKW042 and LKW043) show little
to no increasing trend. Timeseries data Figure4-4) indicate moderate variability around a relatively
stable long-term mean.

This spatial distribution indicates that salinity increases are localised and associated with groundwater
extraction, rather than representing regionaiscale seawater intrusion.
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Figure4-1 Location map for monitoring wells and public water supply wells for Coffin Bay
Consumptive Pool
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Figure 4-2  Groundwater level, rainfall and extraction trends for the Coffin Bay Consumptive
Pool
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Figure 4-3  Coffin Bay historical groundwater level ranking s for selected monitoring wells with
good historical records

These observations are consistent with earlier findings (Ward 2009), which identified elevated salinity
(HL1,000 mg/Ltotal dissolved solids (TDS in deeper groundwater near the wellfieldfor example in
LKWO040 at approximately 50n below sea level), demonstrating the proximity of the saline interface.
Ward (2009) also showed that concentrated pumping resulted in progressive salinity increases and
eventual failure of a productionwell due to upconing This confirmsthe sensitivity of groundwater
salinity to localised extraction pressures.Recent geophysical investigations provide clear evidence that
upconing of underlying saline groundwater is the primary risk to the Coffin Bay resour@dunday et al.
2024, 2025.

Reprocessed TEMPEST AEM data and new stationary transient electromagnetic (STEM) surveys
(Munday et al. 2024, 2025)ndicate that the seawaterrfreshwater interface extends several kilometres
inland and is elevated beneath the PWS wellfield with vertical displacement exceeding 3@ relative to
surrounding areas Figure4-5 and Figure4-6). Conductivitytdepth sections and model outputs
(Figure4-5, Figure4-6 and Figure4-7) further indicate uplift of the interface beneath areas of
concentrated groundwater extraction.

These datasets demonstrate that:

9 the interface is shallow beneath thePWSwellfield ;

9 itis responding to groundwater extractionand

9 localised upconing is occurring near production wells.

While additional wells and redistribution of pumping since 2009 have reduced localised drawdown,
most ground electromagnetic (EM) data indicate that the interface continues to rise beneath the
wellfield, confirming ongoing sensitivity to extraction.

Accordingly, the dominant risk to the Coffin BaConsumptive Poolis localised saltwater upconing

driven by groundwater extraction, rather than regional seawater intrusion. This risk is highest in areas of
concentrated extraction near the PWS wellfield and is reflected in observed salinity increases in
adjacent monitoring wells.

Upconing remains an operationally controllable risk that can be managed through:
9 reducing extraction rates at individual wells

1 distributing extraction across a broader wellfield footprint and

1 optimising pumping regimes to minimise localised drawdown.

Overall, the latest geophysical data confirm that the Coffin Bay system remains highly responsive to
extraction pressures, and continued management of extraction distribution will be critical to
maintaining groundwater quality.
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Figure 4-4  Representative salinity graphs for monitoring wells in the Quaternary Limestone
aquifer in the Coffin Bay Consumptive Pool with 10-year salinity trends.
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Groundwater trends in the Uley NorthConsumptive Poolhave been assessed by correlating rainfall

data from the BoM station 018017 Port Lincoln (Big Swamp), groundwater level measurements from the
existing observation well network, and extraction data from licensed water use within the pool
(Figure4-8). The hydrograph for Uley Nort@onsumptive Pool(Figure4-9) presents the longterm
interactions between climate variability, extraction pressures and aquifer response over time.

Over the past 20 years, groundwater levels have varied in the Uley North Consumptive P&ad(re4-9)
with changes ranging from a decline of 1.1#n to a rise of 1.03m and a median decline of approximately
0.4m. ULEO0179 demonstrates a dynamic hydrological response with groundwater levels closely
aligned with rainfall variability Figure4-9). This is particularly evident in the correlation with the
cumulative deviation from the mean rainfall trend, where peaks and troughs igroundwater levels
correspond with wet and dry climatic periodsrespectively, indicating a direct rainfaltrrecharge
relationship.

A longterm declining trend in groundwater levels is evident in mosnonitoring wells (Figure4-10 and
Figure4-11). In 2024, reduced standing water levels (RSWL) in 10 out of 13 monitoring wells (77%) in the
Quaternary aquifer remained classified adelow average or lower. ULE183 has experienced a gradual
decline in groundwater levels beginning in the 1990s, following a relatively sharp decline period during
the late 1960s through the 1980s. This change in downward trend may be influenced by factors such as
changes in groundwater extraction, land use or recharge conditions.

Extraction volumes appear to follow a similar pattern to rainfall variability, indicating a strong
relationship between climatic conditions and extraction rates. Periods of low rainfall often coincide
with reduced extraction, while the peak in 2014 aligng/ith a phase of relatively higher rainfall.
However, a significant reduction in pumping is observed in the years that followed with no licenced
extraction reported since 2019.
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Figure 4-11 Groundwater level hydrographs for representative monitoring wells in Uley North

Only one well(ULE183)s currently monitored for salinity in the Uley North area. This well has shown a
consistent increase in salinity levels, rising from 78Ing/L in 2009 to 1,138ng/L in 2024(Figure4-12).
The Uley Wanilla Consumptive Pool, located within the Uley North Consumptive Pool, also exhibits an
increasing trend in salinity and is detailed in thé&ection4.1.3.
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Figure 4-12 Uley North Consumptive Pool salinity with 10-year trend
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The Uley WanillaBasin was the first groundwater basin to be developed in 1949 after recognition that
q6IWNYT WAR21IJI WAt I 2YRI Ws ¢t WRUt ennRARWVUqUqY LW 2 GG
from Uley WanillaBasinhave been decreasing steadily since 1993 with marked reductions from 2008.
Extraction in 20232024 was 12ML, lower than the extracted volume in 20222023.

Groundwater trends in the Uley Wanill&Consumptive Poolhave been assessed by correlating rainfall
data from BoM station 018017 Port Lincoln (Big Swamp), groundwater level measurements from the
existing observation well network, and extraction data from licensed water use within the pool
(Figure4-13). The hydrograph for Uley Wanill&@onsumptive Poolpresents the longterm interactions
between climate variability, extraction pressures and aquifer response over timd-{gure4-14).

However, since around 2010, rates of extraction in the Uley Wanilla Basin have been consistently low
(DEW 2024) allowing for a clearer expression of the relationship between rainfall and the
corresponding response in groundwater levels.

From 2010 to 2016, a period of mostly abovaverage rainfall, groundwater level recovery was observed
in most Uley Wanillamonitoring wells. In the period 2017 to 2019, annual rainfall was beloaverage

and a rapid decline in groundwater levels was observed. Annual rainfall in 2020 and 2022 was above
averageand yet recovery in groundwater levels is not apparent in mogtonitoring wells. These
observations of somewhat inconsistent responses suggesthere the groundwater level response to
rainfall may have danged over time.Potential explanationsinclude leading to reduced recharge,

and/or prolonged dry conditions altering unsaturated zone hydraulic behaviour, thereby reducing the
effectiveness of recharge pathways. Further investigation is required to test these hypotheses.

By means of analogy, a highly parameterised numerical groundwater model of Uley South, Knowling
and Werner(2015) demonstrated that between 1978 and 2012, groundwater extraction contributed to
aquifer depletion at rates 1.4 to 2.9 times greater than climate impacts. These findings were broadly
confirmed by modellingundertaken by DEW(DEW 202®). Given the similarities between Uley South
and Uley Wanillar both karstic limestone systems in the same climatic and physiographic setting it is
possible that historical extractions have also driven groundwater level declines in the Uley Wanilla
Basin.
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Figure 4-14 Groundwater level, rainfall and extraction trends for Uley Wanilla Consumptive Pool
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Monitoring wellswith long-term records for example, ULEOO7, ULE034) show very large groundwater
level declines of around 8m which strongly suggests the risk of detrimental impacts to local GDE$of
example, Wanilla River red guntcommunities) has been increasing with time (EPNRMB, 2016). The
status of the median groundwater level of all Uley Wanilla Basin groundwater resouroeonitoring wells
¢t WARKWUOWEHEDG et + Rn RIJKdisecitivelyéam dv¥rihilpetice J0id ta 2004 YDEW
2020a, 20213, 2022, 2023a). Similar groundwater level trends have been observed in Uley South (DEW
2024f) Figure4-15and Figure4-16).
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Figure 4-15 Uley Wanilla historical groundwater level rankings for selected monitoring wells with
good historical records

Figure 4-16 Groundwater level hydrographs for representative monitoring wells in Uley Wanilla
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