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Project Summary

The Limestone Coast of South Australia is a highly modified landscape with an extensiatcltosgnt

drainage system converting what was once a wetland dominated landscape into one dominated by
agricultural production. The region now has a diverse atitical sector and extensive forestry plantations
GKAOK N’ KAIKf& RSLISYRSyld 2y NBfAFOGES NIAYTLEFff
NE&2d2NODSad | 26SHSNE +a OfAYIGAO O2yRAGAZ2YyaAsanSO2YS
ground and surface water resources and consequent risks to primary production and the environment to
build a water secure future.

Achieving water security in the Limestone Coast region under a changing climate requires a more integrated
and holistic approach to water resource management. In particular, the interactions between surface water
and groundwater must be better understooguantified, and managed to balance the seasonal denmands
removing excess water from productive lands during winter while safeguarding groundeegendent
agriculture and ecosystems during summer.

¢KS G!RIFILIGFGAZ2Y 2F GKS {2dziK 9F&adSNYy 5NIAYyF3AS bSi
opportunities to improve water management in the regioincluding potential use of water in the drainage
network - to address risks to primary industd and groundwater dependent ecosystems. Delivered through

the Goyder Institute for Water Research, research teams from the CSIRO, Flinders University and the
University of South Australia have completed five separate but-twenected tasks:

1. Quantifying the value of consumptive and noonsumptive uses of water
This task assessed the value of additional water for key primary industries in the region, while also
estimating the value of water for neconsumptive uses aimed at achieving ecological outcomes.
Together, these valuations provide important context to thiNE 2 SO Q&4 K& RNRf 2 3A OF
options to manage additional available water in the region.

2. Current and future water availability
' ¢l GSNIoFflFyOS Y2RSt F2NJ 6KS NB3IA2Y Kl a 0SSy
Australian Water Resources Assessnmebandscape (AWRA model. It integrates national and
regional datasets to capture surface runoff, recharge, and soil moistdriée accounting for
seasonal dynamics and regional variability. The model enables analysis of climate change impacts
on the full water balance, providing insight into future water availability, supporting both short
and longterm water management decisions.

3. Groundwaterand wetlandmodelling
Site-specific models representing thrabmensional aquifewetland interactions have been
developed for two key groundwater dependent sites. The models test the feasibility of changing
the water distribution in the local landscape to improve ecosystenithemd mitigate impacts of
groundwater extraction. Options included redirecting / holding water back in drains, altering
surface water inflows and reducing the extent of the wetland basin with levees. The learnings from
modelling these two disparate sites will assist decisions to manage additional available water in the
region.

4. Sea water intrusion risk
The coastal area south of Mount Gambier is an area of high value irrigated agriculture and
significant karst springs where the risk of seawater intrusion is of concern for both irrigators and
environmental assets. This task set out to understand the exaedthydrodynamics of seawater
intrusion in the region with an airborne electromagnetic survey of the south coast area, undertaken
in October 2022, and construction of cressctional models to simulate seawater intrusion under
different scenarios at different regional locations. This work provides the evidential basis to build
on previous projects where reinstating wetlands by retaining water in drains appeared to effect
some control over the seawater interface.
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5. Groundwater, Ecology, Surface water and Wetland Assessment Tool (GESWAT)
To enable opportunities to improve water management to be easily identified and investigated
including the potential use of water in the drainage netwqekdynamic GIS tool (GESWAT) was
built. GESWAT brings together outputs from the other project tagkgrating them in a tool with
a range of other critical data (e.g. surface water flows, groundwater levels, and rainfall data, annual
water use and allocation data, ecological imf@tion and other standard datasets). GESWAT
provides the LC Landscape Board and its partner agencies a single platform with which to view,
compare and interrogate the diversity of hydrological and ecological information available to
inform policy and mangement decisions.

This report details results from Ta3lf the project.
Further results from this project are presented in the following reports:
Task 1

Cooper, C., Crase, L., Kandulu, J., and Subroy, V. @@@5%pation of the Soutltastern drainage system
under a changing climate Quantifying the value of different water uses and future demartésyder
Institute for Water Research Technical Report Series No. 25/2

Task 2

Gibbs, M.S., Montazeri, M., Wang, B., Crosbie, R., Yang, A. &2¢iation of the Soutitastern drainage
system under a changing climat&Vater Availability for South East Drainage AdaptatiGoyder Institute
for Water Research Technical Report Series No. 25/3

Task 3
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ExecutiveSummary

This report describes the methodology and key findings of hydrological modelling undertaken as part of Task
3 (Groundwater and wetland modellihngf the Goyder projectAdaptation of the Soutitastern drainage
system under a changing climat€he primary goal of this investigation is to develop and apply numerical
models of two important ecohydrological systerBsol Lagoomndthe Limestone Coast Landscape Board's
Karst Spring and Peat Ferestoration project(éKarst Springs Restorati@ites), located in the South East of
South Australia.

The models developed in this studye used taexamine various intervention measures aimed at improving
ecosystem health at the two sites, primarily through enhanced environmental water availdbilityanges
between surface systems and underlying aquifars important to the hydrology of these regignand
therefore, modelswere designed to simulate both surface and subsurface water movements and the
interdependencies thereof. This required novel surface wat@undwater interaction modelling
techniques andas such, a significant part of the current investigation is the development and refinement of
anew workflow which produced anodelling methodology fathe simulation ofvetland-aquiferinteractions

in the SouthEast

The modelling was preceded by an extensive literature review, vguioimarised the existing knowledge of
conditions in the study area, as well as engineering methods for intervening in the hydrology of wédlands
improve ecological conditions. The results of that revieambined with discussions with the Limestone
Coast Landscape Boaltdd to a series of potential remedial optiotisat were considered in the design of
scenarios, focussed on improving the hydrological conditions of two case study dhesSouth EasfThe
review of remedial measures and conditions in the study @amé@rmed the modelling workflowto explore
potential engineering interventions.

The modelling methodology involved the extraction of snbdels from existing regionakale three
dimensional (3D) groundwater flow models of the study area that were developed by the Department for
Environment and Water (DEW) in 2023. The regional makdatsinclude Bool Lagoon artde Karst Springs
Restoratiorsite (nearDeepCreek)within their study areas simulate the periods 1¢2021 and 19762022,
respectively. Initially, the regionakale models were converted from MODFLOW 2005 to a more recent
version, MODFLOW 6. This allowed the advanced surface water modelling capabilities of MODFLOW 6 to be
accessed, in addition to other MODFLOW upgrades, such as adaptivstéppeng. A comparison of
groundwater levels between MODFLOW 2005 and MODFLOW 6ndaated adequate correlation
between the two versions of MODFLOW, affirming the successful transition to MODFLOW 6. There were
discrepancies between one of thgarent models developed by DEW and the corresponding MODFLOW 6
model because the parent modesed the Seawater Intrusion (SWI2) package of MODFLOW, whereas the
MODFLOW 6 model did not. Justifications for those differences are offered.

Submodels of the two target areas were then extracted from the MODFL@&Yi6nalscale modelswhich
were derived from MODFLOW 2005 modaé¢veloped by DEWhe use of sunodelsreduced the spatial
extent, loweringmodel run timesand allowing for surface systems to be simathwith reasonable run times
Comparisons betweethe MODFLOW 6ubmodek and theparent MODFLOW 2005 regionstalemodek
validatedthe submodel construction methodology

The submodels were subsequently augmented to simulate wetland hydrology, requiring a larger
computational burden than the simulation of only groundwater fldqwis explicit representation of wetlands
is an advancen their implicit representatiorin the parent regional models where the latter(implicit
approach)is standardpractice in the construction ofegionalscalegroundwater management models.
Wetlands were simulatedsing the Lak@ackageandthe Water Mover package of MODFLOW 6. The Lake
packageaallows for the dynamisimulaion of surfae water bodieswherebysurface watetevekareaffected
by openwater evaporation, direct rainfall, groundwater inflows/outflows, stream inputs, disg¢harge to
downstream surface water systems. The Lake package of MODFlaldw® thewater bodyto change in
its spatial extent depth and volumgincluding a complete drying o@ind rewettingof the surface water
footprint. This is particularlygritical for the simulation of wetlandsin the study areaEach water body
simulated by the Lake package hasnifarm (horizontal) water surface elevation, and therefonestlands
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were represented bymultiple water bodieswhere spatialdifferences in thavetlandwater surface elevation
are known to occuyras observed in field data

The Water Mover package of MODFLOW 6 was applied to connect each surface water body (simulated with
the Lake package), thereby treating wetlands as multiple, connected bodies of water and providing water
surface differences between the upstream and doweamn limits of these systems (where water level
gradients in wetlands are known to exist). Other adjustments were needed to thenedels to allow for

the explicit simulation of wetlands, including parameterisation of the Lake package conductance, which
controls the interaction between wetlands and the underlying aquifer. Direct rainfall and evaporation were
also added to the model as inputs/outputs to/from wetlands. Inflows to Bool Lagoon from Mosquito Creek
were added to the nortkeastern end of the wetlad, while inflows intathe Karst Springs Restoraticite

from the Deep Creek Branch 1 Drain were included.

Of the two case studies, Bool Lagoon has an existing wetland where&sitsieSprings Restorationodel

was developed to examine the proposed remediation of a drained wetland. Field measurements of wetland
water levels and outflows to Drain M were available to assess the Bool Lagoenosigh Additionally,
existing remote sensing data were compilatlaanalysed to evaluate the inundated area of Bool Lagoon
during the period of simulation. Higlesolution satellite images were collected from Digital Ed\tistralia

(DEA) using the Water Observations from Space (WOfS) dataset and processed to allow for inundated and
dry areas to be differentiated. Temporal variations in the Bool Lagoon inundated area from remote sensing
data and from the MODFLOW 6 simulasowere then compared, albeit without seeking quantitative
measures of goodnesasf-fit. Adjustments to MODFLOW 6 input parameters (outlet invert elevation, slope

of the outlet channel, width of the outlet, and hydraulic conductivity and thickness of wetadinents)

were undertaken (manually), based on a subjective assessment of consistency, to improve the match
between model outputs and observation data (surface water levels, groundwater heads, and outflow to
Drain M).

The match between MODFLOW 6 and field data (remote sensing imagemndwater and surfacevater
levels, and stream flow data from the downstream outflow) was found to be reasorabi®ool Lagoon
Thisbuilds confidence that the wetland hydrology has been approximately reprodircéide models There

are limited data available to assess tharfacehydrology of the Karst Springs Restoration ,sited we are
simulating a new development where a wetland is bamgoduced, so it was not possible to undake a
modeHield data comparison of surface conditions at that sidthough the modelof Bool Lagoomwas
deemed to have adequately reproduced the measured hydrology of the region, the match to field data could
be improved through additional comparisons and a more rigorous calibration methodology. Fatsie
Springs Restoratiosite, we were able to reproduce the hydrogeological conditions of the regional model for
only part of the model domain because of challenges in reproducing the heads of ther®dé4R The lack

of field data in areas where the models disagree makes it difficult to ascewtsicth ofthe errors in the
original regional model anith our submodelought to be corrected through calibration

Once a reasonable match between field data and MODFLOW 6 was achieved, several scenarios were tested
to explore the potential for engineering modifications itwrease the inundated areas and deptifsBool

Lagoon. Scenario testing at Bool Lagoon focuseskoanpredictive scenarios aimed at exploring ecosystem
health improvements through changes in water management practices. These included assessing the effects
of inflow modifications, groundwater pumping restrictiorlgyee elevationadjustments,and downstream
regulator modification. Specifically, the following scenarios were run: (a) testing a 20% increase or decrease
in the discharge from Mosquito Creek to assess the impact of modified inflows; (b) modifying downstream
gates to reduce flows intDrain M(i.e.,a simple scenario was assessed whereby the outlet was effectively
blocked) (c) reducing groundwater pumping around Bool Lagoon, using buffer zones of 2 km and 5 km in
which groundwater pumping ibalted; (d) increasing the elevation of the levee between thkin Basin
(including Little Bool Lagooahd theCentral Basin(including Western Basiiy 0.2 m and 0.9 m.

The results showed thanflow modifications and groundwater pumping restrictiongused only small
changesin groundwaterheadsand surface water levels& and around Bool LagoorThe analysis of the
influence of pumping neglected wells outside the model domain, which may affect wetgoder
interactions in ways that have not been assesd@ldcking the downstream regulator led to significant
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increases in water levels, improved groundwater conditions, and an expansion afg¢heofinundation,
demonstrating the importance of thistructure. It should be reognised that blocking the downstream
regulator of Bool Lagoon is not a realistic conditibacause of the flood mitigation provision that Bool
Lagoon provides.

An increase irthe elevation of the leveeseparatingthe Main Basin(upstream of the leveejrom the
downstreamCentral Basifincluding Western Basify 020 m and 040 m) led to higher surface water levels
in the Main Basitfincluding Little Bool Lagoanyy up to 0.® m and 0.9 m, respectivelyThe water levels
of Hacks Lagoon, upstream of the Main B&mcluding Little Bool Lagogralso rose with the increased
height of the levee between Main and Central Basiater levelsin Hacks Lagoon increasddring dry
periodsbyup t00.11 m and 0.20 m for the 2n and 0.H m leveeelevationincrease scenarios, respectively.
Surprisingly, lte increasedeveeelevationenhanced wetness in the Central Ba@ircluding Western Basin)
during dry conditions, witlhighersurface water levelby as much a8.68 m and 1.12 rfor the 0.2 m and
0.40 m levee elevationncreases, respectivelyThis was a surprising outcome because it was anticipated that
the levee would cause drier conditiodewnstream of itThe increase irthe water levels othe Central Basin
(including Western Basimuring dry periods is attributed to the rise in groundwater levedsised by the
extra ponded water in the Main Bagjimcluding Little Bool Lagoankhich in turn,enhanced groundwater
inputs intoCentral Basiincluding Western Basiduring dry conditionsThis is observed in the@undwater
levels at ROB25, located in the Central Béisirluding Western Basinywhichroseby as much as 0.24 m and
0.38 mfor the 0.0 m and0.40 m leveeelevationincrease scearios, respectivelyRaising the leveproduced
surface water levels in the Central Basin that were lower during wet conditiong tiy0.21 m for the 0@

m leveeelevationincrease and 0.28 m for the @4n levee elevationincrease as a consequence of the
reduced outflows from Main Basifincluding Little Bool Lagoanyhe levees caused a reduction in the
outflows to Drain M,by up to 1.52 x 16 m3/d and 4.74 x 1G m3/d for the 020 m and 040 m leveerise
scenarios, respectively.

Forthe wetland atthe Karst Springs Restoratiagite, the scenarios were simplerhat isdifferent elevations

of the outlet structurewere testedto examine the resulting effesbn surface water and groundwater levels

in this area This wasexaminedin conunction with the addition ofevees to create ponded water ovtre
region designated for rehabilitatioddditionally, we assessed the impact of modified inflows by testing a
20% decrease in discharge from Deep Creek and a 20% reduction in rainfall into the wetli@oudbf advice

on the impacts of climate change on inflow

Altogether,sixscenarios were conductefdr the Karst Springs Restorati@ite to examine the hydrological
effects of modifying the downstream control weir crest and reducing water inputs. Raising the weir crest
from 20 m AHD ta2.5 m AHDBsignificantly increased surface water levelster volume, and the inundad

area, whereas lowering the crett 1.5 m AHDalmosteliminated the wetland. In contrast, reductions in
rainfall and inflows had minimal impacts dhe wetland surface extent and no observablesffects on
groundwaterheads The outcomes showed tharoundwater heads remained largely unchanged across all
scenarios, highlighting the limited sensitivity of the groundwater system to these interventions.

We recommend undertaking additional simulations to further explore the potential to enhande/threlogy
of the Bool Lagoon Compleicludingi(a) levee construction scenarios in Bool Lagsutch asnodifications
to the existing connection between Hacks Lagoon and Bool Lagwagnstruction of a levee throughe
middle of Bool Lagoomnda third leveewithin the lower part of Bool Lagogib) pumping of groundwater
into Bool Lagoon;cf implementation ofAquifer Storage and Recovesgheme, and ¢l) landsurface
lowering scenarioslhese scenariomay be undertaken gsart of continuing research on this topic through
PhD studies at Flinders University, with relevant outcontesbe described in susequent short
reports/memos to the Limestone Coast Landscape Board.
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1 Introduction

1.1 Background

ThelLimestone Coasif South Australids a significantly altered landscag&ehriget al., 2015%. Historically,
wetlands occupied the interdunal swales and flats with up to 53% of the region submerged during winter and
early springn wet years (Holmes and Waterhoyd€83).The onstruction of drainage channels, beginning

in 1863, has altered the landscape, so thaty about 6% of the original wetland area remain, of whi€i8%

are regarded as intact (Gehrig et,a2015). Nevertheless, the region hosts wetlands of international
significance undethe Ramsar Convention, including Bool and Hacks Lagoons, Piccaninnie Ponds, Lakes Albert
and Alexandrina, and the Coorong. A long list of other wetlands in the Limestone Coast are classified as
nationally significant according to the Directory of ImpaottaVetlands in Australia (ANC2001; Taylor

2006). The majority of wetlands in the region (77% of wetlands and 96% of the total wetland area) are highly
dependent on groundwater, which therefore plays a crucial role in maintaithiegbiodiversity of the
Limestone CoagSKM 200%).

The wetland ecosystem®f the Limestone Coadiace ongoing threats from declining groundwater leyels
which arecaused by combinatiorffects of the extensive drainage networkjroundwater extractiorand
other landuse activities thaaffectthe hydrogeology of the regiofEmith et al.2015).Groundwater is the
dominant source of freshwatdor agriculture and urban water suppiy the Limestone CoagMustafa et
al., 2012) leading to considerable extractiomhefall in groundwater levels caused by thias changedhe
hydrology of most wetlands throughout tHemestone Coastubstantially.dimate change is expected to
exacerbatethe decline in wetland®f the region(Gehriget al, 2015). Projections indicate thad reduction
of up to 42% (for the driest climatehange scenarios) in groundwater recharge may occur by. 2088 adds
to water availability challengdsr both ecosystems and agriculai(Crosbieet al., 2013.

1.2  Aims

The primary objective of this project is &mply numerical modelling tmvestigate management optiore
improve water availability foa selection ofgroundwaterdependent ecosystemi the Limestone Coast
region.Various water management interventiomsd hydrologicatonditionsare assessed in examining the
availability of environmentalvater, with the principal aim of informingargeted strategies to protect the
NBEIA2yQa ¢Sif Iy Ridpendegt RcosgsiesizyhraalantisgNtheuse of groundweer
resources for agriculterand other purposedt is expected that the conclusions about intervention measures
for the case studies adopted herein will inform the potential for intervention measures to improve wetland
health in other parts of study area. The project also develops a modelling metlgyddds wetland
investigation that can be applied to other examples where data are sufficient to parameterise the type of
model that is applied here. This project draws extensively on the advice of partrestigmators from the
Limestone Coast Landscape Board who engaged with the research team in devising water management and
modelling scenarios and assessing the resiltese exchanges led to significenbwledge gains related to
available datapotential methods formodifying management practices, atite research directiorof the
current study, which is constrained by thmits and capabilities of the modelsed to investigate the two

field sites described herein

The first objective of the current study was to review the physiography of the studyar@gossible
methods for wetland remediation that might be considered in this proj&dforts to achieve thisvere
providedby anextensive Literature Reviewhich is briefly summarised ihe current report.
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2 Literaturereview summary

Keddy (2010glefines a wetlands a distinct ecosystem that is flooded or saturated by water (fresh, brackish,
or salt water), either permanently or seasonally. Wetlands provide crucial habitat for many important species
of fauna and flora (Colvin et a2019). The wetlands that occur within modified landscapes are particularly
susceptible to impacts from human activities, given their dependence on catchment hydrological processes
and the associated discharge of water, nutrient and sediments from thewutling landscape (Leibowitz et

al., 2018). Wetlands also serve as buffers between developed areasp@pglated and agricultural areas)

and natural ecosystemand are commonly considered key indicators of regional ecosystem health (US EPA
2021).

As wetlands occur under a wide range of hydemmorphological conditions, it is important to understand

the key controlling factors in their behaviour in any attempt to improve their ecological functions. To this
end, several wetland classification systehave been developed. For example, Brinson and Malvéarez (2002)
grouped wetlands into seven classes, including depressional, riverine, mineral soil wet flats, organic soil wet
flats, estuarinedr tidal fringe), lacustrineqf lacustrine fringe), and sloge The differentiate wetlands based

on the geomorphic setting, dominant water source and the flow patterns within and surrounding the
wetland. The US Fish and Wildlife Service use the Cowardin classification B&EMN(2013whichuses

0KS ¢gSGftlyRQa fIFyRaOFILIS LRaAGAZ2Y>S @S3ASGriAirzy 020
(marine, tidal, lacustrine, palustrine and riverine). In Australia, wetlands are classified based largely on the
Ramsar Convention (DCCEEM21a), leading to three cageries of wetlands and 40 different wetland
types. These depend on such factors as the water source and hydrological regime, vegetation, water
characteristics (e.gsalinity), landscape position and geomorphology.

The main causes of wetland degradation across the glafgedevelopmentpressures, invasive species,
pollution, climate changeand changes to the natural flow regimes of catchmek&r{et Inc.2022) DEH
and DWLR2003)identified the root causes, major threats, and management issaesgwetlands across
South Australiaas: (afailure to value the functions, services and benefits of wetlapdmarily due to a
lack of societal knowledgef wetlands, (b)Lack of baseline information and integratioppsoaches (c)
Destruction of wetlanddue to theconversion to alternative usé€most commonly due to landscape drainage
or reclamation, (d) Changes to water regimef.g., drainage schemes, groundwater extraction, river
diversions, etc.), (elntroduced plant and animal specie) Pollution impacts (g) Inappropriate land use
practices, (h)Salinity and (iYOverexploitation of wetland resourcegg.g., recreational activities, aquaculture,
etc.).

Substantial wetland losses have occurred in the study Arimaestone Coagif South Australia)According
to DEH and DWLR003) less than 2% ahe permanent wetlands and 8% of the temporary wetlariat
occurredat the time of European settlement remain in tregion The main cause is thought to beductions

in flooding events (i.eflood extent and duration) due to the larggcale drainage scheme that redirsutater

to the sea (DEH and DWI2B03).The remaining wtlands in theLimestone Coastre locatedorimarily within
grazing regions (64%), widl¥o incropping regions16% in forestrareas and 4.5%n conservation and native
forest reservesOther wetlandg11.5%)pccur within noragricultural private landurban areasgolf courses,
industrial landand other crown lands (G$S2000).The variety of wetland types and settings leads to a wide
range of threats tavetland extent and conditioim the Limestone Coasincluding(GSA2000):(a) Changes
in water availability (b)Physical disturbance, including direct drainage and conversion to other land(cjses
Interception of local flows(d) Changes irthe salinity regime (e) Increasing nutrients(f) Loss of species
(plants and animals)g)Loss of connectivity to other ecosystentl) Climate change and reduced rainfall
and (i)Aquatic pest plants and animals

There are two forms dhterventions described in the literature for improving wetland ecosystem conditions
(MBWSR, 2019(a)Engineering design and construction, and atural system enhancementerhaps the
most common form of engineering interventions adopted in wetland restoration are related to the
modification of drainage system$hesenclude:

(a) Surface drainage systemlrains, channels, levees, etclnstallation, modification and/or
removal of surface drainage systenmmay target thecrosssectional areagrade, vegetation conditian
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inlet/outlet controls pumping infrastructure (e.g., lift stations)n-channel structures,and drain-
groundwater connectivity

(b) Subsurface drasgeschemesMost commonare tile-drain schemeswhich can be manipulated
to control nearsurface groundwateconditions Tile drains are perforated pipes (typically made of clay,
concrete, or plastic) installed below the ground to collect and convey excess water away from agricultural or
wetland areas. These systerhave the potential tolower the water table, whichmay prevent natural
groundwater flow from reaching wetland$herefore, he removal of tile draing the Limestone Coashay
allow wetlands taeceive higher groundwater inflow rates, or the discharge feomexistingtile drainsmay
perhapsbe redirected to servas inputs teadjacentwetlands(MGA, 2018)

(c) Wetland geomorphological changesThese include the construction of levees and outlet
structures todirect andcontrol hydologic outflowsand tocapture inflows (e.g., from springs, overland flow
flooding eventsgtc.). Excavatiorof wetland soilss also commono remove accumulated sediment in the
wetland, to enhance wetland depthamongst various other restoration purposes (e.g., removing undesired
vegetation or contaminated sail, etc.).

The ratural enhancement of wetlandsiost commonly targets plant communities, aimed maaximising
habitat benefits for native wildlife species, improviwgter quality and soil conditionsand increasing the
diversity of flora and combatting invasive speciBsis isachieved bynaximising the use of native seedbanks
andcontrolling wetland weed speciesghile accountingocal conditions
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3 Overview of the study area

This section provides a brief overview of kgylrogeologichfeatures of theLowerLimestone Coasegion
We focus ormaspects ofrelevance towetland-aquifer interaction andhe construction of wetlanehquifer
models notwithstanding that thanodel parameters adopted ithis projectwere taken almost exclusively
from the regional modelsipon which they were basedrief descriptions of the target sites for wetland
aquifer interaction modellingre also provided.

3.1 Geology

The LowerLimestone Coasis underlain by theGambierEmbayment(GE) whichis the most westerly
embayment of theOtway BasinThe GE is bounded in tmerth by the Pathaway Ridge and in theast by

the Dundas Plateguas shown in Figure Cobb and Barnettl994) indicate that the GE is bounded in the
north east by the Kanawinka Monocline, although a more recent investigation by Lawson et al. (2009)
concluded that he northern boundary of thé&Elies approximately along the Kingstd@n-Naracoorte line,
associated with a magnetic high located between Lucindale and Struan (Lawson et 3l.TRBOARE extends
offshore to the Continental SheBérnett et al, 2015; Knightet al.,2019.
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Figurel. Location of the Gambier Embayment (taken from Love et al., 1993).

Thesedimentationof the GEcommenced in thé*alaeocene to Early Eocerierming theWangerrip Group,
which containghe Pember Mudstone and the Dilwyn FormatiBarnett et al., 2015)Thelatter includes
the Tertiary Confined Sands Aquifer and the Dilwyn Clay aquitdne influences increased in tivdiddle

to Late Eocene periogdduring which the Mepunga Formation and Narrawaturk Marl wkxposited (Barnett
et al., 2015) The Gambier Limestone, which forms part of the regional unconfined aqisfeart of the
marine Heytesbury Group, which formed in the Late Eocene to Middle Miocene.

Volcanic activity during the Pleistocene epdett to remnant volcanic cores of Mt Gambier, Mt Shank and
Mt Burr (Barnett et al., 2015)ustatic sea level changesusel marine transgressions as far inland as the
Kanawinka Fauland the reworking of sedimentduring the Pleistocenenterglacial periodsluring the
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Pleistoceneled to the formation of the Bridgewater Formatiomwhich casists of aeolian calcarenite
deposited as coastal dunéBrown and Stephensori99]). These formed irstrand lines sulparallel to the
coastling(Barnett e al., 2015pat are evident in the modern topographytér-dunal areas filled with shallow
marine limestone of the Padthaway Formatjomhich a@curon top of the karstic Gambier Limestone and
with the Bridgewater Formation, add tbe regional unconfined aquifesystem (Barnett et al., 2015)

Groundwater flow withinrGEaquifers isnfluenced by significant structural features, including tloethwest
trending Kanawinka Faudindthe southtrending Tartwaup FaultFigurel).

3.2 Hydrogeology

Previous hydrogeological investigations of the study area have subdivided the stratigraphic units into two
primary groundwater flow systems: (1) Tertiary Confined Sand Aquifer (TCSA), and (2) Tertiary Limestone
Aquifer (TLA) Both systems were deposited in the Cainozoic period (66 mya to presemt)contain a
mixture of fresh and saline groundwatefhe TCSA and the TLA are separatatdoypper Tertiary Aquitard

(UTA). Morgan et al. (2015) tabulated the known hydraulic properties of the TSCA, thedTtha BITA.

The TCSA consists primarily of Dilwyn sand and clay geitsrally increasing in thickngsg to 800 m south

of Mt GambierXowards the southThe TCSA wedges out near the Padthaway Ridge and the Dundas Plateau.
It comprisesmultiple subaquifers, although it is treated as a single unit for management purposes. Most
wells only penetrate the uppermost sand uniThe occurrence and extensiveness of clay layers increases
towards the southBarnett et al., 2015)

The unconfined TLA aquifeemcompasesthe Tertiary Gambier and Murray Group Limestgnas well as
the overlaying Quaternary Padthaway antdgewater Formatios. Itvariesin thickness from being absent
to 300 m (Barnett et al., 2015¥5roundwater flow occurs mainly ithe secondary porosity caused by
karstification leading to highly variable aquifer properti€espite the karstic nature of the TLA, it is believed
that karst features do not forna significant interconnectegystem of conduits, and rather, groundwater
flow behaviour is moreomparable tantergranularflow processes (Barnett et al., 2015; Herczeg et al., 1997)

Although the UTA is thought to be a regidpaéxtensive sequencejarringtonand Lamonagne (2013)
identified several areas where leakage occuystween the TLA and TCSA. These include
Nangwarry/Tarpeena regiom, location south of Strathdowniéapproximately 33 km northeast of Mount
Gambiej, and he Lake Mundi aregapproximately 21 km east of Nangwayryove et al.(1993) and
Harrington et al. (199%Isointerpreted significant upward and downward leakage between the TLA and the
TCSA at variousler locations.

3.3 Wetlants

TheLimestone Coasegion has over 17,000 mapped wetlandwst of whicthave been substantially altered
due to the conversion of their natural state for grazing, cropping or foreatrgbecause othangego their
hydrologyfrom drainage, groundwater decline, and reduced rainfélie wetlandsf the Limestone Coast
vary widely in size, depth, permanence, water sourcalinityand connectivitywith other hydrological
features of the landscap@lthough Fass and Cook (20@bnhcluded thagroundwater input is generally o
in terms of the overall water balance loimestone Coastetlands Cook et al. (2008pund that groundwater
inputs toHonar@ Wetland,some16 km westnorth-west of Mount Gambier,auld be highly variable over
space and timeOther studies have shown a wide range of groundwater dependentiynastone Coast
wetlands (e.g.} I NRA Y 3 | y2R12Kdppertyly 20NgSnith et al., 2015.

Figure 2 showthe wetlands of thd_.imestone Coastategorised according to ttgroundwater dependence
as reported by Morgan et al. (2015) from their review of information on the South Australian Wetland
Inventory DatabaseThe dependency of wetlands on groundwater depictedrigure2 was based on a

comparison othe wetland topography versus regional groundwater heddiswevera subsequent analysis
Goyder InstituteTechnical ReporSeried Adaptation of the SouttEastern drainage systenGroundwater and wetland modelling



of wetland connectivity by Taylor et al. (2015) and others found thatpresence or absence of clogging
layers (i.e., low-hydraulic conductivity lays) plays a major role in wetlanéhquifer connectivity in the
Limestone CoasfAdditionally,several wetlands are known to depend on the discharge of springs from the
underlying limestone aquiferéncludingPiccaninnie Pond&wens Pondandthe Karst SoringsRestoration

site, which are described byarringtonand Lamontagng2013).
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Figure2. Wetlands in the South East 8buth Australiashowing groundwater dependenceken from Morgan et al.,
2015)

3.4 Case study sites

Following a series adfiteractions withresearch partners ahe Limestone Coastandscape Boardwo sites
(Bool Lagoon anthe Karst Springs Restoratiaite) were selected for targeted wetlandquifer interaction
modelling, aimed at assessing various engineering strategies for improving the conditions of watlands
those areasThe former is @nownedRamsailisted ecosystem while the latter is a proposet for wetland
rehabilitation. The two sitesrequire different types oguidancefrom the curren modelling investigation, in
terms of wetland-groundwaterinteractions and the effects giotential engineering modificationsn the
hydrology of the respective systenfagure Jorovides a locality map for the two sites.
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Figure3. (a) Locality map for twavetland sitesn the LowellLimestone Coasif South Australiashowingwetlands with
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up of Bool Lagoonwith five sub-basins identified(c) Closeip ofthe proposed wetland in th&arst Springs Restoration
area where the blueegion is the proposd wetland extentind the orangeareareflectsthe original wetland boundary
impacted by drainage, which corresponds to a zone of High EVA.

3.4.1 Booland Hackd.agoors

Bool Lagoon is situated approximaté&ly km north of Mount Gambierwhile Hacks Lagoon is immediately
upstream(to the north eas} of Bool LagoorfFigure 3)Booland Hackd.agoos (referred to as thedBool

[ 322y [irethé ké&rider Brownlow, 1997Jogether provide important seasonal wetland habitat
to a wide range ofhreatened speciesFor example, tte Bool Lagoon Complex includes a wide variety of
aguatic and serraquatic vegetation, including floatidgaved species, reeds, sedges, tussock vegetation, tall
shrubland and native grasses of high conservationevéDEH, 2006). The ecosystem provides habitat for 22
species of internationally important migratory birds, as well as vulnerable fislgttipeed Legless Lizaatd

the Southern Bell Fro@EH, 2006}or this reason e Bool Lagoon compléras been designate@Ramsar

site that is arguably the most renowned system of its type in South Austealidisconsidered an important
remnantwetlandwithin aregionthat is otherwise highly modifie(DEH, 2006)

TheBool Lagooromplexis located on an interdunal flat, inl@andscapecharacterised bjunettes which are
crescentshapedridges that form on the leeward side o$hallow lakes and depressions (DEH, 2006).
Brownlow (1997)escribal the Bool Lagoon Complex as four interlinked basins, as: Hacks Lagaion,
Basin, Central Basin and Western BdSigure3b). OthersadditionallyNS O2 3y A & S , awetfaddd £ S
located to theimmediatenorth west of the Main BasifFigure3b), as part of the Bool Lagoon Comp(e<LB,
2021). When full, the inundated area of thBool lagoonComplexis around2,530 ha (DEH, 200&nd the
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depthis 1.62.1 m (Brownlow, 1997 pnlthoughNitschke (1984) recommeeed limitingthe water level depth
to 0.8 m to avoidnundating bird breeding areas

Thetemperateclimateof Bool and Hacks Lagooteuses strong seasonalityith annual average rainfall of
550c600 mm and annual potential evaporation of 1400 miEH, 2006)Stream inputsoccurinto Hacks
Lagoon from thenorth viaMosquito CreeKFigure3b), which has a catchment area of about 1215 kihat

is mostlylocated inVictoria(Heneker, 2006 Hacks Lagoon flows into Bool Lagoon, which dischangbe
southto Drain Mvia a regulatorPriorto European settlementiHacks and Bool Lagoons were part of the
Mosquito Creekloodplain(LCLB, 2021Hacks Lagoon previdyslischarged to the north into thevaterway
that nowbecomedDrain E, which flowsINE to Jip Jip Waterhole near Marcalkdter receiving inflows also
from Naracoorte Creekwhich isnorth of the Bool Lagoon Compléxteneker, 2006DEH, 2006)n the early
1960s,Bool Lagoof @dotential to mitigate Mosquito Creek floodsas recognisedegulator gatesand flood
leveeswere added and flood waters ponded in the lagoons for the first time in 19@80squito Creek
dischargedirected into the Bool Lagoon Complex via Hacks Laggestoredwithin the Bool Lagoon Complex
to levels that are controllethrough the operation of a regulator gatonnected to Drain M, in the south
(3b) (Brawnlow, 1997) Hacks Lagoon is a sepgrmanent wetlandthat dischargeshrough a spillway
installed between Bool Lagoon and Hacks Lagaidis influenced byhe manipulation of Bool Lagoon water
levels via the outlet ragjator, albeit depending orthe inputs from Mosquito CreelBool Lagoomemains a
seasonalvater body(LCLB, 2021).

Declines in both the base flow amdeanflow of Mosquito Creekhreaten the current hydrological regime
of the Bool Lagoon Complé2AVBGARE023. Mosquito Creelhad perrmanent flows from 1971 to 2001,

but has since become seasonraE(NRM, 2019. These declines are linked lmwver groundwater level in the

Mosquito Creelcatchment(SAVBGARE023.

The Bool Lagoon Complex is considered a groundwekpendent ecosystemalthough wetland
groundwater interactions are spatially and temporally variabéeeating complex hydrogeological
relationships DEH (2006khowed that groundwater level fluctuationscreate gaining i(hflows from
groundwaterinto the Bool Lagoon Complex) and los{lugses to groundwater) conditiorkiring theyear,
subject to the seasonality giroundwater inputs. A transectf monitoring sites acrosBool Lagoon Complex
by DEH (2006howed inflows from groundwater on the eastern side, and losses to groundwater in the west
indicating that the system is potentially a fletwough wetland. Turnadge and Lamontagne (2015)
subsequently treated Bool Lagoas a flowthrough systemin their crosssectional modellingo examine
wetland-groundwater interactionsDEH (2006) conclude that tlolaracteristics of Mosquito Creek inputs
and groundwatetsurface water interactionsre critical factorsin the floristic composition and habitat
diversity of Bool Lagoon.

Groundwaterwetland interactions are influenced by @ogging layerof clay present within the bed
sedimentsof the Bool Lagoor€Complexthat was assessed through field testing by Taylor et al. (2@BSH

(2006) describgthe bed sediments as black, poorly drained organic soils with a hightgHnean saturated
hydraulic conductivity of the wetland clogging layer was found to be 0.227 m/d from the testing of 15 samples
distributed across the wetlandsing an Eijkelkamp soil water permeameteithologicalogging indicated

that the clogging layer has a mean thickness of ~8 m, although Turnadge and Lamontagne (2015) used a
clogging layer thickness of 1 m in their analysis of the hydrology of Bool Lagwvalueof the clogging
layerthickness useth the current models is described Section 4.4L. The thickness of the clogging layer

used in the simulation to determine the lakebed leakance parameters, veoictiol rates ofsurface water
groundwater interactionglong with groundwatesvetlandwater level difference¢lLangevin et al., 2017)

The proposed wetland in thKarst Springs Restorati@rea(the site is associated with Deep Creakthe
west of Eight Mile Cregks approximately 22 km south of Mount Gamb{€igure 3)Deep Creelborders
the eastern marginthe Wild Dog Draitoccurs at the northern border of the siteshile the No 2 Milstead
Branch 3 Drairoccurs at the western boundar{Figure 3% An ecological survey of Deep Creek found
Variegated Pygmy Perclspotted Galaxiagnd River BlackfisiHammer et al.2009) although in low
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abundanceHammer et al. (2009) recommenmigparian habitat restoratiorof Deep Creek to conserve other
threatened and endangered species, such as the Australian Grayling.

DEW (2024produceddepth-volume relationship for the proposed wetland areavhich they subdivided
into eastern and western halveEhey determined thatthe average stream flow in Deep Creek during X970
1991 was ~67 ML/dyhich has fallen t&7 ML/d(on averaggduring 20042023 DEW(2021) suggest that
Deep Creelhas showrstronger seasonality in flowsince 2005similar togroundwater level trendswhich
have shown delines of up to 4 m since the 197@4thin the wider region south of Mount Gambi€DEW,
2021) The soil conditions of the sitare similar to other parts of the coasthlmestone Coasbf South
Australia,which are dominated by calcareous sands and peat swéslying the limestone deposits of the
TLA(e.g.,.Bachmanret al., 2015)

Theaveragerainfall atthe study area iaround730mm/y (1970¢2022; the period of the model simulatign)
and the mean potential evapotranspiration is approximatEdl 7mm/y (1970¢2022) Deep Creek ifed by
a spring (Stratman Pondjhat has relatively stable salinities (@10 n/cm) (DEW, 2021)Deep Creek
previously flowedeast behind the coastal dunes of Riddoch Bayconnect withEight Mile Creekear the
mouth (Slater and Farringtor2010). However through drainage work$or land productivity,Deep Creek
now discharges directly to the sea.

Goyder InstituteTechnical ReporSeried Adaptation of the SouttEastern drainage systenGroundwater and wetland modellin®



4 Methods

4.1 Overview

The methodology of the current studyms to develop localised models of two important wetland sites within
the Limestone Coasthe Bool LagooitComplexandthe Karst Springs Restoratigite (nearDeep Creek)The
former is a important Ramsarsite, while the latter isan area whereincreasedinundation is proposed
through engineering modificationsith the aim ofreinstaing wetland conditionsto a former agricultural
site. Thesetwo siteswere selectedthrough consultation withteam members from thd.imestone Coast
Landscape Board

The twolocalised models osubmodelsof the Bool Lagoon Complendthe Karst Springs Restoratiite

were based oriwo existing,subrregional models developed by the Department of Environment and Water
(DEW, 2023a, 2023bjhe goundwater parameter®f the submodelswere basedalmost exclusivelgn the

modelsof DEW (2023a, 2023bjhe methodology adopted here has not been applied previously to wetland
AAYdzZ FGAZ2Y Ay ! dza G NI f A I X thdit&chniguesSdedcrited fodovi@Eeded fo Yo 6 £ S R
developedand testedfor the purposes of this investigatiohis involveadonsiderable trial and error and
extensiveanalysigo assess the validity afach phase othe workflow, which represents aovel approach

to wetland analysisA summary of the methodologyg providedin Table 1

Tablel. Overview of modelling methodology faretland simulation

Step | Description

1 Obtainexisting groundwater floumodek of the study areéDEW, 2023a, 2023hbyalidate model input]
files by rerunning relevant models and comparing results to those provided in accompanying ref

Convertthe input filesof existing modelinto Pythonscripts

Convertexistingmodek from MODFLOW 2005 to MODFLOW 6

Extractsub-modelsfrom existingmodek using Python.

gl | W DN

Runthe Bool Lagoon Compleandthe Karst Springs Restoraticub-modelsfor the transientcases of]
the existing parent) modelsand compare results to thparent modek to validate the method oSub-
modelconstruction

6 Addthe Lakepackageof MODFLOW ® the submodels,runthe sub-modek,and compardhe results
to availablefield data. This was undertaken onfgr the Bool Lagoon Complesub-model, because the
Karst Springs Restorati@ub-model does not simulathistorical wetlandoehaviour

7 Modify the Lakgpackageof the submodekii 2 K @S Ydzf GALX S a[ | 1 Saé
to move water between lakes.

8 Run the model andomparethe results tothe available da& (Bool Lagoon Complexrodelonly).

9 Undertake sensitivity analysis of wetlaaduifer connectivity

10 Run models for variouBool Lagoorscenarios, including changes in discharge, levee construg
adjustments to downstream gates, reduction of groundwater pumpéngl land-surface lowering

11 Run models of variouKarst Springs Restoratiatenarios, focussing on the elevation of the out
structure.

12 Make interpretations, draw conclusions and complete reporting.
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4.2 Summary oexistingmodels

Here, we summaristhe two existingmodels that were used textractwetland-aquifersub-models The two
existingmodels are (a)the mid-south east subregional model (DEW2023a) (see Figure 3bxand (b) the
coastal areas south stiegional model (DEW, 2023tgee Figure 3c)rhese were used to buildwetland
aquifer submodels ofthe Bool Lagoon Complendthe Karst Springs Restoratigite, respectively

The midsouth east subegional model (DEW, 2023ajas constructedin MODFLOW 200%ising the
Groundwater Vistagraphical useinterface.The modetomprises one layerepresentinghe TLAdescribed
in Section3.2). The horizontal extentis about 100 km eastvest by 70 km nortrsouth (modelcorner
coordinates are E433507 N58423&DA 2020 MGZone 54)discretised into square cells sidedimension
100 m(DEW, 2023gr No-flow boundarieshave been placedlongthe northern and southern parts of the
model domain, whil& generahead boundarys usedn the westandpart of theeastern edge of the model
Figure 4 illustrateshe existing sulregional model and the extracted suhodel that was subsequently
adapted for wetlaneaquifer simulation.
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Figure4. (a) The mid-south eastsub-regional mode(DEW, 2023 and(b) the Bool Lagoon Complex (BIsGp-model

Thetop of the subregionalmodel (land surface) waterived from a regional LiDAR digital elevation model
(DEW 2020), ranging from 12 m AHD in the western plains to 212 m AHD in the elevated eastern areas. The
base of the model (the TLA bottomvasdeterminedfrom drillhole data andhe hydrostratigraphic modef

Barnett et al(2015),with elevationsanging fronb248 m AHD in the central and western part of the domain

to 75 m AHD in the uplifted east.
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Thetransient period of simulatiorfl Aug 1970 t81 Jan2021) wasdiscretised into202 quarterly stress
periods(each being89¢92 days)such thatseasonal variability observed in the principal stresses of rainfall
and pumpingare represented onlgpproximatdy (DEW, 2023a)inter-spring rainfall generates recharge
during MaycOctober, while irrigation, pumping and evapotranspiratiortause seasonal falls in the
groundwater levels durinthe dry season dllovemberto April (during which time, recharge in the model is
set to zero) DEW (2023a) derivedcharge estimatesisingthe water table fluctuation methoaver the
observationperiod 1970 to 2020 Nine recharge areasvere adopted,representing different geological
properties, soil types and land use Additional zones were included to simulate point source recharge
through sinkholes in the Naracoorte Ranges, base@Grame® (1990 work. Within each zonejme-varying
recharge ratsrepresent thespatialaverage for that year from wells withgachzone. Areas of plantation
forest were also accounted for, with recharge rates reduced based on plantation dates using the forest water
accounting methodDEW, 2023a)n cases where plantation dates were unavailable, rechaageassumed

to be zero for the entire simulatignvhile zones covered by native vegetation walsassigned no recharge,
consistent with SENRM (2013hismethod for applying recharge to the modstecognisedy DEW (2023a)

as a simplifiecdpproach

Groundwater @apotranspiratiorwithin pasture areaswhichincorporates most of the model areadopts a
maximum rate(i.e., for the situation where the water table reaches the land surfa€db0 mm/y, with an
extinction depth(i.e., thewater tabledepthbelowthe land surface awhich groundwater evapotranspiration
ceases)of 2 m (DEW, 2023a)ln plantation forest areasgroundwater evapotranspirationrates were
determined using forest water accounting models (Harvey, 2009), with consideration giyeantation
establishment date Groundwater &apotranspiration was modatl in plantation areasusing he ETS
package (Banta, 2000) with two segments, setting the paramébrSNE LJaf RafirfctbryR S LIPKOP)
andW LINE LJgf Makilna@my/extinctiork S LIPKTM) to 0.95, and antection depth of 6 mDEW, 2023a)
Management areas and plantation datesre used to grou@andcategorie 36 zones for implementing time
varyingrates of potentiagroundwaterevapotranspiration

Groundwaterpumpingwas based on estimates by Harrington and Li (20@6prec2007 rates, ancn
metered pumping datahereafter. Pumping (andriigation) outside of summer month&sn® considered in
the mode| and rather,the metered pumping volumesre distributed over the spring to autumn stress
periods. In the Victorian parts of the model domgimpingis basedon previous models (Morgan et al.,
2015; CDM Smith, 2017) and annual reports from the Border Groundwater Review CommittdeEeWP,
2020).

Surfacedrainagewithin the model domainincluding Mosquito Creek, @mulatedonly as groundwater
lossesto gaining sections of streamwithout considering thdransfer of water along watevays That is,
surfacewater featuresare representedusinga h 5 C[ hDraihgackagewhich allows for groundwater
discharge bunot inputs togroundwaterfrom surface featuresDrain bed elevations were set fiom below
the landsurface.Drain ®nductance valuegrepresenting drairgroundwater connectivity) were calculated
from the drain dimensions, bed thicknegassumed to be 1 ngnd hydraulic conductivitfassumed to be 1
m/d) of the drain bedmaterial (DEW, 2023aPrain conductances were modified during modalibration,
leading to values ranginfjom 2 to 6375 n¥d. The absence of surface runoffithin the model of DEW
(2023a)precludes thecomparisornof drain fluxesvith measured drain flow rates

The aquiferydraulic conductivity and specific yidldthe model wee determined using PESDdhertyet

al, 2010) with initial values adopted fronhistorical aquifer testing The geometric mean of hydraulic
conductivityvaluesin the modelis23.7 m/d,which is similar to the average of the available pump test results
of 22 m/d The geometric mean of specific yield valireshe modelis 0.095.

Thecoastatareas south subegionalmodel (DEW, 2023bis alsoa MODFLOW2005 model created using
Groundwater VistasThe modelrepresents only the TLAwvith the TCSA not consideredhe aquifer is

subdivided into three layer® reflect vertical differences in heads within the Tlhich tends to be thicker
near the coastThe model is approximatelys km eastwest by 35 km north-south, againdiscretised using
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100 m square cellEW, 2023b§ see Figure 5This includesn offshore component of theaquifer that
extends~2 kmout to sea
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Figure5. (a) The coastalareas south suipegional model and (b) TheKarst Springs Restoratidne., Deep Creek; DC
sub-model

To simulatethe hydraulicinfluence of the freshwateseawaterinteraction at the coastal boundary, DEW
(2023b)appliedthe MODFLOW Seawater Intrusion Package, SWI2 (Bakker et al., 2013). SWI2 neglects vertical
flow and assumes a sharp interface between freshwater and seawater by neglecting dispersion effects
allowing for an approximation of the location of the freshwaserawater interfaceWhen the SWI2 package

is invoked, the heads that are output from MODFLOW are equivalent freshwater heads, accounting for the
density of seawater and taken from the top of the layer from which the head is repdtddkeér et al., 2003

As MODFLOW adoptfobk-centredrepresentation ofthe subsurfacethe coastal boundary in sufmodels

has a different equivalent freshwater head, because the centre of model cells was adopted for this
calculation.

The northern boundanassumesa generahead condition to simulate groundwater irflows, albeit with
declining heads consistent with historical trends since the 1970s. The eastern and western limits of the model
are assigned nflow conditions (DEW, 2023bljhe seafloor wamodelledasa geneml-headboundaly, with

head values representirthe equivalent freshwater head at the ocean bottom. Sea lexedassumed to be

0 m AHD, and tidal and seasonal sea level variati@ns not simulated.

Themodel top is coincident with the land surface, which vgas$ to LIDAR datéDEW, 2020jor onshore
areas andhe seafloor elevation in offshore are@d/hiteway, 2009). Layezlevations were otherwise set
according to lithological logend interpretations thereof bydarrington et al(2007), Lawson2013 andDEW
(2021).

The model has a transient simulation period of 1 Aug 197€h¢o31 Jan2022, represented using06
guarterly stress periods. Rainfall rechargepiesumed to occur duringflay to October, while irrigation
pumping isakento occurfrom November to AprilAlthough thequarterly stress periods artought to be
coarse(DEW, 2023h)groundwater level dataare generally available only quarterly and extraction data
annually,and hence the temporal discretizationasnsidered to beonsistent with the availabldataset
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DEW (2023bgstimate echargein pasture areas using the water tadlectuation method(Croshie and
Davies2013 Fu et al.2019, whilerecharge in plantation forest areassset to 17% of the pasture recharge
rate, as an approximation of the loweechargein plantation forests (Benyon and Doody, 200@)is aligns
with the Lower Limestone Coast Water Allocation Pilamvhichthe recharge in softwood plantations is 83%
lower than in adjacent pasture. Rechargeagminset to zero in native vegetation areaxpnsistent with
SENRM2013).

In pasture areaghe rate of groundwater evapotranspiration when the water tatdacheshe land surface

was set t0450 mm/y and the extinction depth is 2 rbased on Wood (2017). Forapitation forests,
groundwater evapotranspiration is assumed to be zero because groundwater levels are typically more than
6 m below the land surface under plantations in the study area, although some groundwater
evapotranspiration from plantation forests likely (DEW, 2023b).

Groundwaterpumpingis based on metered data from 2007 onwsrend onthe estimates oHarrington
and Li (2015) for earlier years. In most caskeste was sufficient information to assign wells to the model
layers from which they are expected to extract groundwasdthoughwells aretypicallyopen to allthe TLA
subunitsthat they penetrate(DEW, 2023b)

Surface drainage (constructed drains and the Glenelg River) and spring dischargepsesentedby DEW

(2023b)using the Drain packagevith drain bed elevations set tb m below theland surface.At spring

locations, theconductance(Gy) valueswere setvery high for sites such as Riomnnie Ponds(G = 100,755

m?/d), reflecting thegeneral notion that the springs are freely dischargiPigcaninnigPonds is up to 120 m
deep with groundwateinputs to the spring venbccurring at all depths of open limestoflBEW, 2023h)

Within the model domain, 35 hydraulic conductivi§ values are reported from aquifer tests at 16 locations
(DEW, 2021 )yproducingvalues rangg from 0.1 to 10,780 m/d, reflecting thstrong heterogeneity ofthe
study area The geometric meaK of pump test values in the study area is 11.6 nilthe correspondini
value for the broader Limestone Coast regio@4s7 m/d @ =374)(DEW, 2023pb

Hydraulic conductivity waagain estimatedy DEW (2023khrough model calibration using PE@Dherty

et al., 2010). Calibratioled to geometric mean horizontal hydraulic conductivity values of 34.5 m/d, 19.5

m/d, and 10.5 m/d idayers 1, 2 and 3, respectivebligningreasonablywell with field-based estimatesThe

vertical hydraulicconductivity K;) wascoupledto the horizontal hydraulic conductivityuch that the ratio

between the two was sought through model calibrati®iorage parametersalibrated using pilot points
produceda geometric mean specific yield of 0.102 in layewHile layers 2 and 3vere treated as confined,

gAGK IS2YSGUNRO YSIy aid2NlGAgAGeE @I tdzS&a 2F hpPH E ™

Theexistingmodels were converted to MODFLOW 6 (from MODFLOW 2005) in anticipation of the need to
access the advanced capability of MODFLOW 6 to simulate surface water feM@B&LOW 6 does not
supportinput parameters in the same way they are used in MODFR2008 (Langeviret al., 2017, and as
such,MODFLOVWR005 files needdto be converted into a new set of files compatible with MODFLOWQU6.

initial attempts to do thisused he USG8odeMf5to6 to convert MODFLOWRO0O0S files to the MODFLOW 6
format. Attemptsto use Mf5to6 revealed some missing stress periods in the wediriélated for MODFLOW

6, due to formatting issues in the original well input file. Another issue arose when converting the ETS file to
an EVT filein that Mf5to6 created an excessively large EVT file (>100 GB), which significantly increased the
MODFLOW 6 run timés a result, instead of using the Mf5to6 code, Python ssnpte developed to extract

all the required parameterffom the MODFLOW 2005 input fileesr reconstructing the MODFLOW 6 input
files. The flowcharin Figure6 illustrates therelationship between MODFLOW 2005 and MODFLOW 6
packages, where each link required Pytlomalingto execute the necessagpnversion.
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Figure6. Flowchart for the conversion of MODFLOW 2005 to MODFLOW 6 using Python scripts.

As shown in Figuré, the datasetsof the MODFLOW 200fodel needed to be extracted and reconstituted
into input packages ttMODFLOWS, including information relating to time discrsdtion, spatial data, the
occurrence of active and inactive cells, initial head values, hydraulic conductivity antivitiarahe Well,
Drain, GeneraHeadBoundary Evapotranspiration and Output Control packagese incorporateddirectly
into their corresponding packages MODFLOWS, whereas other packages requiréide data from the
original models to bsignificanty rearranged. Additionally, information from the Preconditioned Conjugate
Gradient package iIMODFLOW 200&as used to generate tHdODFLOW 6 solvdtdrative Model Solution

packagé.

4.3 Extractngsub-modek fromexistingmodels

Theextraction ofsubmodels from the largeexistingmodelsof DEW (2023a, 2023ijas intended to reduce
the spatial extent and therefore the model run times when wetland simulation was added to the
computational demand; namely to representhe Bool Lagoon Compleand the proposed wetlandat the
Karst Springs Restoratigite. Theextent ofsub-modelswas intended to ensure thahe entire wetland area

of interest was captured, plus regions surrounding the wetland that migghtelevant to engineering
scenarios (e.g., reduced groundwater pumpir@herwise,the size of the sulitnodelswas minimisedto
reducethe computational demand and runtinseFigures4a and5adisplay the extent of the existing models
produced by DEW (2023a, 2023k)hile Figures 4b and 5b shdhe submodels extracted as part of this
investigation includingthe locations of drains, wells and genehslad boundariesThe original structured
grid was retained to maintain consistency and allow direct comparison with theregibnal model
developed by DEW2023a, 2023b)Although unstructured grids offer advantages for simulating irregular
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domains such as lakes, their integration would require a completely new model due to challenges in aligning
hydraulic properties and boundary conditions across differing grid geometries.

In order to obtain consistency between existing models andBbel Lagoon Complendthe Karst Springs
Restorationsub-models, groundwateheads were extracted fromexisting modelsand applied agime-
variant specifieehead boundaries in the corresponding suodels exceptwhere an existing head
dependent boundary condition occurred at the soimdel boundaryin which case, the latter was retained
Because the cedlzesand the gridorientationof the submodelsare the same as those adopted in the amig
(parent) modelsmodel stresses (drains, recharge, pumpiegapotranspiration,etc.) could be directly
translated from theoriginal model to the suimodel(see Figuretl and § without the need for cell subdivision
or amalgamation

4.4 \Wetlandsimulation

Following the extraction ofhe two submodels fromexisting sukregional models, the Lakeackageof
MODFLOW @&as addedAs the two case studieB¢ol Lagoon ComplendKarst Springs Restoratiphave
significantly differenthydrogeologicatonditions andengineeringdesignobijectives, the application of the
Lake package also differs between the two models. As such, we describe the construction of eackialub
separately in the following sugections.

The methodology for applying the Lagackage of MODFLOWI&ngevin et al, 2017 to the simulation of

the Bool Lagoon Complexasdeveloped after considerable triaind-error. The techniques described in the
remainder are without precedent in Australian groundwater modelliigy S &G A Il GA2ya o002
knowledge) and thereforethe followingprovidesa newworkflow for wetlandmodellinginteraction analysis

that advances on pridnydrogeological investigatiorsf wetlands

The introduction of the Lakgackage to a groundwater model requires the addition néw top model layer
This layer hosts the Lakd the Bool Lagoon CompleincludingBool Hacksand Little BoolLagoors. In our
application, thetop of the Lake layemwas assignedn elevation of 67 m AHvhich is 3 m higher than the
maximum topographical elevation of tH&ool Lagoon Complesub-model. The top elevation of 67 m AHD
was effectively an arbitrary choice, although it needed to be higher than the maximum topographical
elevation of the lake ared he base of the Lake layer was setrtatch the elevation of the top of the sub
model(i.e., the lake bathymetrielevation distribution) The addition of the Lake layer increased the number
of layers in the sumodel from ongfrom the parent modeljo two. The cells within the additional Lake layer
g SNB aSi (DOMENEY iIn IGDFIBDSES) tasignify that these cells are Lake cells mihareise
not incorporated intogroundwater flow calculationslhe distribution of these cells was determined from a
shape file of the maximum inundated area of tBeol Lagoon Complgxovided by the Limestone Coast
Landscape Boardhe remaining dés in this top layer, located outside the lake areare initially treated as
dry cellsThis was achieved by setting the initi@ladto lower than the base of the layeFhemodel@ wetting
featurewas configured to prevent these dry cells from becoming WEETDR¥ 0) and therebybecoming
part of the groundwateflow system calculations

Figure7 shows the spatial configuration of the Bool Lagddamplexmodel, highlightingthe vertical
configuration of the model for simulatgthe Bool Lagoon Complex.
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Rainfall andpotential evaporation data(class Apan evaporatiolh were integrated into thelake model,
sourced fromthe SILO climate databag@ttps://www.longpaddock.qld.gov.au/silo/pointlata). Figure8
showsthe rainfall andpotentialevaporation rates applied during the simulation per{@dAug 1970 t@1 Jan
2021) The average rainfall for the period was55mm/y (1970;2021; the period of the model simulatign
while the averag@otential evaporation was-1452mm/y (19702021, the period of the model simulatign
The initial lake stagavasset to 49 m AHDwhich ishigh relative toBool Lagoon Complexater levels
presented by Harding (2018hisis meant to benlyaroughinitial valug and given thighe first 3,6 months
2T 0KS Y2RSt aAvYdzZ I GA2y -dAdK2 dASRAERP O2yaARSNBR |
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Figure8. (a) Rainfalland (b) potential evaporation during the simulation period (1972D21) for Bool Lagoon.

The lakebed leakance, representing the ratio of the hydraulic conductivity to the thickness of the lakebed, is
an important control on lakgroundwater interaction. According to Taylor et al. (2015), the { S0 SRQ&
hydraulic conductivity ranges from 4 x*@/s (0.0035 m/d) to 9 x #m/s (0.78 m/d), with an average of

0.39 m/d. The lakebed thickness varies between 4 to 11 m, averaging 7.5 m, although this is based on limited
lake sediment testing (Taylor et al., 2018 initiallakebedeakanceof 0.052d"* was adoptedi.e.,0.39m/d

- 7.5m), based on the data of Taylor et al. (20153king the cell size of 100 m by 100 m, this leakance is
equivalent to a conductance &20 m?/d, which falls within the range used for the drain conductairce
simulating the effect ofurface water bodiesn the groundwater systerin the parent model (see Section

4.2.2). Asensitivity analysis was undertaken to explore the role of the lakddskhnceon the surface and
subsurface hydrology of the system.

The model incorporates inflosfrom Mosquito Creelas a specifiedlux input boundary condition in the
Lake packagé-igure9 shows gauged flows in Mosquito Creek for the peti@@1to 2024 Outflow from
the Bool Lagoon Complexa Drain M is recorded at th&2390541gauging statiorfFigure9a), which is
immediately downstream of the Bool Lagoon outlet regulator. Fi§lrehows the historical flow data
(19852024 at this gauging station.
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Figure9. (a) Locality map of Bool Lagoon showing hydrographic stations near the inlet and waiee the red circle
represent gauging stations that measureinflow from Mosquito Creek (A2390519)and outflow from Drain M
(A2390541), while the blue squaremarks the statiomn recordingwater levelsat the Bool Lagoonregulator. (b)
Hydrograpls of Mosquito CreekGauging StatiomrA23950519 for the period1971¢2024 and Drain M(Gauging Station:
A2390541) immediately downstream of the Bool Lagoon regulafor the period 198§2024.

The history of inflows and outflows to/from thgool Lagoon Compleshow considerabe variability. Flows
during the Millenium Drough€1996;2010)were substantiallyreduced, includingmost 10 years without
significant discharge from thBool Lagoon Compleklowshave beernlower snce the Millenium Drought,
compared to priorOnly two outflow events are evident since 2017.

Figurel0 showsthe water leve$ recorded at the Bool Lagoon regulatde., stationA239166(seeFigure9
for its locatior) and the corresponding outflow from Bool Lagoon into Draifcifptured at statiorAi2390641)
for the period during whiclboth data setswere availableij.e.,from June 2017 t@®ctober 2024 There has
been alack of outflow from theBool Lagoon Complesince 2018Figurell shows a close up of theeriod
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during which botrflows and water levels were available, and when flows occundarain M (June 2017 to
December 2018).
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FigurelO. (a) Surface water levels recorded at gauging station A239166 (Bool Lagoon regulator), and (b) corresponding
outflow into DrainM (immediately downstream of the Bool Lagoon regulatoeasured at statio239054] for the
period June 2017 to October 2024.
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Figurell. (a) Surface water levels recorded at gauging station A239166 (Bool Lagoon regulator), and (b) corresponding
outflow into Drain M (immediately downstream of the Bool Lagoon regulator) for the period Junet@@eatember
2018.0ther periods of recorded flows without corresponding water levels are not shown.

Figurellindicates that the occurrence of flointo Drain Min 2017causeda lowering ofwater levels in the

Bool Lagoon Complewith higher water levelsvhenthe regulatorwasclosedat other times Although this

is intuitive, it makes the simulation of the downstream regulator challenging, because there does not appear
to be an easilyreproducibleprocedure for operating the regulatoe(g, a predictable flow into Drain M
occurs at a knowBool Lagoon Complexater level elevation) that can be simulated in MODFLOW&: is
becausethe operation of the regulator has dependexh the decisions of personnghking into account a
wide range of other factors that are not easily captured witki@DFLOW 6As a consequencdt appears

that flow into Drain M occurred at lower water level elevations than at other times, when the regulator was
closed lut the Bool Lagoon Complexater levels were higherNevertheless, we sought a relationship
between water level and discharge to Drain M because this is required in the noocehtrol the outflow

from the Bool Lagoon CompleAn investigton into other options for simulating outflow from thBool
Lagoon Complexto Drain M should be sought in the future.

Figurel2 showsthe relationship between the water level recorded at the Bool Lagoon regulator and the
corresponding outflow from th&ool Lagoon Complexto Drain M.The green circles indicate the data from
the most recent gate opening\(gust2018 Figurell). We assume that thielationship representthe most
recent(and continuingppproach to theoperation of the gate, although there are few data poiriise blue
circlesin Figurel2 correspond to data from an earlier operatidAugustSeptember 2017 Figurel1).
Although the recorded water levels during this period were lower than thogsuigust2018, the outflow

was significantly higheiThis mayave beercaused by opening a diffent number of gates, aridr adopting
alternative gate opening heighbetween the two outflow eventdn any casgit appears that the operational
strategy of the regulator changed during the intervening petiodL (i Q& | theBdol Lago&hIChidpi@x I
water leves do notdictate the operation of the downstream regulatorhis is apparent from the difference

in the slopes of the heaflow relationships for the two periods (Figuie). For the purposes of running
modelling simulations, a gate operation strategy needs to teated, and therefore, dth the August,
September 201And Augus®018 data were used to define rating curves for the regulator, and both were
tested through simulation of the Lake packay#rmodel of theBool Lagoon Complex
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An explanationfor regulator operation, rather the application observed water levels and heads to define
the regulator operation as wieaveattemptedin the current studyis given byGibbs et al(2015) According

to Gibbs et al. (2015), ater is releasedrom the Bool Lagoon Complexach dayat a rate considered
necessaryo maintain the water levehs follows

(a) 48.15 m AHD during June;

(b) 48.24 m AHD during July;

(c) 48.30 m AHD at the end of the first week in August;

(d) 48.40 m AHD during the third week of August;

(e) 48.55 m AHD at the end of August; and

(f) 48.61 m AHD for as long as possible from the second week in September.

(g9) No release occurs if the water level in the wetland is below the maximum level for the relevant time
of year.

(h) Themaximum release ratis 1000 ML/d

Nitschke (1984padds further details of relevance to thenderstanding of how thé&ool Lagoon Complex
regulatoris operated Nitschke (1984) reportthat the top of the gatehiasan elevation 49.22 m AHBhen

the gates are closedvhie the invert level of the channel is 46.93 m AHtschke(1984)also reportsthat

the regulator discharges at around 16/swhen the water level is 48.24 m AHD (July target le@dyiously

this requires thatthe gates are open. DEH (20@&)ds further information relevant to the hydrajy of the
regulator, althoughthe situations they describe amare events that are beyond the scope of the current
study. Theysuggest thaBool Lagoon Complexater levelssqualling or exceeding the spillway level at Hacks
Lagoon and the top of the closed regulator gates can be expected on average once every 2@/lyigars
levels exceeding th&toplog€at Hacks Lagooare expected to occur on average once every 50 years.
However, operation of the regulator woulth doubtoccur to avoid this type of event, given the catastrophic
flooding that would accoipany it. DEH (2006) also recommends thdiem water levels exceed 49.52 AHD
(presumably this is referring to the water level near the downstream end oBib@&@ Lagoon Complgx
stopbanks are threatened, and the flow of water over the top of the regulator gates becomes uncontrollable.
It is challenging to incorporatthese details in entiretynto the parameters of the Lakgackage that control
discharge, and we presently have insufficient information to know the precise mechanisms for outflows to
Drain M from theBool Lagoon Complekelevant datato better define the operation of th&ool Lagoon
Complexregulator will be useful for future modelling effortsAnother complication insimulating the
regulator isthe discharggleakage}hat occursthrough the gategven when these are closeth summary,
additional work is needed to parameterise the downstream outlet of Bosl Lagoon Complexecause it

Aay Qi Of SIFNJ gKSUKSNJI G§KS Odz2NNBy i -dischstheYrGaiidhstiaThis O O dzNJ
includes uncertainty ithe gate operating rules, any leakage through the gates, or other outlet mechsnism
that are not clearly defined in existing documentatiédthough arating curve(flow versus water levels
needed to control outflows from the Lake packageM®®DFLOW 6, the operational rules given abake

only partially helpful in creating the outflow rating cundéhat is, without knowing the flows associated with

a given water level in the downstream part of tBeol Lagoon Compleihe headdischarge function that

the Lake package requiresntains significant uncertainties
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The Lake package MODFLOW @Brovides three options teimulate lake outlets(a) specified outflow,(b)
Manning® equation and (c) the sharpcrested weirequation(Langevin et al., 2017Jhe latter two options

are ratingcurve types of controls, of the type discussed above (i.e., water level versus discharge
relationships)In this study, the specified outflow optidine., (a))xould not be applied because outflow data

are available onlyor a portion ofthe simulation period (1972021).Additionally,the outflow cannot be
specifiedin modelling scenarig@nd rather, the outflow should bee function(i.e., a natural responsey the
stresses applied to the model and a prediction variable for simulatibhsrefore, the other twautflow
options were tested.

According to Langevin et al. (201Metdischargeut of a lake can b® | f Odzf G SR dzaAAy 3 al y
for a channel with a rectangular cross sectigivenas:

0 -wO"Y 1)

where @ is the outflow rate ofdischarge @*); nisthea | YY Ay 3 Q&d NRdzZIKySaa O2S¥
channelT15*3); Wis the width of the outlethannelL);Dis the water depth above the outlet invert elevation

(L); andSis the slope of the outlet channel (unitless). The water depth above the outlet invert elevation is
calculated as

O 0 «a (2)
where H, is the lake stagenf AHD, andzis thechannelinvert elevation n AHD.
Alternatively, lakedischargecan be representedsinga sharpcrested weir equationgiven by
0 -6 WO ¢Q ()

where G is a discharge coefficient (unitlesgy,is the width of the weir outlet (Lpis the water depth above
the outlet weir invert elevation (L), which is calculated using EgeX2¢ptwith z set to the weir crest
elevation andg is gravitational acceleration (t2).
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The outlet regulator of th®ool Lagoon Compleperates inamore complicated way than an ungated weir
or an open channefor which flow is defined biquatiors (1) and (3). As discussed abovéye outletof the
Bool Lagoon Complég achannelequipped with gateswhichare operated accordingp (DEH, 2006; Gibbs
et al., 2015Nitschke 1984): (a)the designcapacity of Drain M(b) the water levels in Bool Lagopft) the
elevation of leveesand () the time of yearalthoughDEH (2006) report only occasionaiktoricaloperation

of the gatesNevertheless, we defaa dischargavater levelrelationship forsimulating the regulator ithe
Lake packageFigure13 shows the fitted rating cun for the two different times and using the two
alternative equations (Equations (1) and (3)). Note that we have atlded artificial point: (1)62.5m%/s

at a water level o1952m AHD where the former reflectthe maximum inflowfrom Mosquito Creekand
the latter is theextrememaximumwater levelin Bool Lagoon(2)29.25m?s, correspondngto the maximum
outflow recorded & Drain M which isassumedo be associated with th maximum leve{49.22 m AHDas
indicatedby thetop elevation of the gate when closgdnd (3) awater levelbelowwhich the gateremains
closed(and the discharge is zert) maintain water levels in the laké&or the two rating curvesbtained
from the 2017 and 2018 datahe water level elevations below which there is digcharge were taken to be
46.93m AHD and7.8 m AHDrespectivelyThe abovementionedartificial pointsextendedthe rating curves

to allow forthe simulation of a wider range of conditions relative to those encountered during the 2017 and
2018 flow events
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Figurel3. Rating curve data (water level versus dischargejiferdownstream regulator of th&ool Lagoon Complex
Two periods are represented: (a)AugustSeptember 2017 and (b) August 2018 Fitting curves are provided,
corresponding tathe two options in the Lake package for assigning downstream boundary condiisrdescribed

above (Equations (1) to (3)).SNB > dahoa SNII G A fof-wardr lévielpoinks ladded arkififialy tdzxiSril
the range of the available dataset.

The fitted rating curve functions shown in Figi@are defined bythe parameters provided in Table 2. Note
that the parametersW, n and S were obtained throughcurvefitting the abovementioned functions
(Equations (1) and (3)yvhile zwasassignedirectly given knowledge of the regulatdrhe value ol is a
fixed value 0.61) in MODFLOW @_angevin et al2017) Ths valueis typical of conditions where theater
level is only a small height above the weir cr@sy., Henderson, 1966)
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Table2. Hydraulic parameters ahe outlet boundary condition for th&ool Lagoon Complekor defining flow into
Drain Musinga | Yy Aoyl @hdarpcrested weir equationsRating curves were calibrated to water level and discharge
datafor two different periods:AugustSeptember2017and August 2018

Parameters AugustSeptember 2017 August 2018
Manning Sharpcrested weir | Manning Sharpcrested weir

W (m) 12.55 6.36 14.27 13.1

z(m AHD) 46.93 46.93 47.8 47.8

n (s2?) 0.031 - 0.032 -

S(unitless) | 0.007 - 0.0008 -

Gi (unitless) | - 0.61 - 0.61

The first attempt to simulatéhe Bool Lagoon CompléxR 2 LJG SR | a Ay 3f te antjrdwites ¢ G 2

body. In doing so, the entirBool Lagoon Complevas represented by a flat water surface (i.e., a single water
level across the whol®ool Lagoon ComplexThis is because th Lake packagepresumesa uniform,
horizontal water surfac& 2 NJ S I O Kowéverwé éhticipate that theBool Lagoon Complexetland
system has a water surface slope that is importémt proper representation ofwvetland-groundwater
interactions As shown in Figurg4, the head difference betweeBool Lagoon Complesxirface water levels

at the differentobservation pointge.g.,between stationsA2391070and A2391067 is around30cm (as an
approximate average over timeyer a distance afoughly7.6km along theBool Lagoon Complexis(i.e.,
along the direction of flow in th&ool Lagoon Complex

Despite the absence of a water level gradient in dirglelake versiorof the Bool Lagoon Complesub
model, it neverthelesgprovided important initialinsights into the performance of MODFLOV&pplyingthe
Lake package and therefore, we have included it in the current repoljppendix A shows the results of
singlelakesimulations, includingroundwater levels, surface water levels and discharge rates

Followingthe simulation of theBool Lagoon Complaxsing a singkake representationthe Bool Lagoon
Complexvas subdivided intthree sublakes identified within the Lake packageusingn ¢ = aH £ | YR d«
the respective sullake areasThis was intended to better capture thveater surfacegradientof the Bool

Lagoon Complembserved in field dataThethree sublakeswere: (1) Hacks Lagoor(2) Main Basin(plus

Little Bool Lagoonpnd (3) CentralBasin plus Western BasinYhis allowed fothree distinct water bodies
(sublakes) each with different water level elevatiorass an approximation of the water surface slope of the

Bool Lagoon Comple¥igurel4 depicts the geometry of thesublakesthat together represent theBool

Lagoon Complewetland area
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Figurel4. (a) Depiction of thesub-basins of theBool Lagoon Complex, showisgrface water monitoring sitedocal
groundwater monitoringwells (those with extendedrecord periods, and thelake bathymetry & h dzii frefrésant

controls in themodel, where water is passed from one sldke to the other or is discharged from tiBool Lagoon
Complex (b) Groundwaterand surface water levelaround/in the Bool Lagoon Compldwrr the period 20@¢2024

(6ROB indicates groundwatehydrographs, whilelabal & G F NI Ay 3 A GK &! ¢ ) RBlocataeNF I OS
of monitoring sites is shown in (a).
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Water is transferreetween the sudakes of thethree-lake version of the model using the Water Mover
package of MODFLOW (Gangevin et al., 2017)This facilitateswater movement between different
dpackageswithin the MODFLOW fodel. Specifically, water éhannelledrom the outlet ofHacks Lagoon
to Main BasinificludingLittle Bool Lagoornd subsequently from Main Basin t@entral Basinwhich also
includesWestern Basin)Thesharpcrested weirequationwas employed to calculate outflows from tiBool
Lagoon Complexas discussed belgwand exchange fluxes between the sialies Although Manning's
equation was another option for calculating exchange fluxes between théagisls both methods produced
similar headflux relationships, and therefore, the shagpested weir equation was adopted to be consistent
with the method for determining flows into Drain MheWater Mover packagéhen takes thecalculated
time-varyingdischarge (calculated usirtguation (3)and the upstream lake water leveihd addghem as
input fluxes to the downstram sublake.Theparameters forestimatingoutlet flows from Hacks Lagooio
Main Basin(including Little Bool Lagogmnd Main Basinto Central Basiffincluding Western Basinare
detailed in Tabl&.

Table3. Hydraulic parameters aghodelledoutlet weirs: from the outlet of Hacks Lagoon to Main BasircludingLittle
Bool Lagoon) and from Main Basin to Central BasaludingWestern Basin)

Discharge from suitakes: l?nﬁﬁzgge coefficientGe, Width of the outlet (m) | Invert elevation (m)
Hacks LagooOutlet 1) 0.61 90 482

Main Basin(includingLittle Bool

Lagoon)Outlet 2) 061 500 480

Bool Lagoon Complesurfacewater levelscalculated in MODFLOW 6 were compared to field measurements
as werelocalgroundwater levels anthe rates of discharge into Drain M. This was undertaken for several
variations of the base casBool Lagoon Complegulbbmodel to explore the effects of alternative
parameterisation of théBool Lagoon CompleXhe modekonfigurationwas varied based ar{a)the use of

a single lake or three sdbkes to represent thé&ool Lagoon Compleand (b) the equation used (sharp
ONBaliSR ¢ SAN 2 NltoadicylateAlgs Dta Dr&inj MEghi of the’modetonfigurationsare
outlinedin Table 4.

Table4. Eightconfigurationsof the Bool Lagoon Complesub-model

Representation othe Bool Lagoon| . . . o .
Complexin the Lake package Discharge equation Discharge equation fitting period
) ) AugustSeptember 2017
Sharpcrested weir equation
August 2018
dnglelake
oA | AugustSeptember 2017
al yyAy3Qa Sl dz (
August 2018
) ) AugustSeptember 2017
Sharpcrested weir equation
August 2018
Threesublakes
oA | AugustSeptember 2017
al yyAy3Qa Sl dz (
August 2018

Modelfield data comparisons were undertaken usotzgervations ofroundwater headst five observation
wells (ROB06, ROB21, ROB22, ROB23 and ROB25yuréame water levels afive gauging stations
(A2391066, A2391067, A2391068, A2391069 and A2391ApPENndix A presents those comparisonke
results demonstrate that the thregsublake model using the shatgrested weir equatiorfitted with August
2018 data, outperformed the other configurations in terms of model performance, particularlyhéor
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dischargeinto Drain M Consequentlythis configuration was adopted for tH&ool Lagoon Complesub
model in subsequent analyses, including sensitivity analysis and scenario simulations.

Sensitivity analysis was undertaken to téds¢ lakebed leakanceThis involvedwo additional simulations
where the lakebedhydraulic conductivitywas varied.The subsequent odelling scenarioso assessare
described in Section 4.4.3.

Similar to theBool Lagoon Complerodel addingthe Lake package to thKarst Springs Restoraticaub

model involved the addition of new top model layerin whichthe region occupied by the wetland was
designatedas the LakgackageThe top of this layewas setto 7 m AHDwhich is roughh8 m higher than

the highesttopographicalelevationof the Karst Springs Restorati@ub-modelto ensure that water levels
R2y Qi NBI OK {.AI® bait@ridf tig LBke (ayeSmatchetiBeNdp elevatidand surfacedf the
groundwater domain of thesubmodel, reflecting theproposed wetlan@ & 6 | . KT&sY=slditibid
increases the suinodel's layers from three to four. Within this new Lake layer, cells are marked as "inactive"
(IDOMAIN = 0 in MODFLOW 6) to indicate that they are Lake cells not involved in groundwater flow
calculations Thewetland footprint representshe maximum inundated area of thoposed wetland athe

Karst Springs Restoratiaite, asprovided by the Limestone Coast Landscape Board.

Figurel5illustrates the spatial layout and vertical structure of the proposed wetland at the Karst Springs
Restoration site.
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Figurel5. Spatial layout and vertical structure of the proposed wetland at the Karst Springs Restoration site. (a) Map
view showing the distribution of well, drain, lake, and tiwveriant specifieehead cells, along with the locations of two

cross sections. (b) Gtoda & SO0t A2y I ! FYyR 600 ONR&aa asSoiarzy .. RSL
boundary conditions used in the simulation of the proposed wetland.

Outside of the lake area, the top layer cellere assigned watelevelsto cause them to bery, which was
achieved by setting thenitial headbelow the layer's basewith the rewetting package of MODFLOW 6
turned off (WETDRY = (jis ensured thatthese cells are not part of thgroundwater flowsimulation
Rainfall angpotential evaporation inputs for the lake modelere obtainedfrom the SILO climate database.
Figurel6 showsthe rainfall andootentialevaporation rates applied during the simulatiperiod(1 Aug 1970
to 31 Jan 2022)The average rainfall for the period wag30 mm/y (1970;2022; the period of the model
simulation) while the averaggotential evaporation was +317mm/y (1970;2022; the period of the model
simulation). The initial lake stageas set to 0 m AHDmean sea leveljndicating an initially dry lake.
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Figure16. (a) Rainfall and (b) potential evaporation during the simulation period (®¥ZP) for the Karst Springs
Restorationsite.

Aninitial lakebed leakance value 3R & 14 = & I %or the R@&st BplnBs Restoratiaite in the absence

of information on the soils of the area to the contrafyjaking into account the cell size, this equates to a
lakebed conductance &0,000m?d. This conductance, as well as the groundwater heads and the wetland
water level, dictate the upward and downward leakage of water between the wetland and the underlying
aquifer. A sensitivity analysis was conducted to explore the influence of lakebed leakance on the system's
surface and subsurface hydrologee Sectiorb.3.2). The conductance of the Drain package that was used

to simulate thecurrent footprint of the wetland areat the Karst Springs Restoratiagite (or at least
groundwater discharge to)itranged from2 to 27750m?d in the parent model of DEV2023).

ThelLake package receivaadputs from the Deep Creek draiffhose floware measured agauging station
A2390507(see Figurd 7 for its location) Inflows tothe Karst Springs Restoratiovetlandwere assigneas

a specifiedflux boundary condition ito the Lake package. Figut& displays recorded flows in Deep Creek
from 1970to 2024 Although there are clearly data gaps in the measurements of Deep Creek discharge, the
current study adopted simple linear interpolation of thgailable measurement#nfilling methods smilar

to those used by Peterson and Western (2018) for groundwater hydrogrephig,be used to enhance the
resolution of the Deep Creek hydroghaim future iterations.
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Figure17. (a) Locality map of the proposeflarst Springs Restoratigine., Deep Creek; D®@)etland showingthe
hydrographic station of Deep Creeknd(b) Hydrograptof Deep Creek discharge (Gaug8tgtion:A2390507) for the
period 1970;2024.

The sharpcrested weir equation (Equatigii2) and (3) was used to calculate the outflows from the proposed
Karst Springs Restoratievetlandin MODFLOW.6The discharge coefficierty was 0.61which is the fixed

value of MODFLOW 6 (Langevin et al., 2017). The outlet witirand invert elevatioz ¢ SNE aSi G 2
and2m AHD, respectivelyoased orthe provided informationfrom the Limestone Coast Landscape Board

Nguyen and Plus{2024)undertook an assessment of the@pography of theKarst Springs Restoratistudy
area They assessdtie inundated area at various water level elevations to create water ‘eskeime and
water levelarea curvedor the wetland water bodyThesewere determinedfor water level increments of
0.25m, from1.5m AHD to4 m AHD Figurel8illustrates the topographical map of the area, used\Nguyen
and Plush{2024)for their analysisAnexample of the inundated arda shownfor an elevation of 2.5 m AHD
in Figurel9. At this elevation$9% of thetotal wetland area i®pen water and the volume of stored vter

in the wetland is approximately 390 ML
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Goyder InstituteTechnical ReporSeried Adaptation of the SouttEastern drainage systenGroundwater and wetland modelling1



Bool Lagoon CompleRcenarios were designed to explore options for improving ecosystem health in Bool
Lagoorthrough hydrological changes, mainly increased wetnkesigal scenarios were based on discussion
with the Limestone Coast Landscape Bo&tnither scenariosnay be undertaken following the completion

of this report throughengagement witlthe projectstakeholders Table5 lists the scenarios completed to
date.

Table5. Scenarios for analysjthe hydrology of theBool Lagoon Complaxnder modified conditions

Scenarios | Description

BLGS1 Decrease inflow from Mosquito Creek by 20%

BLGS2 Increase inflow from Mosquito Creek by 20%

BLGS3 Turn off all groundwater pumping withidkm of the Bool Lagoon Complex

BLGS4 Turn off all groundwater pumping within 5 km of tB®ol Lagoon Complex

BLGS5 Blockthe downstreamBool Lagoon Complergulatorto Drain M

BLGS6 Increase the elevation of the levee between tMain Basin (including Little Bool

Lagoonyand theCentral Basin(including Western Basity 0.2 m

BLGS7 Increase the elevation of the levee between tMain Basin (including Little Bool
Lagoonyand theCentral Basin(including Western Basity 0.4 m

Karst Springs Restoratigite: Scenarios fothe Karst Springs Restoratisnb-modelwere limited because
wetland modifications are proposed for the siteat have already been designeficenarios for théarst
Springs Restoratiosite are listed in Table 6.

Table6. Scenarios for analysis the hydrology of Kerst Springs Restoratigite.

Scenarios Description

DGS1 Decrease the crest of the downstream control weir at this site to 1.5 m AHD
DGS2 Decrease the crest of the downstream control weir at this site to 1.7 m AHD
DGS3 Increase the crest of the downstream control weir at this site to 2.2 m AHD
DCS4 Increase the crest of the downstream control weir at this site to 2.5 m AHD
DCS5 Decrease the rainfall to the wetland by 20%

DCS6 Decrease the surface water inflow to this site by 20%

4.5 Water surfacadentification with remote sensing

The following describes efforts to use remotely sensed observations to check the predictions of wetland area
from the Bool Lagoon Complewodelling. This investigation is further to the body of work that is described

in the original project briefThe remotely sensed estimates of the inundated ofBloel Lagoon Complexe
intended toprovide a check on the results obtained from MODFLOW 6 modelling within the current study
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Digital Earth Australia (DEA), a data platform developed by Geoscience Australia, delivers-raaalysis
aFrGStEAGS RIEGE F2NJ Y2YAG2NRY 3 (le@isetd?, RU1F DEQ &flerg @& a A Y
and open access to earth observation data from the Lan@isselancet al., 2012and SentineR (ESA2015

satellite programs. The Landsat program, managed by the United States Geological Survey and NASA,
includes three multspectral satellites: Landsat 5 TM (188813), Landsat 7 ETM+ (1@®%esent), and

Landsat 8 OLI (20&Bresent). These satellites capture imagery with an8fesolution and revisit the Earth
approximately every 16 daysandsat 5 TM, while operational from 1984, cetesitly collected data

between 1987 and 2011, and was decommissioned in 2013. The Landsat 7 ETM+ and Landsat 8 OL| missions
remain active; however, a scdine corrector failure in Landsat 7 ETM+ in May 2003 introduced striping in

the imagery due to missindata. Although no gafill algorithm is applied, the remaining data still provide
valuable insights, especially when combined with imagery from Landsat(8@lréfouetet al., 2003)Raw

data from the Landsat missions have undergone correctstagdardsation, and orthorectification to create

a 25m resolution analysiseady datase{Dhu et al.,2017). This archive is accessible through DEA via the
Open Data Cube API, enabling automated extraction and processing of Earth observation data.

The Water Observations from Space (WOfS) algorithm identifies water presence by classifyingasked

pixels into three categories: wet, dry or invalid (ewghere the latter iscloud-covered or on steep slopes)
across all temporal observatiofiguelleret al., 205). It employs a decisiotree model informed by Landsat

band ratios and supplementary datasets, such as valley bottom flatness and pixel quality, which enhance
validation compared to simpler classifiers like the norseali difference water index (NDWIWOIfS is
operationalsed by Digital Earth Australia (DEA) to process the Landsat archive, offedngar3lataset of

water classifications across Austra(ill986 to 2020) Utilising this extensive archive, wextract pixels
classified as wet tgeneratea seriesof maps depictingurface water bodiewithin the study areawhile the

WOIS classifier achieves a high overall accuracy of 97% in detecting water, its performance diminishes when
water coexists with other features, particularly vegetation, within the same pixel. This limitation is
pronounced in environments like wlands and riparian zones, where mixpitel misclassifications
commonly label wet areas as dry. The classifier performs optimally when analysing clear, unobstructed water
surfaces captured by satellit¢sluelleret al., 2016. Water surface maps derived from WO#&@re used to
compare and validate thenodelledlake areaNotably, the failure of the scafine corrector in Landsat 7
ETM+ in May 2003 resulted in imagery acquired ffaitire containing stripes of missing data, as no-fip
algorithm has been applie@uelleret al., 201§. These data gaps adversely affect the overall quality of the
satellite imagery. Moreover, the Bool Lagoon areaften cloud-covered, complicating the comparison
between WOfSlerived and modelled water surface extents. To mitigate this issue, a cloud filter was applied,
selecting images with lessah 10% cloud coveragéhis integration of remote sensing datéth MODFLOW

6 offers a rare combination of these techniques for wetland analgeidis expected tenhane confidence

in thereliability of modelling outputs
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5 Results

5.1 Convet existingmodels: MODFLOW 2005 to MODFLOW 6

The wetland simulation models used in the current stadply MODFLOW 6, ahdve smaller spatial extest
relative to existing models that are intended to assess the wider groundwater sy$terfirst step in the
methodology was ta@onvertthe parent, largeiscale modelsgeveloped in MODFLOW 2005, to MODFLOW
6. Subsequently, sulnodels were extracted from the parent modelsith the target wetlands centred
within the resulting submodels.

The Bool Lagoon Complesub-model was extracted from thenid-south east sublsegional model (DEW,
2023a) A comparison of the originflODFLOW 2005 version of the model and a MODFLOW 6 version of the
model is shown in Figui20.
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Figure20. Comparison of head contours between MODFLOW 2005 ;(ME®/, 2023aand MODFLOW 6 (MA®) the
mid-south east sulyegional model afour different times.

The resultdn Figure20 demonstratereasonablesimilarity in head distributions between the MODFLOW
2005 and MODFLOW 6 modelghich we consider indicaggthat the conversion between the two codes
occurred correctly.

The Karst Springs Restorati@ub-model was extracted fronthe coastalareas south sulegional model
(DEW, 2023hb)A comparison of the original model and a MODFLOW 6 version of the model is provided in
Figures21to 23, for layers 1 to 3, respectively
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Figure21. Comparison of head contours between MODFLOW 2005 ;(ME®/, 2023band MODFLOW 6 (MH®B) the
coastalareas south suipegional model afour different times (layer1).
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Figure22. Comparison of head contours between MODFLOW 2005;(ME®/, 2023band MODFLOW 6 (MF@®rthe
coastalareas south sutegional model afour different times (layer2).
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Figure23. Comparison of head contours between MODFLOW 205( DEW, 2023kand MODFLOW BE6) forthe
coastalareas south subegional model afour different times (layer3).

Figures21-23 indicate reasonable overlap in the heads of the MODFLOW 2005 and MODFLOW 6imodels
the northern part of those modeldNear the coast, there are problems with the match between MODFLOW
2005 and MODFLOW 6ur investigation into this discrepancgncluded that these differences are related

to the approach to the ocean boundary condition adopted in M@DFLOW 200&hd MODFLOW Godels.

The MODFLOW 2005 model (DEW, 2023b) applies the SWI2 package, whereas the MODFLOW 6 uses &
freshwateronly approach. fie SWI2 model outputs equivalent freshwatezads (EFHS) iegions where
seawater is predicted to occur, whereby tBEHSs are calculated basedabdensity correction (for the higher
density of seawater relative to freshwatetdken at the top of each model cell (Bakker et al., 2013)
MODFLOW 6 outputs heads at the centre of the cell (Langevin et al.,, 2¢4i® density corrections for
seawaterin the aquiferare applied only at the seafloor, rather than withine groundwater system, as occurs
within the SWI2 model

Our previous research into the treatment of subsea boundary condi{®okrzaneRivasandWerner, 2018)
found that assumptions about the salinity of offshore aquifers may significantly influence the extent of
seawater We contend also, following from this earlier wptkat MODFLOWeads need to be assessed at
cell centres given its formulation Thus, heads reported by the SWI2 model may not be relidae this
reason we have negleced the mismatch between MODFLOW 2005 (with the SWI2 code enacted) and
MODFLOW 6@freshwater only) In general, the results shown in Figu2&to 23 indicate that MODFLOW
2005 modes$ were successfullyconverted to MODFLOW, @otwithstanding challenges in reproducing the
coastal boundary in th&arst Springs Restoratisub-model Figure24 shows the locality map of the
proposedKarst Springs Restoratiovetland along with observation wells, and compares groundwater levels
around the Karst Springs Restoratiomwetland using therespective sub-model (in MODFLOW 6), the
corresponding parent model (in MODFLOW 208r the period 19762022, andavailablefield measured

data from wells CAR®, MAC097 and MACOQ98 for layer 2, and CARQ04 for layer 1
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Figure24. (a) Locality mapfthe proposedKarst Springs Restorati¢ine., Deep Creek; D@gtland showing observation
wells. (b)to (e) Comparison ofrgundwater water levels around thproposedDCwetland, showingthe results from

Goyder InstituteTechnical ReporSeried Adaptation of the SouttEastern drainage systenGroundwater and wetland modelling7



MODFLOW 2005 (MF5; DEW, 202&i) MODFLOW 6 (MF&r the period 197Q2024, and availablefield measured
data(CARB6, MAC097 and MACO098 for layer 2 and CAR004 for layer 1).

Figure24illustrates thatthe groundwater levels simulated biye parent model (in MODFLOW 20@B)dthe
Karst Springs Restoratiaub-model (in MODFLOW 6howreasonablesimilarity ingroundwater level and
similar trends, including lorgerm declines and seasonal variations. However, the water lsusiglatedby
MODFLOW 6 are consistently lower than those simulated by MODFLOWa&0the simulationperiod
We attribute this to the aforementioned issues witbnsistency between MODFLOW 2@@&h SWi2and
MODFLOW ,6although other factor§such asdifferences in the numerical methods applied in the two
versions of MODFLOWfjay also have contributed to these discrepancies

It is noteworthy that MODFLOW 2005 appears to produce a better match to the fieldtldatathe
MODFLOW 6 modetspecially abbservatiorwells MAC098, MAC097, and CARO66. As can be sEguie

24, both models show the same general trend, but the MODFLOW 6 model underestimates the groundwater
head values compared to MODFLOW 2095up to 07 m in some locationsAs mentioned earlier, this

most likelyrelated to differences in the coastal boundary conditiBecalibrationof the MODFLOW 6 model
wouldlikely achieve a better matghout this was not considered feasible given the timeframes of the current

project.

5.2

Extracting submodels from existing models

Submodels were extracted from the MODFLOW 6 versions of theresgional models developed by DEW
(2023a, 2023b)Figure 25 comparesthe Bool Lagoon Complegub-model (in MODFLOW 6yith the

correspondingparent model(in MODFLOW 200%} four different times This comparison was undertaken
to testthe validityof the submodel extractiormethodology
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Figure25. Comparison of head contoulmtween theMODFLOW 2008arent model(MF5) andhe sub-model ofthe
Bool Lagoon Complex & { dz0 ydevelopediin MODFLOW &t four different times. The grey area represents the
location ofBool Lagoon Complex (BLC).

The groundwater headBom the extracted submodelof the Bool Lagoon Complg¢in MODFLOW &ppear
to be closely matched tthose of the original MODFLOW 2005 parent ma@&W, 2023ga This alignment
confirmsthat the submodel extraction process and conversion to MODFLOW 6 was valid

Figure26to 28 presentcomparisons between thlIODFLOW Barst Springs Restoratisnlb-model §hown
for layers 1 to 3, respectivéland the MODFLOW 2005 parent mo¢i@BEW, 2023b)
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Figures26 to 28 show significant differences between the MODFLOW 6msabel of theKarst Springs
Restorationsite and the parent MODFLOW 2005 (with the SWI2 package invthed) cases, the heads at

the northern, eastern and western boundary are well matched. This occurs because the heads around those
boundaries in the MODFLOW 6 smiodel were extracted from the parent model and applied as boundary
conditions.Heads in the south and central parts of the study area differ between the models to varying
degrees across the three layets. layer 1 (Figur@6), the heads of the MODFLOW 6 model are generally
higher than those of the parent modellThe opposite occurs in layeR and 3 (Figures 27 and 28), with
MODFLOW 6 model heads being lower than the parent médetgionof nearconstant heads surrounded

by a steep gradiens apparent in layer 2. This coincideish the occurrence of seawater in that layemd is
associated with the conversidrom seawater headt equivalent freshwater heads as discussed earlier.

5.3 Wetland simulation

Following construction of suilmodels, as presented in the previous ssdrtion, the Lake package of
MODFLOW 6 was added to each swbdel, with adjustments maddo account for the explicit
representation of theBool Lagoon Compleand the Karst Springs Restoratiometlands. The following
describes the results obtained from thandeavour.
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Figure29 compares the head contours of the saibdel Bool Lagoon Complexvith the Lake package to
those of the original MODFLOW 2005 parent model at éiffierent times. The figure demonstrates that the
inclusion of theLake package in the suiodel results in simulated heads that align closely with the original
MODFLOW 2005 model. The consistency in contour patterns and head values validatesttibd for
implementing the Lake packagand confirms that the modifications were implemented correctly. By
effectively capturing interactions between surface water and groundwater, lthke package maintains
FARStEAGRE G2 GdKS 2N 3A yndicate hatheSMODRLOVE 6lzirdoliizis &itth thetakeS & S
packageappliedare a reasonable repduction of the groundwater hydrology of the original model of DEW
(2023).
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Thesensitivity analysis of thiekebed leakancéhat was undertakeron the prototype MODFLOW 6 model
involved applyingnultipliers of 0.1 and 2 to thbase value of théakebed's hydraulic conductivityl his was
meant tocoverthe broad range o¥aluesobtained bythe field testing ofTaylor et al. (2015)rheresulting
variationsin groundwaterand surface watelevelsat observatiorwellsandat wetlandstagemonitoring sites
(locations shown in Figur#d) for different valuesof the lakebed hydraulic conductivigre presented in
Appendix BThe findings indicate that variations in the lakebed hydraulic conductivitydmly a small
influenceon groundwater heads at most observation welithoughthe groundwater heagat observation
wellsROB02&ndROBO032 for the conditionwhere the hydraulic conductivity is multiplied by @vére lower
compared to models adoptinghigher values of the lakebetiydraulic conductivity Comparison of
observation data and simulated surface water levels shows that when the hydraulic conductivity multiplier
is setto 0.1, the match between observed and simulated data weakens, particularly at gauging sstation
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A2391066andA239106. The match wittihe prototype lakebed hydraulic conductivity adduble this value
produced approximately the same match to field data.

Figure30-32 showscomparsons betweerthe MODFLOW &arst Springs Restorati@ub-model withthe
Lake packagedded(shown for layers 1 to 3, respectively) and the MODFLOW 2005 parent model (DEW,

2023h).
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Figure31. Comparison2 ¥ KSIF R O2y(G2dz2NAR 06SG ¢SSy a-m&@& pfithe KarstnSpingso & a Cp
Restoratiorsiteg A 4G K F RRSR [ 1S LI O1+3S 6dacCc gAGK [F1S LI O3S
(layer 2).The grey area indicates the location of the Karst Springs Restoration (i.e., Deep Creek; DC) site.
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