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Executive summary
Introduction
The regional aquifers within the Western Davenport Water Control District (WCD) are an important
groundwater resource for public water and horticultural supplies.
Currently the water allocation planning policy in the arid zone the Northern Territory Government has
followed the principle that:
•

total extraction over a period of at least 100 years will not exceed 80 per cent of the total

aquifer storage at start of extraction; and
•

there will be no deleterious change in groundwater discharges to dependent ecosystems.

In the event that current and/ or projected consumptive use exceeds the threshold levels of 80% of
the consumptive pool for aquifers, or groundwater discharges to groundwater dependent ecosystems
are impacted, new groundwater licences will not be granted unless supported by directly related
scientific research into groundwater dependent ecosystem/cultural requirements.
To provide water resource managers at the Department of Environment and Natural Resources
(DENR) with knowledge about the aquifer safe yields and performance under different potential
pumping regimes, CloudGMS, completed a comprehensive, analysis of available hydrogeologic data
to develop a hydrogeological conceptual model and a numerical groundwater-flow model. The active
model area covers about 16146 square kilometres and its boundaries were defined to include the
saturated areas of the Western Davenport Plains aquifers and the surface water catchment.
The groundwater model has been designed specifically to examine the groundwater resources of the
Cambrian sedimentary aquifers of the central management zone Western Davenport Water Control
District, as this is the area with greatest potential for intensive development.

Model Classification
Based on the classification scheme outlined in the Australian Groundwater Modelling Guidelines
(Barnett et al. 2012), the groundwater model presented herein is deemed to be Class 2. Based on the
objectives of the modelling study this is considered appropriate.

Hydrogeological Conceptual Model
The extents of the modelled area have been determined from the surface water catchment that
overlies the major aquifers in the central management zone of the Western Davenport Water Control
District. The groundwater divides have been assumed to be coincident with these features.
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The hydrogeological conceptual model consists of an aquifer system of layered sediments within a
generally SW/NE trending fault-bounded basin between the Davenport Ranges to the north and the
Arunta Complex to the south. Groundwater recharge from infiltration events provides the input into
the aquifer system are generated from runoff during episodic high intensity rainfall events that move
across this region on average approximately once every 20 years. Evapotranspiration from the
unsaturated zone and lateral groundwater throughflow provide the system loss parameters.

Model platform
The DHI MIKE SHE 2016 finite-difference code was used to simulate the processes associated with
episodic recharge (ie overland flow, unsaturated zone flow and evapotranspiration) and threedimensional groundwater flow. The model uses 5-layers to represent the aquifers in the Western
Davenport WCD.

Parameter estimation
The calibration period of the simulation extends from 01/01/1970 to 01/01/2015 for a total of 45
years. The hydrologic boundaries of the model include areal recharge, overland flow, no-flow and
fixed heads. Each boundary was included to represent a specific aspect of the groundwater-flow
system. Groundwater pumping in the model represents public supply and horticultural use reported
figures on actual usage and best estimated usage. Groundwater pumping data was compiled from
Power and Water Corporation (PWC) and DENR to develop a pumping record for the period from
1990 to 2016. Site-specific pumping was used when available.
Hydraulic properties in the model were assigned through discrete zones (large areas possessing the
same property values) and pilot points. The value of each pilot point, as well as other discrete zone
parameters, was adjusted through manual and automated methods to achieve a best fit of observed
values of hydraulic head and water balance estimates.
Simulated hydraulic heads were compared to 19936 measurements from 44 wells in the aquifers of
Western Davenport WCD model area. Simulated hydraulic heads were generally in good agreement
with observed hydraulic head values, following long term trends and reproducing the observed
episodic recharge events. The average root mean square error value of hydraulic head for the steady
state model of the Western Davenport WCD groundwater system was 7.34 metres and the scaled
RMS is 3.7%.

Predictive scenarios
The model was used to simulate groundwater levels and water balance changes resulting from
prolonged pumping to evaluate sustainability of current and projected water-use demands. Each of
the scenarios utilised the calibrated model to simulate a 45-year period from 1970 to 2015.
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Groundwater resource sustainability
Based on the predictive scenarios the groundwater systems within the Western Davenport WCD have
adequate available storage, for example the saturated aquifer in the Central Zone, has of the order of
45000 GL in storage, which is more than 2 orders of magnitude greater than the applied groundwater
extraction rate. However, there appears to be up to a 30% impact on GDEs as evidenced in the
reduction in predicted evapotranspiration losses under the pumping scenario for predicted usage of
all proposed allocations.
The very large volume in storage is expected to provide a buffer to the impacts from groundwater
abstraction provided development is not too close to areas sensitive to groundwater level decline. The
robust nature of the aquifer system means an adaptive management approach can be applied where
5 – 10 year reviews of the water allocation plan would be appropriate.
Current entitlements are likely to result in a minor drawdown response where regionally the effects of
groundwater extraction will be undetectable from the natural scenario after a prediction period of 45
years. Longer predictions would result in propagation of the draw down across a wider area around
the extraction sites, which would require projections of climate and the inherent uncertainty
associated with lack of data on climate change in the Arid Zone.
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millimetre per day

pF

log scale for representing soil matric potential

RMS

root mean square

SRMS

scaled root mean square

SRTM

Shuttle Radar Topographic Mission

T

Transmissivity (metres squared per day)
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1 Background
1.1. Introduction
The Western Davenport Water Control District (WDWCD) is located approximately 150 km south of
Tennant Creek and extends over an area of approximately 24500 km2. The southern boundary of the
WDWCD follows the outline of the Ti Tree WCD, and extends up from about 10 km north of Wilora in
its centre to include the community of Mungkarta at its northern edge. From the west it includes the
Hanson River and extends east to cover most of Murray Downs Station. The Stuart Highway bisects
the Western Davenport WCD passing through Barrow Creek, Wycliffe Well and Wauchope.
Groundwater accounts for 100% of water supplies in the WDWCD so that, essentially, all public water
supplies, and the pastoral and horticulture industries rely on it. The aquifers currently provide
domestic water supplies to Alekarenge, several Aboriginal outstations, two homesteads, one
roadhouse and associated tourist facilities. Stock water for three cattle stations is extracted using
stock bores across the WCD. The annual extraction from the aquifers is estimated to be less than
2000 ML/a.
Regional aquifer assessment incorporating diffuse recharge processes, storage and unsaturated zone
losses are best simulated using a numerical 3-D model with the capability for transient state
modelling. Analytical models can be used to assess local development scenarios ie determining
borefield performance / well interference, however, analytical models are considered unsuitable for
groundwater basin sustainable yield estimation mainly because they lack the ability to simulate output
mass balance but also because their treatment of inflow and outflow component interaction cannot
be rigorous and their response is based on linear superposition theory. These models are considered
more appropriate to local and ‘first- pass’ assessments. Sustainable yield calculation based on the
groundwater level response alone using such models is not considered suitable (Kalf & Woolley,
2005).
CloudGMS has been commissioned by DENR to develop a numerical groundwater model of the
aquifers within the central area of the WDWCD to improve confidence in the sustainability of the
groundwater resources, as this is the area within the WCD with greatest potential for intensive
development.
1.2. Modelling objectives
The objectives of this numerical groundwater modelling study of the central Western Davenport
aquifer system:
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•

determine water balance estimates for the various aquifers in the central WDWCD.

•

inform future appropriate volumetric extraction rates (e.g. how best to limit the groundwater
level drawdown for existing users and GDES by modifying the pumping regime); and

•

confirm the sustainable yield of the aquifers within the central zone of the WDWCD, which in
turn will enable DENR to formulate a Water Allocation Plan based upon a range of predictive
scenarios as well as the response of the aquifer to medium and long term extraction
stresses.

1.3. Modelling study scope of works
The major components of the groundwater modelling study will include:
•

Data review and conceptualisation;

•

Model design and configuration;

•

Steady state and transient model development and calibration;

•

Predictive groundwater flow modelling;

•

Predictive uncertainty analysis; and

•

Model development and scenario documentation.

1.4. Modelling process
The modelling study will be completed as a staged approach in accordance with the 2012 Australian
Groundwater Modelling Guidelines (Barnett et al, 2012).
A flow diagram of the modelling process is presented in Figure 1-1. Modelling studies are often an
iterative process, and this study is building on the previous work conducted in the WDWCD identified
below in section 2.4.
The current document details the steps identified in the process:
•

A collation of available data for the WDWCD is presented.

•

The available data is then assessed and interpreted to provide a conceptual model of the
groundwater system.

•

The initial design of the groundwater model that will be used in the calibration stages is then
described.

•
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Figure 1-1 Groundwater modelling process
after Barnett et al, (2012)

1.5. Model classification
The groundwater model presented is deemed to be Class 2 using the classification presented by
Barnett et al (2012). Based on the objectives of the modelling study this is considered appropriate,
notably for the evaluation of a basin scale aquifer over medium and long term (100yrs) response
times. Table 1 identifies the classification criteria met by the current model.
It should be noted that some of the criteria match a Class 3 model. However, the lack of bore
information to the south and north of the main aquifer system, the limitations of the metered
groundwater extraction data (ie total extraction is available but spatial and temporal coverage is not
extensive) and magnitude of pumping during predictions compared to current pumping stresses
mean that the model classification has been regarded as Class 2.
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Table 1 Model classification criteria (after Barnett, 2012)

Data

Calibration

Prediction

Key indicator

Example of use

Spatial and temporal distribution of
groundwater head observations
adequately define groundwater
behaviour, especially in areas of
greatest interest and where
outcomes are to be reported.

Scaled RMS error or other
calibration statistics are
acceptable.

Length of predictive model is not
excessive compared to length of
calibration period.

Key calibration statistics are
acceptable and meet agreed
targets.

Suitable for predicting groundwater
responses to arbitrary changes in
applied stress or hydrological
conditions anywhere within the
model domain.

Spatial distribution of bore logs
and associated stratigraphic
interpretations clearly define
aquifer geometry.

Long-term trends are adequately
replicated where these are
important.

Temporal discretisation used in the
predictive model is consistent with
the transient calibration.

Model predictive time frame is less
than 3 times the duration of
transient calibration.

Provide information for sustainable
yield assessments for high-value
regional aquifer systems.

Reliable metered groundwater
extraction data is available.

Seasonal fluctuations are
adequately replicated where these
are important.

Level and type of stresses
included in the predictive model
are within the range of those used
in the transient calibration.

Stresses are not more than 2
times greater than those included
in calibration.

Evaluation and management of
potentially high-risk impacts.

Rainfall and evaporation data is
available.

Transient calibration is current, i.e.
uses recent data.

Temporal discretisation in
predictive model is the same as
that used in calibration.

Can be used to design waterallocation plans.

Aquifer-testing data to define key
parameters.

Model is calibrated to heads and
fluxes.

Mass balance closure error is less
than 0.5% of total.

Simulating the interaction between
groundwater and surface water
bodies to a level of reliability
required for dynamic linkage to
surface water models.

Good quality and adequate spatial
coverage of digital elevation model
to define ground surface elevation.

Observations of the key modelling
outcomes dataset is used in
calibration.

Model parameters consistent with
conceptualisation.

Reliable land-use and soilmapping data available.

Appropriate computational
methods used with appropriate
spatial discretisation to model the
problem.

Class 2

The model has been reviewed and
deemed fit for purpose by an
experienced, independent
hydrogeologist with modelling
experience.

Data

Calibration

Prediction

Key indicator

Example of use

Groundwater head observations
are available but may not provide
adequate coverage throughout the
model domain.

Calibration statistics are generally
reasonable but may suggest
significant errors in parts of the
model domain(s).

Transient calibration over a short
time frame compared to that of
prediction.

Key calibration statistics suggest
poor calibration in parts of the
model domain.

Prediction of impacts of proposed
developments in medium value
aquifers.

Bore logs are available but may
not provide adequate coverage
throughout the model domain.

Long-term trends not replicated in
all parts of the model domain.

Temporal discretisation used in the
predictive model is different from
that used in transient calibration.

Model predictive time frame is
between 3 and 10 times the
duration of transient calibration.

Evaluation and management of
medium risk impacts.
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Table 1 cont.

Calibration

Prediction

Key indicator

Example of use

Metered groundwater- extraction
data may be available but spatial
and temporal coverage may not be
extensive.

Transient calibration to historic
data but not extending to the
present day.

Level and type of stresses
included in the predictive model
are outside the range of those
used in the transient calibration.

Stresses are between 2 and 5
times greater than those included
in calibration.

Providing estimates of dewatering
requirements for mines and
excavations and the associated
impacts.

Seasonal fluctuations not
adequately replicated in all parts of
the model domain.

Temporal discretisation in
predictive model is not the same
as that used in calibration.

Designing groundwater
management schemes such as
managed aquifer recharge, salinity
management schemes and
infiltration basins.

Observations of the key modelling
outcome data set are not used in
calibration.

Mass balance closure error is less
than 1% of total.

Estimating distance of travel of
contamination through particletracking methods. Defining water
source protection zones.

Class 2

Data

Not all model parameters
consistent with conceptualisation.
Spatial refinement too coarse in
key parts of the model domain.
The model has been reviewed and
deemed fit for purpose by an
independent hydrogeologist.

Criterion met.

Criterion met by current model study at the relevant class

Criterion partially met.

Criterion partially met by current model study across two classes

Criterion met through higher model classification.

Criterion met in higher
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1.6. Limitations
The ground surface used for the model has been obtained from Shuttle Radar Topography Mission
(SRTM) data at a resolution of 90m. It is assumed that there is limited vegetation cover over the study
area which may induce errors in SRTM elevation measurements.
The unsaturated zone has been modelled using representative soil parameters documented in the
literature. However, there are no field based data for soil parameters in the study area. Unsaturated
zone processes are the subject of scientific investigations currently under way in the adjacent Ti-Tree
basin, and may provide better insight into the Western Davenport soils in due course.
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2 Physical setting
2.1. Location
The WDWCD is located approximately 150 km south of Tennant Creek and extends over an area of
approximately 24500 km2. The southern boundary of the Western Davenport WCD follows the outline
of the Ti Tree WCD, and extends up from about 10 km north of Wilora in its centre to include the
community of Mungkarta at its northern edge. From the west it includes the Hanson River and
extends east to cover most of Murray Downs Station. The Stuart Highway bisects the WDWCD
passing through Barrow Creek, Wycliffe Well and Wauchope.
The WDWCD extends over significant sections of five cattle stations and several Aboriginal land
holdings including the Warrabri Aboriginal Land Trust (ALT), as shown in Figure 2-1. The community
of Ali Curung located on the Warrabri ALT lies towards the centre of the District, and with a population
of around 500 is its largest community. Overall it is estimated that about 1000 people live in the
WDWCD, mainly in small Indigenous communities.
The WDWCD has predominantly flat terrain, although the north-east edge straddles the low and
rugged rocky hills of the Davenport Ranges and the south-east edge includes the Forster and Spring
Ranges. Between the ranges, the basin consists mainly of lightly wooded red aeolian sand plain
covered with spinifex, and dense mulga shrubland, with intermittent low sand dunes, large patches of
alluvial floodout country, ephemeral swamps and clay pans, and some small areas of colluvial foot
slopes adjacent to the ranges. The Osborne, Crawford and Watt Ranges flank the southern and south
western margins.
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Figure 2-1 Location of the study area.

2.2. Climate
The climate is hot in summer and mild in winter. The average monthly maximum temperature is nearly
38°C in summer and about 24°C in winter (refer Figure 2-2). Temperatures of up to 43°C are common
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in summer; frosts have been only rarely recorded in winter. Rainfall is virtually restricted to the summer
months, although it is unreliable.
Average annual rainfall based on the SILO data for the period 1900-2016 is 310 mm. Average
potential evaporation for the same period is 3599 mm.
Potential evaporation exceeds rainfall by between 4 times in the summer months and more than a
factor of 10 times during winter months.

Figure 2-2 Average monthly rainfall compared to average max and min temperatures and average
monthly rainfall compared to monthly potential evaporation for the period 1900-2014 (SILO Data
Drill).

2.3. Vegetation
Soft spinifex (Triodia pungens) is abundant over most parts of the area, with scattered Eucalyptus
papuana (ghost gum) and Eucalyptus brevifolia (snappy gum). Triodia basedowii (hard spinifex) occurs
sparsely in the lower areas, particularly in places occupied by rocks of the Warramunga Group.
Acacia aneura (mulga) forms thick scrub on low-lying clay flats, and numerous acacia species grow
on the more sandy areas. Patches of perennial tussock grass, such as Eragostis eriopoda
(woollybutt), grow on the wetter sandy areas. Along the shallow valleys and in the floodout areas E.
papuans (ghost gum) and E. camaldulensis (river red gum) are common.
2.4. Previous studies
Several previous studies have been conducted by the DENR Water Resources Division. A summary of
the available reports specific to the Western Davenport WCD are presented in Table 2.
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Table 2 Relevant hydrogeological investigations conducted in the study area.

Author

Year

Description

Verhoeven, T. J. &
Read, R. E.
Carosone, F.

1978

Warrabri community water supply. WRA79004

1990

Gilbert, L. & Jolly, P.

1990

Gilbert, L. & Jolly, P.

1990

Paul, R.

2001

Matthews, I.
(Centrefarm)
Paul, R.

2004

Rooke E. (AGT)

2007

Ride, G.

2007

Sumner, J.
Pye, A.

2008
2008

Rooke, E.
(HydroTasmania
Consulting)
Sumner, J.
Pye, A.
Tickell, S.

2009

Singleton - Murray Downs Groundwater Resources Evaluation
Stage 1 Interim Report. WRA90003
Singleton - Murray Downs Groundwater Resource Evaluation Stage 1. WRA90012
Singleton - Murray Downs Groundwater Resource Evaluation Stage 1 - Summary Report. WRA90045
Warrabri - Murray Downs Groundwater Investigation 2001.
WRA02013
Warrabri Aboriginal Land Trust Preliminary Borefield Design
Assessment
Groundwater Investigation for Horticulture: 2004
Western Davenport Plains Locality WRA05004
Alekarenge Horticultural Project, Warrabri Aboriginal Land Trust –
Water Supply Borefield Development – Stage 2, Borefield Siting
and Design
Land and Water Resources of the Western Davenport Plains
Preliminary Technical Overview. WRA07022
Iliyarne ALT Investigation Bore RN018401. WRA08011
Bore Completion Report Neutral Junction 2008
RN018402,18403, 18404 & 18405 RN018346, 18347 & 18348
WRA08029
Assessment of Groundwater Resources in the Western
Davenport Plains Water Control District

2005

2011
2011
2014

Water Allocation Plan 2011 - 2021
Groundwater in the Western Davenport Water Control District

2.5. Previous groundwater modelling studies
Groundwater modelling was conducted within the WDWCD in 2004 by CentreFarm and in 2007 by
AGT.
The AGT (2007) report presented 3 groundwater models of the Alekerange borefield to examine the
long term sustainability of the groundwater source. The location of the groundwater models relative to
the current study are presented in Figure 2-3.
The model parameters used in the study are summarised below:
2.5.1. Drawdown model
The drawdown model domain (Figure 2-3) was established to examine:
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•

the potential for drawdown interference between the proposed new borefield and the existing
water supply bores at the Ali Curung community; and

•

the separation of production bores within the proposed borefield.

Boundary conditions at the north
eastern (up

western (down

groundwater hydraulic gradient) and south

groundwater hydraulic gradient) ends of the domain are represented by general head

boundaries and starting heads are as shown in Figure 4 for Layer 1 and are similar for Layers 2 and 3.
2.5.2. Sub-regional model
The sub

regional drawdown model was used to demonstrate that the impacts of the horticulture

borefield will not be felt by adjacent users and made the following conclusions:
•

The farm development will have negligible impact on Ali Curung community water supply;

•

The modelled drawdowns of the proposed borefield will neither interfere with Thring Swamp
(some 20 km to the north

•

west of the borefield) nor with Wycliffe Creek;

The Piggery Bore Swamp lies some 800 m east of the modelled zero drawdown contour and
on this basis will be unaffected; and

•

Only the downstream outlet of Warrabri Swamp at bore, RN002881 lies within the radius of
influence (at approximately the 2 m drawdown contour) but this is not believed to be a true
GDE.

2.5.3. Solute transport model
The third model domain was constructed in order to carry out solute transport modelling to examine
the distribution and fate of groundwater salinity during production pumping.
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Figure 2-3 Extent of the AGT 2007 modelling study compared to the current study model domain.
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3 Available data
3.1. Climatic data
Climatic data are available at three rain gauges in the Western Davenport WCD (WDWCD) area.
However, to ensure the continuity of data the SILO data drill was used to provide rainfall and
evaporation data for this study. The SILO data site was located at Latitude, Longitude: -21.1500
134.3000 (Decimal Degrees), 21°09'S 134°18’E Elevation: 448m.
3.1.1. Rainfall trends
The SILO Data Drill rainfall data are presented in Figure 3-1 as annual totals with a trace of mass
residual to show long-term trends in the rainfall record. The mass residual values show generally dryer
than average conditions existing prior to 1970, and generally wetter than average conditions after
1970.

Figure 3-1 Annual SILO rainfall totals with a trace of mass residual to show longer term trends in the
rainfall (1900-2016).

3.1.2. Southern oscillation index (SOI)
The Southern Oscillation Index (SOI) shows sustained positive values over +8 on 6 occasions since
1970 (Figure 3-2), which correspond to La Nina events and higher rainfall years seen in Figure 3-1.
These events lead to appreciable recharge to the aquifers via direct infiltration through the soil and as
infiltration along drainage from surface water flows.
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Figure 3-2 Southern oscillation index highlighting positive SOI values (greater than +8), which
correspond to La Niña events. La Niña events are often associated with wetter than normal
conditions across eastern and northern Australia.

3.2. Topographic data
The Shuttle Radar Topography Mission (SRTM) digital terrain model (Farr et al., 2007) is available for
the entire Northern Territory (in fact the entire globe). The digital terrain model is presented below in
Figure 3-3. The digital terrain model was also used to determine surface water sub-catchments based
on the locations of pour points at the outlet of each sub-catchment. Unfortunately, in areas where
there is considerable vegetation cover (eg riparian zones along rivers) the SRTM data reflects the
height of the vegetation and depending on the type of vegetation can produce elevations up to
15 metres above the actual ground level. It is assumed that the majority of the study area has limited
vegetation cover and errors in elevation due to vegetation are minimal.
Catchment definitions were developed using SURFER® hydrologic tools. The hydrologic tools allow
for the identification and removal of sinks by filling depressions, determination of flow direction,
calculation of flow accumulation, delineation of watersheds, and creation of stream networks.
During calibration it was found that the topography defining the lower end of Taylor Creek was
influenced by vegetation and runoff was being diverted away from the area where recharge was being
observed. The topographic elevation values in the MIKE SHE DFS2 file were adjusted to reflect the
location of the mapped surface water drainage in the area.
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Figure 3-3 SRTM derived topography of the Western Davenport Plains study area with derived
drainage and watershed boundary.
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3.3. Geology
3.3.1. Regional geology
The study area comprises the southern half of the Bonney Well 1: 250,000 geological maps (Wyche &
Simons, 1987) and the northern half of the Barrow Creek 1: 250,000 geological maps (Haines, Bagas,
Wyche, Simons, & Morris, 1990).
The WDWCD is located within the south-eastern edge of the southern part of the Wiso Basin and the
north-western margin of the Georgina Basin.
The interconnected Wiso and Georgina Basins collectively formed part of a vast depositional area that
extended across northern, central and southern Australia. The limit of the Georgina and Wiso Basins
is poorly defined by a basement high interpreted from regional geophysics. These neighbouring
basins contain stratigraphic successions of similar age.
The Wiso Basin is an east south-east trending Neoproterozoic to Palaeozoic intracratonic sag basin.
About 80% of the basin, predominantly to the north, is very shallow, containing less than 300 m of
middle Cambrian rocks. The main basin depocentre is the structurally-controlled Lander Trough along
the southern margin, which includes a much thicker succession of Cambrian, Ordovician and
Devonian rocks. These successions have been estimated to be up to 2,000-3,000 m thick and may
reach a maximum of 4,500 m (Kruse & Munson, 2013).
The main aquifers within the WCD are bounded to the north-east by the Davenport Province of the
Tennant Creek Inlier and to the south-west by the Aileron Province of the Arunta Region.
The basement geology consists of Wiso Basin Palaeozoic metasediments, Proterozoic Granites and
the Hatches Creek Group of sandstone and volcanics.
The Davenport Province to the north is a mildly deformed and metamorphosed, Palaeo- to
Mesoproterozoic succession of siliciclastic metasedimentary and volcanic rocks. These
unconformably overlie the Tennant Creek Inlier, a volcaniclastic and flysch sedimentary rock sequence
which was intruded by granites and deformed by the Tennant Event at ~1850 Ma.
The Arunta complex is a late Palaeoproterozoic to Ordovician succession of sedimentary, volcanic,
and intrusive rocks interrupted by several tectono-thermal events (deformation, metamorphism,
granite production) (Questa Australia Pty Ltd., 1994).
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Figure 3-4 Schematic map of southern Wiso and Georgina basins showing the locations of
Palaeozoic depositional troughs. Lander Trough, along southern Wiso Basin margin, is on trend with
Dulcie trough of the Georgina Basin to southeast, both of which are separated from Proterozoic
rocks of Aileron Province by a series of thrust fault systems.

3.3.2. History
Sedimentation commenced in the early Middle Cambrian with deposition of marine carbonates and
overlying shallow marine to intertidal sediments. During the Late Cambrian uplift, erosion occurred,
possibly as part of the Delamerian Orogeny. This was followed by deposition of shallow marine to
fluvial sediments during the Late Cambrian to Early Ordovician with shallow marine carbonates and
siliciclastics following later in the Ordovician after which deposition ceased. In the Devonian, the
Aileron Province of the Arunta Block to the south was uplifted during a phase of the Alice Springs
Orogeny leading to deposition of Devonian to Early Carboniferous sediments along the southern
margin of the basins. The most significant faulting is along the southern margin of the Lander Trough.
A series of parallel, east-south-east trending faults with an overall displacement of over 2,000 m,
places sediments of the Wiso Basin against the crystalline rocks of the Aileron Province (Arunta
Region).
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3.4. Stratigraphy
The area contains, from oldest to youngest geology the sedimentary and volcanic rocks of the
Archean Arunta Complex and Proterozoic Davenport province rocks of the Tennant Creek Inlier, flatlying Palaeozoic and Devonian aged sandstones of the Georgina Basin / Wiso Basin sediments, and
Quaternary and Tertiary sedimentary deposits.
The Archean Arunta Complex outcrop to the south and southwest of the study area.
The Proterozoic Hatches Creek Group outcrop to the east and south of Murray Downs homestead
and north of Alekerange. Rocks of the Hatches Group form the ridges that delineate the study area to
the southwest and northeast. These are mostly shallow water sedimentary rocks comprising ridge—
forming arenites, siltstones, mudstones, shale, carbonates and, possibly, evaporites. The rocks of the
Hatches Group are folded into several major, upright, open to tight synclines, anticlines, domes and
basins and are displaced by several faults.
The Hatches Creek Group has undergone low—grade metamorphism, and is unconformably overlain
by unmetamorphosed conglomerates and sandstones of Cambrian and Devonian age. These rocks
bear different names in the Wiso and Georgina Basins, and an effort has been made in the
Stratigraphy of Table 5 to correlate equivalent formations.
The northern part of the study area includes the Lander Trough of the Wiso Basin and to the
southeast the Dulcie Trough of the Georgina Basin. These two depo-centres are separated from the
Proterozoic rocks of Aileron Province by a series of thrust fault systems (Kruse & Munson, 2013).
The formations identified within the Wiso Basin include; the Cambrian Hooker Creek Formation,
Ordovician Hanson River Beds, and Devonian Lake Surprise Sandstone.
The Georgina Basin sediments are the Arrinthrunga Formation, mostly limestone with minor
sandstone, and the underlying Chabalowe Formation which consists mostly of sandstone with minor
limestone.
The Cenozoic deposits consisting of Tertiary and Quatenary aged sediments cover most of the
Western Davenport Plains area and generally mask the underlying units.
Tertiary sediments unconformably overly the Palaeozoic rocks. They are not seen in outcrop, except
for some silty limestone / calcrete near the central Southern portion of the study area, at Bluebush
Bore. The Tertiary sediments fill the Lander Trough, with a maximum thickness of 92 m observed in
the centre of the study area, and wedge out to the north—east over the Hatches Group rocks at the
foothills of the Davenport Range.
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Sediments of Quaternary age blanket most of the area and comprise ferricrete and lateritic gravels,
calcrete, silt and gravel, alluvial and colluvial sands, lacustrine deposits and claypans, residual and
aeolian sand and silt, including sheet sands and dunes on the plains.
Table 3 Summary of stratigraphic succession of the Georgina Basin modified from Kruse, et al., 2013.
Age

Unit

Lithology

Devonian

Dulcie
Formation

Middle to
Late
Cambrian

Arrinthrunga
Formation

Middle
Cambrian

Chabalowe
Formation

Cross-bedded, medium to thickly
bedded quartz sandstone, with
rare beds of silty calcareous
sandstone and pebble
conglomerate.
Locally silicified and evaporitic
limestone and dolostone, minor
quartz sandstone, siltstone and
shale.
Medium to coarse, cross-bedded
dolomitic quartz sandstone and
dolomitic siliciclastic siltstone,
and minor quartzose, silty and
peloid-intraclast dolostone and
mudstone. A basal arkosic
conglomerate may occur above
Palaeoproterozoic granite

Early to
Middle
Proterozoic

Hatches
Creek Group

Depositional
Environment
Continental Aeolian
and braided
fluviatile

Stratigraphic
Relationship
Unconformable on
Arrinthrunga,
Chabalowe

Shallow subtidal to
peritidal

Conformable on
Chabalowe
Formation

Near shore,
restricted marine to
peritidal

Table 4 Summary stratigraphic succession of the Wiso Basin modified from Kruse & Munson, 2013.
Age

Unit

Lithology

Depositional
Environment

Stratigraphic
Relationship

Devonian

Lake
Surprise
Sandstone

White to light brown, fine to
medium quartz sandstone;
low- angle cross-beds

Shallow marine,
shore face,
?fluviatile

EarlyMiddle
Ordovician

Hanson
River beds

Shallow marine
to ?fluviatile

Middle
Cambrian

Point
Wakefield
Beds

Fine to medium sandstone,
siltstone, micaceous
claystone, limestone
glauconitic dolostone,
microbialite; fossiliferous,
ooids
White and brown, locally
calcareous claystone,
?overlain by interbedded
claystone and sandstone;
fossiliferous, cross-beds in
sandstone

Unconformable
on Hanson River
Beds, Lothari Hill
Sandstone
Unconformable
on Point
Wakefield Beds

Pale- to red-brown, fine quartz
sandstone, locally micaceous

Intertidal to
?shore face

Lothari Hill
Sandstone
CloudGMS

Shallow marine
to ?fluviatile

Unconformable
on Lothari Hill
Sandstone,
Hooker Creek
Formation,
Montejinni
Limestone
Conformable and
gradational on
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Age

Unit

Hooker
Creek
Formation

Montejinni
Limestone

Lithology

or dolomitic; minor claystone,
dolostone; dessication cracks,
vertical ?burrows, minor lowangle cross-beds, symmetric
ripples
Red-brown to maroon-green,
laminated, bioturbated
micaceous siltstone and grey
dolomitic mudstone, minor
limestone, quartz sandstone;
limestone beds fossiliferous
Limestone and dolostone
(including microbial
(dolo)laminate and mottled
bioclast, oncoid and ribbon
types), maroon-green
siltstone; minor dolomitic
quartz sandstone; local basal
polymict breccia; nodular
evaporates, hot and cold seep
structures; fossiliferous;
tripartite limestone-mudstonelimestone

Depositional
Environment

Stratigraphic
Relationship

Hooker Creek
Formation

Peritidal to
restricted marine

Conformable and
gradational on
Montejinni
Limestone

Peritidal to
restricted marine

Unconformable
on ?Proterozoic
basement rocks

3.4.1. Palaeoproterozoic Hatches Creek Group (Ph)
The northeast of the WDWCD area comprises outcropping Palaeoproterozoic rocks of the Hatches
Creek Group. The Hatches Creek Group is a 10 km thick sequence of clastic sedimentary, and both
felsic and mafic volcanic rocks. It is folded into open domes and basins. Its exposure is restricted to
some 100 km2 in the Murchison Range. Here, the sequence is sandstone, conglomerate, siltstone,
mudstone, shale, carbonate and possible evaporite, with interbedded lava and pyroclastic rocks, and
is described fully in Blake et al (1987) and Wyche and Simons (1987).
3.4.2. Late Proterozoic Central Mount Stuart Group (Pus)
In the Barrow Creek 1:250 000 Sheet area, the Central Mount Stuart Beds rest unconformably on
granite and metamorphic rocks of the Arunta Block, and are conformably overlain by a formation
which contains Early Cambrian fossils (Smith & Milligan, 1964). The Central Mount Stuart Beds are
juxtaposed against the Upper Cambrian to Lower Ordovician Tomahawk Beds, but the contact is
obscured by alluvium; a fault with a displacement of about 1.5 km may exist, but Shaw et al. believe
that an unconformable on-lapping relationship of Tomahawk Beds on to Central Mount Stuart Beds is
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more likely. The Central Mount Stuart Beds are a dominantly red-bed sequence comprising several
different rock-types.
In the Barrow Creek 1:250 000 Sheet area, the Beds begin with brown silty sandstone, siltstone, and
pebble conglomerate, followed by red arkose, sandstone, and greywacke, with interbeds of siltstone
and rare dolomite the average thickness is about 140 m, with a maximum of about 250 m (Smith &
Milligan, 1964).
The Beds comprise:
(i)

a local basal unit of grey or white feldspathic quartz sandstone with lenses of
conglomerate,

(ii)

a thick extensive unit of red lithic feldspathic quartz sandstone and shale with calcareous
sandstone at the base and dolomite near the base, plus some grey sandstone and
siltstone interbeds, and

(iii)

an upper unit of quartz sandstone and feldspathic quartz sandstone (Shaw et al., in prep.).

Lithic, arkosic and quartzitic arenite, white, purple and red-brown; siltstone, dolostone and minor
basal conglomerate.
3.4.3. Middle Cambrian Chabalowie Formation (-Cmc)
Dolomitic quartz sandstone and siltstone, intraformational breccia; minor dolostone, mudstone; basal
arkosic conglomerate.
The Chabalowe Formation crops out poorly on the north side of the Dulcie Syncline and in a graben
west and south of the Spring Range. Small outcrops north of Osborne Range have been tentatively
identified as Chabalowe Formation, suggesting that the formation continues into the Wiso Basin.
Southwest of the Davenport Range it unconformably overlies the Hatches Creek Group and is
transitionally overlain by the Arrinthrunga Formation in diamond drill holes BC3 and BC5 (Figure 3-6).
In the southern part of the WDWCD the Chabalowe Formation disconformably overlies the Neutral
Junction Formation.
In drill holes the Chabalowe Formation consists of interbedded quartzarenite (in part dolomitic),
siltstone, claystone, dolostone and evaporites. Ooids and stromatolites are common in the
dolostones. Outcrops are generally limited to vuggy, stromatolitic and ooidal chert rubble, and highly
leached or ferruginised sandstone and mudstone. In some areas the only surface expression is
ferricrete with minor Chert inclusions. In the area west and south of Spring Range, a relatively clean,
white, basal quartzarenite is exposed lying disconfomably above the Neutral Junction
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The Chabalowe Formation has been divided into two units, a lower carbonate dominated unit about
100 m thick defined as the Hagen Member, and an upper unnamed unit. The Hagen Member is
characterised by thick evaporite-rich (massive mosaic gypsum or anhydrite) horizons in an algal
dolostone and dolomitic pelite sequence. Chert interlaminations (silicified algal laminates) are common
and there is a basal intraclastic dolarenite. Some outcrops of chert rubble may be the weathered and
leached surface expression of the Hagen Member. The upper member is 150-200m thick and
consists of interbedded medium- to coarse- grained quartzarenite and dolomitic sandstone, sandy
dolostone, dolograinstone, dolomitic siltstone, cryptalgal dolostone and silty micaceous claystone.
Sedimentary features include desiccation cracks and gypsum pseudomorphs indicative of very
shallow water and evaporitic conditions.
The Chabalowe Formation was deposited in near-shore tidal and supratidal, lagoonal and sabkha (salt
flat) environments.
3.4.4. Upper Cambrian Arrinthrunga Formation (-Cua)
The Arrinthrunga Formation was defined by Smith (1964b), the type section being in the HUCKITTA
area. The formation crops out poorly near the eastern edge of the study area and has been
recognised in NTGS diamond drill holes BC1, BC3 and BC5 further west (Figure 3-6). These rocks
were originally mapped as part of the Tomahawk beds by Smith and Milligan (1964). The formation
transitionally overlies the Chabalowe Formation in BC3 and BC5, and is generally disconformably
overlain by the Tomahawk beds, but in BC1, BC3 and BC5 it is unconformably overlain by Tertiary
sediments.
The Arrinthrunga Formation consists of interbedded peloidal and oolitic dolomitic grainstone, sandy
dolostone, algal dolostone, and minor fine- to medium-grained dolomitic quartzarenite, quartzarenite,
limestone and dolomitic siltstone. Flat-pebble conglomerate containing dolostone and siltstone
pebbles and granules in a sandstone matrix are also present. Gypsum pseudomorphs and
desiccation cracks occur in the dolostones. Kennard (1981) has studied the Arrinthrunga Formation in
detail and considers that it was deposited in a complex sequence of extensive grainstone shoals and
intervening restricted lagoons which prograded through the southem part of the Georgina Basin from
north-west to southeast.
The maximum recorded thickness of the Arrinthrunga Formation in the study area is 235 m as
measured in BC1, although at the type section the formation reaches 975 m thick (Freeman and
Woyzbun, 1986).
The age of the Arrinthrunga Formation cannot be precisely determined, however, its stratigraphic
position indicates a Middle to Late Cambrian age (Kennard, 1981).
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3.4.5. Cambro – Ordivician Tomahawk Formation (-COt)
Sandstone dominates the Tomahawk Formation and consists of quartzose and glauconitic
sandstone, minor dolostone, limestone, dolomitic quartz sandstone, conglomerate. The Tomahawk
Formation rests disconformable on the Arrinthrunga Formation (Cua). Based on the presence of
cross-beds, ripples, current structures, flat-pebble conglomerate, ichnofossils, invertebrate fossils the
Tomahawk Formation is interpreted to have been deposited in a subtidal open marine, restricted
marine, littoral to sublittoral environment.
3.4.6. Ordivician Hanson River Beds (Oh)
Four lithological units were identified in Hanson River Beds by Kennewell and Huleatt (1980), where a
very detailed description of their lithology is included. Sandstone, fine to coarse grained, generally
poorly sorted and angular, but well sorted and rounded in parts, very silicified in parts; siltstone,
generally light green where fresh but weathers brown, sandy or clayey in parts, micaceous, fissile,
minor glauconite in parts; dolomite, medium crystalline, white, light brown, yellow, red-brown, or
black; dolomite, finely crystalline, white, chalcedonic in parts; coarse grained dolarenite: marine and
possibly fluvial.
The upper 10 m of the Hanson River Beds are red-brown in BMR Lander River 1, suggesting
weathering below the contact. Thickness may be up to 800 metres in the Lander Trough (Kennewell
& Huleatt, 1980).
3.4.7. Devonian Dulcie Sandstone (Dud)
The Dulcie Sandstone occurs in the southeastern portion of the WDWCD and disconformably overlies
the Tomahawk beds. No overlying unit is exposed, it being the youngest formation of the Georgina
Basin.
The Dulcie Sandstone consists of strongly cross-bedded, well-sorted, fine- to medium-grained,
medium- to very thick-bedded quartzarenite. The arenite contains minor tourmaline, muscovite,
kaolinite and oxides. The formation shows very little lithological variation although very thin coarsegrained gritty intervals have been observed at the base of some cross-bed sets. Individual cross-bed
sets range up to four metres in thickness with moderate to high angle forsets displaying divergent dip
directions and common avalanche structures.
3.4.8. Devonian Lake Surprise Sandstone (Pzl)
Devonian aged Lake Surprise Sandstone occurs in the north eastern portion of the WDWCD and is
lithologically very similar to Dulcie Sandstone. The Lake Surprise Sandstone unconformably overlies
the Hanson River beds capping the Wiso Basin sequence. The formation is confined to the Lander
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Trough and consists of feldspathic clayey sandstone, white, grading to dark brown if ferruginised, very
fine to medium grained, subangular to moderately well rounded, commonly bimodally sorted with silt
and clay matrix in parts and altered feldspar grains are common, silicified and/or ferruginised in some
outcrops, generally cross bedded, low angle cross bedding common, slight to extreme slumping in
some outcrops.
The Lake Surprise Sandstone is mostly flat lying with a maximum thickness of approximately 350 m
and is interpreted to have been deposited in a shallow marine or beach environment (Wyche &
Simons, 1987).
3.4.9. Cenozoic sediments
Quaternary deposits are typically thin and are probably less than 10 metres thick and are dominated
by a blanket of red aeolian sand (Dodson & Gardener, 1978).
Twelve Cenozoic units have been mapped in the area. The distributions of three of them are of
particular interest to this study.
•

Alluvial deposits (Qa) occur in active channels and floodplains such as Taylor Creek, Wycliffe
Creek and Skinner Creek.

•

Aeolian sand (Qs) is ubiquitous throughout most of the interior of Australia. In the Western
Davenport area, a widespread blanket of unconsolidated late Quaternary aeolian sand mantles
large sections of the lowland surfaces. These sands are typically fine to medium grained and
light reddish brown, and are both well sorted and well rounded. The sand has buried the preexisting topography and produced the modern essentially flat, nearly featureless landscape
vegetated with spinifex and small shrubs. The sands may also form active and stabilised fields
of northwest trending linear dunes, which are largely restricted to the south east of the study
area.

•

Calcrete (Czk) is common in outcrop in a northwest—trending band through the central
portion of the study area near BMR BC2 and to the northwest of Wycliffe Well Creek. The
calcrete is probably formed by evaporation of groundwater, similar to the system identified in
the Ti Tree Basin (Haines, Bagas, Wyche, Simons, & Morris, 1990).

Tertiary aged sediments, up to 100 metres thick, form a non-marine basin unconformably overlying
the Palaeozoic rocks. They are generally not observed in outcrop, except for some silty limestone /
calcrete near the central portion of the study area, at BMR BC2 and to the northwest of Wycliffe Well.
The maximum thickness of the Cenozoic sediments is approximately in the centre of the study area,
and wedge out to the north—east over the Hatches Group rocks at the foothills of the Davenport
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Range. The distribution and thickness of the Cenozoic sediments were determined by Tickell, (2014)
and are reproduced below in Figure 3-5.

Figure 3-5 Distribution and thickness of Cenozoic sediments in the WDWCD after Tickell, (2014).
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3.4.10.

Geological structure

Overall the Wiso Basin comprises a west-northwest trending, thick depocentre, the Lander Trough,
and an extensive, much thinner and less deformed area flanking the trough to the north. Over much of
the basin, the flat-lying succession is little affected by techtonism.
The Lander Trough, along the southern basin margin, is on trend with the Dulcie and Toko troughs
(synclines) of the Georgina Basin to the southeast, all three of which are separated from Proterozoic
rocks of the Aileron Province by a series of thrust fault systems. Regional dip steepens to an
estimated 2 degrees or more in the trough and limited seismic data indicate that the Palaeozoic
succession thickens considerably southwards (Mathur in Kennewell and Huleatt 1980), giving an
overall asymmetry to the basin fill. This suggests that the original structure of the trough was a halfgraben, with subsidence presumably controlled by a master detachment fault system forming the
southern depositional margin and probably underlying the trough.
The present faulted southern margin with the adjacent Arunta Region is a series of east-southeast
trending, southwest dipping thrust faults with a total displacement of over 2000m. It is unclear
whether or not the depositional margins of the basin coincide these present day faults. No marginal
basin facies has been reported from the vicinity of the structures and the sense of movement (southside-up thrusting) is opposite to that of the inferred, north-side-down, normal listric faults that would
have originally bounded the half-graben. It is therefore possible that early Palaeozoic deposits may
have extended southwards across the present southern margin of the basin, but have subsequently
been uplifted and eroded.
Major faults in the area trend northwest to west. Plumb (1976) noted that west-northwest-trending
faults are widespread throughout north-central Australia and are commonly thrust and reverse faults.
North-trending strike-slip and oblique-slip faults are also present. Many of the faults show evidence of
reactivation both on a local and regional basis (Dodson and Gardener, 1978; Plumb, 1976).
Taylor Fault is one of the major structural features in the study area. The fault has been reactivated as
indicated by the development of the fault bounded Tertiary basin.
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Figure 3-6 Surface geology derived from the 1:1000000 scale geology coverage and the location of
the geological cross-section from Haines, et al., (1990).
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The cross-sections presented in Figure 3-7 are also located on the geology map along with the
location of the relevant diamond drill cored holes described by (Haines, Bagas, Wyche, Simons, &
Morris, 1990).

a)

b)
Figure 3-7 Geological cross-sections after Haines, et al., 1990. The locations of the cross-sections
are presented in Figure 3-6.

3.5. Hydrogeology
3.5.1. Water bores
Whilst many bores have been drilled across the WDWCD they are not uniform in total depth,
separation or reliability of the data, and, as such, do not provide an overall understanding of the
extent, variability and characteristics of the main aquifers. There are clusters of bores in localised
areas e.g. Alekarenge and Wycliffe Well, and only a relatively limited number of bores drilled into the
deep Chabalowe and Arrinthrunga Formations aquifers.
Several cored stratigraphic bores have been drilled by the NTGS and the old BMR. These bores
provide key information on the stratigraphy of the Chabalowe and Arrinthrunga Formations.
Many of the bores which have been drilled across the WDP were drilled as stock or community bores
where drilling ceased after obtaining limited yields required and most of the bores drilled penetrate
down to a maximum depth of 120 m bgl; with the majority terminating between 40 and 80 m bgl,
indicating completion in the Cenozoic / upper Cambrian aquifers, or the weathered, fractured rock in
fractured (bedrock) rock aquifers.
Only a limited number of high yielding production bores have been drilled and test-pumped for short
durations. Primarily, the testing was undertaken to establish production bore pumping rates, and
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secondarily to determine aquifer hydraulic characteristics. The majority of bores have only been airlifted at completion of drilling. Such air-lift yields tend to underestimate the yield of the aquifer and are
of little use in determining aquifer sustainable yields (and wellfield yields or capacity).
Bore yields for the same type of aquifers have been quite variable. In view of the limited number of
investigation production bores that have been drilled to date and the known variability of the strata,
some caution should be exercised in projecting the potential for the upper range of continuous bore
yields in the same formations across the region.
3.5.2. Hydrogeological mapping
Hydrogeological mapping of the WDWCD has been conducted by Tickell (2014). The Cambrian
aquifers of the Georgina Basin and Wiso Basin, which have been grouped into two main aquifers
referred to as the Arrinthrunga and Chabalowe Formations, along with overlying Cenozoic sediments
constitute the regional aquifers of the WDP. The Devonian aged sediments Dulcie Sandstone and
Lake Surprise Sandstone also form sub-regional aquifers in the study area.
The Cambrian aquifers are considered to be semi-confined and inter-aquifer leakage is believed to be
an important mode of recharge, that occurs by rainfall-runoff infiltration and percolation from the
younger near surface aquifers to the older aquifers at depth.
The potentiometric surface presented in Figure 3-11 is a subdued reflection of the topography with
groundwater movement from south-east to north-west.
3.5.3. Ordovician / Devonian sedimentary aquifers
The only bores drilled in the west are situated along the Hanson River (on eastern margin of Lander
River map-sheet in the Wiso Basin) as part of a 1979 BMR mapping investigation, (BMR, 1980).
Stratigraphic drill-holes, BMR Lander River 1 - 5 and Bonney Well 1 - 2 yielded flows of 0.8 - 1.6 L/s
of generally good quality stock water in the Hanson River Beds. Three stratigraphic holes (BMR Land
River 1, 6 and 7) penetrated very porous Lake Surprise Sandstone, yielding 1.6 - 3.3 Ls of good
quality stock water.
3.5.4. Cenozoic sediments
A large portion of the WDWCD is covered with Cenozoic sediments that contain aquifers including a
regional aquifer overlying the Wiso and Georgina Basins. There is also a veneer of Cenozoic
sediments covering the granite and Hatches Creek Group rocks forming the basement.
The high yields from the Cenozoic are associated with calcrete and chalcedony deposits (vuggy
porosity).
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The thicknesses of the Cenozoic sediments vary from about 5 to >100m with up to 100m saturated
thickness (Tickell, 2014). The base of the Cenozoic in the WDP proper has an almost ubiquitous
sandy clay (rarely claystone) layer up to 25 m thick that is expected to retard the vertical movement of
water to the Cambrian formations and provide delayed drainage upon regional pumping creating a
driving head that may sustain production from the Cambrian aquifers.
3.5.5. Hydrostratigraphic units
The geological formations within the Western Davenport WCD have been combined into 5
hydrostratigraphic units (HSU) for inclusion in the groundwater model. A hydrostratigraphic unit is
described as a geological unit with identified lateral and vertical distribution having the same or similar
hydrogeological characteristics. Because of the limited availability of detailed stratigraphic information,
hydrostratigraphic units were identified from broad groupings by geological age. The units derived
were:
•

Cenozoic (Quaternary / Tertiary) (HSU1)

•

Devonian (HSU2)

•

Cambro-Ordivician (HSU3)

•

Middle Cambrian (HSU4)

•

Basement (HSU5)

The geological units assigned to each of the hydrostratigraphic units and the rationale are described
below:
•

Basement rocks of the Archean granites, Hatches Creek Group and Mount Stuart have been
designated as the basal hydrostratigraphic unit (HSU5).

•

In the Georgina Basin the Middle Cambrian Chabalowe Fm has been designated as a
hydrostratigraphic unit (HSU4).

•

Laterally the Tomahawk beds are interpreted to be equivalent in age to the lower Hanson
River beds and based on lithological characteristics may be equivalent to Unit 2 (Kennewell &
Huleatt, 1980). The Upper Cambrian units within the Wiso and Georgina basins have been
combined into a laterally extensive hydrostratigraphic unit (HSU3).
o

In the Georgina Basin the Arrinthrunga Fm and Tomahawk Fm have been combined
into a single hydrostratigraphc unit based on similar lithological characterisitics.

o

In the Wiso Basin the Hanson River beds and Hooker Creek Fm have been combined
into a single hydrostratigraphic unit based on similar lithological characteristics.

CloudGMS

29

Western Davenport WCD Groundwater Model
Available Data

•

The Devonian aged Dulcie Sandstone and Lake Surprise Sandstone have been combined into
a single hydrostratigraphic unit (HU2).

•

The Cenozoic sediments are designated as a separate hydrostratigraphic unit (HU1).

These units are generally well cemented. Water in these formations is primarily associated with
secondary permeability due to interconnected joints and faults. Primary permeability is found in
ferruginised horizons.
3.5.6. Groundwater flow system
The hydrogeology of the Western Davenport Basin has been simplified into a series of horizontally
layered sedimentary units. Whilst the stratigraphic units exhibit slightly different hydraulic properties,
groundwater in the saturated zone is assumed to move readily within and between the units. There
are no known aquitards or structural limitations on groundwater flow in the basin.
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Figure 3-8 Hydrogeological mapping within the Western Davenport basin (after Tickell, 2014).
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3.6. Leapfrog hydrogeological model
The geological model was developed using Leapfrog Hydro (ARANZ Geo, 2016) and consists of five
hydrostratigraphic units representing the Hatches Creek Formation, Chabalowe Formation,
Arrinthrunga Formation, Dulcie Sandstone / Lake Surprise Sandstone and undifferentiated Cenozoic
units. The model covers the extents of the groundwater model, more than 16,000 km2, and
represents a broad regional interpretation of the hydrostratigraphy without local detail shown below in
Figure 3-9.
Each stratigraphic unit in the Leapfrog model is represented as a three-dimensional object that can be
continuous or discontinuous within the model domain. The unit thicknesses and contact surfaces are
based on interpolation and extrapolation of the data sources described in Sections 3.4 and 3.5 as
well as the stratigraphic relationships between the units that are assigned in Leapfrog Hydro. Contour
maps of the resulting top and bottom surface elevations of the stratigraphic units are shown below in
Figure 5-3 and Figure 5-4.

Figure 3-9 Hydrogeological model of the Western Davenport WCD based on geological sections
(Haines, Bagas, Wyche, Simons, & Morris, 1990) and hydrogeological mapping (Tickell, 2014).
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Figure 3-10 Hydrogeological section derived from the hydrogeological block model (after Tickell,
2014).

3.7. Groundwater levels
3.7.1. Potentiometric surface
Tickell (2014) provides the most recent groundwater level contours (derived from all available water
level measurements) covering the main aquifer units in the study area. Groundwater flow in the main
aquifer system is from the south-southeast to the north-northwest. SWL is generally deeper in the SE
sector and generally shallower in the NW sector of the main aquifer zone. The 2014 contours are
presented below in Figure 3-11.
Regionally groundwater levels do not appear to vary appreciably, especially where groundwater levels
are deep. Locally groundwater levels can vary considerably (8 metres) especially in the vicinity of areas
where direct recharge along drainage and floodouts is the dominant mechanism and where
groundwater levels are relatively shallow such ie near Warrabri Community.
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Figure 3-11 Potentiometric surface contours (interval = 10 metres) and location of SWL data points
(after Tickell, 2014).
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3.7.2. Steady state groundwater levels
A total of 176 groundwater level measurements have been identified across the Western Davenport
WCD, although it should be noted that some of these are from greater than 60 years ago. These older
levels are possibly not an accurate reflection of current groundwater levels, however, as indicated
above, they are representative of the system state, thus providing constraints on steady state
calibration, albeit with reduced weightings to reflect their reduced confidence level.
3.7.3. Transient groundwater levels
Time series groundwater level data (2 or more water levels) are available for 48 bores in the Western
Davenport WCD area. The data was sourced from the Hydstra database managed by the Department
of Land Resource Management. The locations of these bores are presented in Figure 3-12. The plots
of the available hydrographs are presented in Appendix A.
The groundwater levels respond to episodic recharge events associated with surface water flooding
during periods of relatively intense rainfall.
Several bores have continuous digital logger data available.
Table 5 Bores with time series groundwater levels used in the calibration of the transient model.

Bore Id
RN000438
RN001476
RN005409
RN005427
RN006257
RN006258
RN006259
RN006260
RN006261
RN006437
RN006438
RN006439
RN006440
RN006441
RN006442
RN006443
RN010222
RN010233
RN010577
RN010744
RN013201
RN013754
RN014789
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from

to

03/11/2008
19/06/1987
23/02/1967
19/03/1966
13/08/1968
13/08/1968
13/08/1968
13/08/1968
13/08/1968
21/03/1969
21/03/1969
21/03/1969
21/03/1969
21/03/1969
21/03/1969
21/03/1969
10/07/1978
25/02/2009
10/08/2011
16/03/1974
25/11/1981
19/12/2006
17/08/2005

07/03/2016
10/03/2016
10/03/2016
06/08/2015
20/08/1969
05/10/1971
06/06/1980
05/10/1971
06/06/1980
27/11/1989
06/06/1980
27/11/1989
06/06/1980
26/01/1971
04/07/2007
05/07/2007
05/02/1988
08/03/2016
06/08/2015
12/11/2009
07/08/1992
27/02/2007
01/04/2013

Bore Id
RN015578
RN015579
RN015580
RN015585
RN015588
RN016917
RN016932
RN016933
RN017587
RN017588
RN017589
RN017591
RN017592
RN017594
RN017595
RN018114
RN018118
RN018241
RN018242
RN018338
RN018401
RN018402
RN018404

from

to

19/01/1990
16/08/2005
16/08/2005
16/08/2005
05/09/2001
28/10/1998
03/11/2008
27/02/2009
05/09/2001
05/09/2001
20/12/2006
05/09/2001
05/09/2001
20/12/2006
05/09/2001
20/12/2006
25/07/2006
27/02/2009
25/02/2009
04/11/2008
04/11/2008
04/11/2008
04/11/2008

08/03/2016
26/06/2013
26/06/2013
26/06/2013
08/03/2016
26/08/2013
07/03/2016
07/03/2016
09/03/2016
09/03/2016
09/03/2016
25/06/2013
25/06/2013
05/08/2015
07/03/2016
09/03/2016
10/03/2016
02/05/2012
10/03/2016
10/03/2016
08/03/2016
08/03/2016
08/03/2016
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RN015174

17/08/2005

08/03/2016

RN018405

04/11/2008

08/03/2016

Figure 3-12 Locations of monitoring bores in the Western Davenport WCD, showing number of
observations.
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3.8. Aquifer parameters
This section documents the available transmissivity and storage values from the various investigations
conducted in the Western Davenport WCD. Previous estimates of groundwater throughflow have
assumed high transmissivities of greater than 1000 m2/d for the aquifers of the WDWCD, citing partial
penetration of the aquifers as justification for using transmissivity values several times greater than
determined from pumping tests. To account for variations in aquifer geometry transmissivity values
have been used to determine hydraulic conductivity values, which are normalised by the saturated
thickness.
Estimates of aquifer parameters are available from pumping tests conducted on 50 bores within the
Western Davenport WCD area.
3.8.1. Pump test derived hydraulic properties
The calculated aquifer parameters from pumping tests conducted on 50 bores within the Western
Davenport WCD are tabulated below and separated into the interpreted aquifer / geological unit for
each pumping test. Table 6 provides a summary of the calculated hydraulic parameters. The
distribution of available transmissivity values (presented as average transmissivity) are summarised in
Figure 3-13.
Hydraulic conductivity was determined at each bore by dividing the reported transmissivity by the total
depth of the bore. This was considered reasonable as most of the bores were completed with open
annulus (suspended casing), gravel pack to the surface or as open hole allowing for connection
between the intersected aquifers. Although this may underestimate the hydraulic conductivity for
some sites it is expected to provide representative bulk hydraulic conductivities of the aquifers
encountered.
Table 6 Calculated aquifer parameters from pumping tests conducted in the WDWCD.

Cenozoic

Age

CloudGMS

BoreID

Symbol

RN001800
RN001801
RN002881
RN005427
RN005788
RN006443
RN010538
RN010721
RN010744
RN011013

Cz
Cz
Cz
Cz
Cz
Czk
Cz
Cz
Czk
Cz

2

T [m /d]

56.0
36.0
480.0
280.0
280.0
700.0
15.0
97.5
1803.0
3.4

K [m/d]

S

1.95
1.24
17.71
7.78
8.20
11.48
0.41
3.46
33.39
0.06
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Proterozoic

Cambrian

Devonian

Age

BoreID

Symbol

RN012697
RN012698
RN013201
RN013750
RN013753
RN013754
RN018445
RN018452
RN018454
RN018458
RN018460
RN014073
RN014877
RN014878
RN018403
RN011178
RN011180
RN013752
RN017593
RN018455
RN018456
RN018116
RN018117
RN018241
RN018242
RN018388
RN018390
RN018401
RN018441
RN018442
RN002807
RN005950
RN011007
RN011008
RN011011
RN011012
RN011877
RN013751
RN013755
RN013761

Cz
Cz
Cz
Cz
Cz
Cz
Czk
Czk
Cz
Czk
Czk
Dud
Dud
Dud
Pzl
COt
COt
Cua
Cua
Cua
Cua
Cmc
Cmc
Cmc
Cmc
Cmc
Cmc
Cmc
Cmc
Cmc
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph

2

T [m /d]

102.5
89.5
34.0
3.2
109.3
50.0
3570.0
3705.0
79.7
4666.7
6375.0
43.0
329.2
316.5
212.7
680.5
39.0
4.5
90.0
25.5
62.2
184.0
303.7
188.8
81.5
236.5
346.5
73.1
388.5
109.0
30.0
35.0
10.1
21.2
1.0
80.3
26.0
10.0
15.7
100.0

K [m/d]

3.36
3.31
0.40
0.02
2.93
0.86
78.46
50.75
1.66
81.87
118.06
0.30
4.77
4.22
1.56
3.76
0.33
0.04
0.99
0.24
0.30
2.45
3.57
0.91
0.64
3.24
4.32
0.32
3.67
0.97
0.28
0.56
0.12
0.59
0.02
0.70
0.54
0.09
0.17
1.31

S

3.50E-05
4.60E-02
2.00E-01

8.50E-03

5.75E-03
2.00E-04
1.40E-07

4.00E-02
5.50E-05
7.00E-03
8.00E-04

7.55E-04

Ph
Cz – Cenozoic aged sediments Czk – Cenozoic aged calcrete Dud / Pzl – Devonian aged sandstone
Cua – Arrinthrunga Fm. Cmc – Chabalowe Fm. Ph – Hatched Creek Group
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The highest transmissivity (T) values are representative of Cenozoic aged sediments (Cz). The majority
of these high T values are also associated with the presence of limestone / broken limestone noted in
their bore logs. Their spatial distribution is also confined to areas where calcretes (Czk) are mapped at
the surface (refer Figure 3-6). The high T values are therefore associated with calcretes along low lying
areas where evaporative processes have resulted in deposition of carbonates, and are expected to
have limited extent.
The transmissivity values for the Cambrian aged sediments are less than 400 m2/d with an average of
~190 m2/d and median of 109 m2/d and the average hydraulic conductivity is 1 m/d. Separating the
Cambrian aged sediments based on aquifer formation, the average T for the Chabalowe Formation is
212 m2/d and Arrinthrunga Formation 150 m2/d, the corresponding hydraulic conductivity values are
2.2 m/d and 0.8 m/d respectively.
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Figure 3-13 Distribution of transmissivity values from pumping tests conducted in the Western
Davenport WCD compared to hydrogeological units (modified from Tickell, 2014).
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3.8.2. Aquifer parameters from long term pumping near Alekarange Horticultural Farm
To verify the lower than expected hydraulic conductivities suggested by the analysis presented above
in section 3.8.1, a groundwater model was constructed to investigate the permissible range of
hydraulic parameters that could reproduce the observed groundwater level response in the vicinity of
the Alekarange Horticultural Farm.
Groundwater abstraction has occurred in the Alekarange Horticultural Farm area since 2008. A single
monitoring bore RN018118 has spot measurements from 2006 to mid 2011, digital logger data from
mid 2011 to mid 2015 and spot measurements from mid 2015 to present. The combined
groundwater level hydrograph for RN018118 is presented below in Figure 3-14 with the simulated
response using the optimised aquifer parameters of the groundwater model described briefly below
and in Appendix B.

Figure 3-14 RN018118 groundwater level hydrograph showing response to groundwater abstraction
with simulated groundwater response.

To investigate the range of hydraulic parameters that would reproduce the observed response at
RN018118, a separate sub-domain groundwater model with a 50 x 50 metre cell size was
constructed using the MIKESHE platform and calibrated using PEST. The model design, calibration
and uncertainty analysis are presented in Appendix B.
The optimal bulk hydraulic properties determined from the model are presented below in Table 7. To
examine the range of parameters that could adequately reproduce the response observed at
RN018118 an uncertainty analysis was also conducted.
The uncertainty analysis indicated that the optimal range of hydraulic conductivity for the Chabalowe
Formation is relatively narrow, ranging from 8e-06 – 1.3e-05 m/s (0.7 – 1.1 m/d). Hydraulic
conductivity values greater than this resulted in a subdued response. The range of values are
consistent with the values presented previously in section 3.8.1.
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Table 7 Optimal hydraulic parameters determined from the pumping data from the Alekarange
Horticultural Farm and adjacent monitoring bore RN018118

Layer
1

Hydrogeological Unit

Parameter

Value

Units

Cenozoic

Kxy / Kz

1.68e-05 /

m/s

1.74e-08
1
2

Cenozoic

Sy / Ss

0.13 / 5.50e-06

-

Chabalowe Fm

Kxy / Kz

1.3e-05 / 1.3e-

m/s

06
2

Chabalowe Fm

Sy / Ss

- / 5.5e-06

-

3.9. Groundwater extraction
Groundwater accounts for the vast majority of water supplies in the WDWCD such that, essentially, all
public water supplies, and the pastoral and horticulture industries in the region rely on it. The locations
of the licenced production bores in the WDWCD are presented in Figure 3-16.
Available monthly volumes reported to DENR as part of the groundwater extraction licence
requirements are presented below in Figure 3-15. The current total annual entitled groundwater
extraction for the WDWCD is 3825 ML although actual usage is approximately 50% of this volume at
2000 ML.

Figure 3-15 Monthly extraction within the Western Davenport WCD for the period mid 2006 – 2016
(source DLRM).

The annual pumping volumes are presented below in Table 8. It is apparent from the pumping data
that annual extraction has steadily increased from 100 ML/yr in 2006 to about 1000ML/yr in 2013,
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extraction has approximately doubled since 2013 to 2000 ML/yr, which is approximately 50% of total
entitlements.
Table 8 Annual pumping volumes from the borefields in the WDWCD.

Year
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016*
* incomplete year

CloudGMS

Actual (ML)
111.9
249.7
580.0
1036.1
553.2
695.9
1017.5
771.1
1996.3
2006.1
902.2

Entitled (ML)
3825
3825
3825
3825
3825
3825
3825
3825
3825
3825
3825
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Figure 3-16 Distribution of production bores within the Western Davenport WCD.

3.10. Hydrologic data
There are no surface water gauging stations within the study region.
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The locations of the major drainage in the WDWCD (Murray Creek, Skinner Creek, Taylor Creek and
Wycliffe Creek) are presented above in Figure 3-3. The rivers and creeks within the WDWCD are all
ephemeral and there are no permanent springs.
3.11. Vegetation mapping
3.11.1.

Regional vegetation mapping

Land systems and land unit mapping provides information about vegetation communities in the
landscape. Land system mapping at 1:1 000 000 is available for the southern NT providing coarse
vegetation mapping and land unit mapping at 1:100 000 has been completed for Neutral Junction
and Murray Downs. Generally, the area, which is largely sand plains, is covered with low open
hummock grassland sparse Acacia shrubland and low isolated Eucalyptus trees.
National Vegetation Information System (Department of the Environment, 2006) regional vegetation
mapping is available providing an indication of areas where GDEs may exist.
3.11.2.

Wetland mapping

Whilst Environment Australia (2001) cites there are no ‘nationally important wetlands’ in the study
region, Duguid, et al. (2005) indicates the following areas within the Western Davenport WCD hold
significant arid ‘wetlands’:
•

Chabalowe and Thring ephemeral swamps;

•

Bluebush bore ephemeral ‘lake’;

•

waterholes associated with deeply incised creeks and rocky outcrop country in the ranges;

•

in-stream waterholes within The Plains e.g. Wycliffe Well; and,

•

Murray Creek Floodout.

Thring and Warrabri and Piggery Bore swamps may be locations of ecosystems associated with
presumed groundwater discharge zones (indicated by shallow SWLs and the persistence of LAI
above 0.2). The water table is ~ 5 m bgl, though the potentiometric surface of the deep aquifers is ~
2.5 m bgl.
These swamps are dominated by Eucalyptus victrix (gum-barked Coolabah). It is likely that for
maintenance of the biomass, the ecosystem is reliant on periodic flooding with surface water (rather
than groundwater discharge). However, large perennial plants and trees may tap groundwater and
therefore perhaps can be dependent on it.
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Figure 3-17 Major vegetation classes (NVIS based on southern NT land systems mapping) with
mapped wetland features after Duguid (2009).

3.11.3.

Leaf Area Index (LAI)

Areas of vegetation that use groundwater typically exhibit low seasonal variability of photosynthetic
activity. The inter-annual variability of the vegetation activity can therefore contain useful information to
assist mapping of groundwater discharge areas (Tweed, LeBlanc, Webb, & Lubczynski, 2007).
Vegetation that is relatively lush in comparison to surrounding areas is often associated with discharge
areas. Leaf area index (LAI) is often used as an indicator to identify this type of vegetation. LAI is
defined as the one sided green leaf area per unit ground area in broadleaf canopies. LAI is therefore
considered a strong indicator of water availability in semi-arid to arid environments (Hatton & Evans,
1998) and can be used as a proxy for vegetation water use.
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Total LAI was estimated using the product MOD15A2 centred on the study area (201 km wide × 201
km length) from the MODIS 163 Land Product Subsets project (http://daac.ornl.gov/MODIS/).
ORNL DAAC. 2008. MODIS Collection 5 Land Products Global Subsetting and Visualization Tool.
ORNL DAAC, Oak Ridge, Tennessee, USA. Accessed June 21, 2016. Subset obtained for MOD15A2
product at 21.15S,134.3E, time period: 2000-02-18 to 2016-06-09, and subset size: 201 x 201 km.
http://dx.doi.org/10.3334/ORNLDAAC/1241
Leaf area index can be used as a proxy for vegetation water use and is a parameter used to
determine ET in MIKESHE. Annual average leaf area index has been determined from the MOD15A2
images for the period 01/01/2006 to 01/01/2016 and are presented below:

Figure 3-18 Average annual leaf area index for 2006 and 2007.
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Figure 3-19 Average annual leaf area index for 2008 and 2009.

Figure 3-20 Average annual leaf area index for 2010 and 2011.
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Figure 3-21 Average annual leaf area index for 2012 and 2013.

Figure 3-22 Average annual leaf area index for 2014 and 2015.

Generally, LAI does not exceed 0.7 and a minimum of 0.1 is observed in the 2008 and 2009 images.
The persistence of vegetation during dry periods is indicative of groundwater usage. The images for
2008 and 2009 show minimal LAI (~0.2), although there are areas which show values of between 0.3
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- 0.4. The locations of the areas with LAI 0.3 – 0.4 are consistent with the areas identified as being
possible GDEs due to depth to groundwater, suggesting that the slightly higher LAI in these areas
may be due to the availability of groundwater.
Given that LAI is only available for the last 10 years of the simulation period, LAI timeseries will not be
used as an input to the ET module. Instead a value of 0.3 has been assumed to be the long term
average across the study area and will be used to represent LAI. The sensitivity of the model to this
assumption has been examined.
3.11.4.

Vegetation root depth

The root depth of vegetation in similar environments has been documented for the Ti Tree Basin to
the south of the study area (O'Grady, Cook, Knapton, Duguid, & Fass, 2007). The study estimated,
based on comparison of predawn leaf water potential for woody vegetation and profiles of soil matric
potentials at 5 separate sites, that some of the vegetation was capable of accessing water to a depth
of at least 15 metres, with the majority indicating a depth of greater than 5 – 6 metres. It is expected
that similar root depths will occur in the Western Davenport WCD and a maximum root depth of 15
metres has been used.
3.11.5.

Mapped groundwater dependent vegetation mapping

Groundwater dependent vegetation sites have been identified using remote sensing to identify
vegetation that remains green and physiologically active during dry periods (fractional cover), and to
identify which of the green vegetation shows low seasonal change in spectral reflectance
(persistence). These areas have also been compared to groundwater present within the rooting depth
of the GDV (<15 mBGL). The centroid of each GDV area identified was used as a reporting site in the
groundwater model to assess development impacts.
The locations of the sites used to assess impacts to groundwater dependent vegetation in the
WDWCD are presented below in Figure 3-23.
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Figure 3-23 Groundwater dependent vegetation monitoring sites identified by DENR.

CloudGMS

51

Western Davenport WCD Groundwater Model
Conceptual Model

4 Conceptual model
4.1. Introduction
The development of a conceptual model is one of the most important steps in groundwater modelling
(Barnett et al, 2012). At this stage of the modelling process, the modeller will have to make decisions
on what processes to include (or exclude) and what simplifying assumptions should be made to
achieve the modelling objective(s). Those decisions will strongly influence the mathematical model and
ultimately the modelling outcome. It follows that errors in the conceptual model can propagate
through the remainder of the modelling study, and if not detected early on, can potentially lead to
invalid modelling results and conclusions. For this reason, a conceptual model should always be
checked carefully for potential errors.
4.2. Proposed conceptual model
The occurrence and dynamics of the groundwater stored in the WDP aquifer system are due to the
interaction between the surface and sub-surface components of the hydrologic cycle, primarily:
•

surface water runoff (flood events);

•

groundwater recharge from infiltration of overland flow and ponded surface water;

•

evapotranspiration from the unsaturated zone;

•

groundwater abstraction; and

•

lateral groundwater throughflow.

These components are summarised in Table 9 and a schematic of the interaction between the
hydrologic processes occurring in the Western Davenport WCD study area are presented in Figure
4-1. The numerical model will be required to simulate the hydrological process identified above and to
calculate the water balance of the aquifer system and the exchanges between the aquifers in the
study area.
Each of the hydrologic processes is represented by one of the MIKE SHE numerical process models
available and the linkage between the hydrological process and the representative MIKE SHE module
are summarised in Table 9. Detailed descriptions of each MIKE SHE numerical process is covered in
the sub-sections under section 5.
The saturated zone components (items 6 – 9) are described in more detail below in sections 4.3, 4.4
and 4.5 and includes a review of the current understanding of each of the processes and the water
balance estimates from the previous investigations conducted in the area.
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Table 9 Conceptualisation of hydrologic processes, their interaction and the relevant MIKESHE
model process used to represent the aquifer systems of the Western Davenport WCD.

Component

Conceptualisation

MIKE SHE

1

Rainfall falls on bare soil or is intercepted by the sparse vegetation. The
intercepted precipitation is evaporated or passed to the soil surface.

2

When the top layer of the unsaturated zone becomes saturated or when
rainfall cannot infiltrate fast enough or when streams flood over their
banks, there is surface ponding and eventually overland flow begins
when all the surface depressions are filled. The overland water flow path
and quantity is determined by the topography and flow resistance, as
well as losses due to evaporation and infiltration along the path it takes,
eventually reaching streams, rivers and other surface water bodies.

3

Rainfall also infiltrates to the unsaturated zone. The infiltrated water in
the unsaturated zone can be stored;

4

A significant amount of rainfall, reaching the soil surface, evaporates
back to the atmosphere; or

Unsaturated zone &

5

Infiltrated water is taken up by plant roots and transpired through the
leaves;

modules

6

Infiltrated water percolates down through the unsaturated zone to the
saturated zone as direct recharge.

7

Changes in storage increases due to recharge and decreases due to
groundwater extraction and groundwater throughflow;

8
9

CloudGMS

Groundwater throughflow to the north to the Wiso Basin;

Overland flow
module

Evapotranspiration

Saturated zone
module

Extraction from the groundwater for community supplies, horticulture /
irrigation and stock watering.
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Figure 4-1 Modelled hydrological components and their interactions in the Western Davenport WCD
study area.
1. Precipitation; 2. Overland flow (particularly flood events); 3. Infiltration into the soil; 4. Evapotranspiration from
soil and surface water; 5. Evapotranspiration from the root zone; 6. Recharge through the unsaturated flow
once the soil moisture deficit is overcome; 7. Groundwater levels (change in groundwater storage) respond to
recharge (and discharge); 8. Groundwater throughflow; and 9. Groundwater extraction from pumping wells.

4.3. Groundwater recharge
Examination of the groundwater hydrographs suggests that major recharge occurs only every one two decades and is related to continental scale rainfall events associated with La Nina conditions. La
Nina conditions are indicated by sustained positive Southern Oscillation Index of greater than about
+8 (refer to section 3.1).
Two recharge mechanisms are assumed to operate in the Western Davenport Plains area:
•

Direct (or diffuse) recharge – this is defined as the water added to the groundwater in excess
of soil moisture deficits and evapotranspiration, by direct vertical percolation of precipitation
through the unsaturated zone and is typically distributed over large areas; and
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•

Indirect (or local) recharge – this results from the percolation of water to the water table
following runoff as ponding in low-lying areas or through the beds of surface water courses
(Lerner et al., 1990). Localised ‘mountain front’ recharge along the margin of basins (Wilson
& Guan, 2004) can also be an important mechanism in arid / semi-arid environments (i.e. Ti
Tree - Wood, et al., 2016).

Recharge to basin aquifers, through direct infiltration of precipitation, is limited or absent due to small
precipitation volumes, deep vadose zones, and the water scavenging vegetation found in dry
climates. That is, precipitation often does not adequately meet evapotranspiration and soil-moisture
requirements.
To overcome the soil moisture deficits found in semi-arid / arid catchments water needs to be flowing
or ponded. Natural recharge is primarily from precipitation runoff (flooding events) within the surfacewater drainage basin and probably occurs only during and shortly after high-intensity or long-duration
storms. Most of the natural recharge likely occurs in the coarse deposits along the normally dry
washes and floodouts, where precipitation runoff from the surrounding bedrock areas infiltrates as
mountain front recharge. Mountain front recharge is an important, if not predominant, source of
recharge to basins in arid and semiarid regions (Wilson & Guan, 2004). Mountain front recharge is
used to describe the contribution from areas of higher topography with shallow soil depths ‘mountain
blocks’ to groundwater recharge of the adjacent basins along the mountain front. The mountain front
is positioned somewhere between the ‘mountain block’ and the basin floor.
The balance between localised recharge from infiltration of overland flows through the creek beds /
floodouts and diffuse recharge from rainfall infiltration of catchment soils will vary greatly depending on
local circumstances. However, depending on the vegetative cover and its characteristics the bulk part
of the infiltration may be captured in the root zone and subsequently returned to the atmosphere as
evapotranspiration and only little recharge occurs. Indeed, the recharge over a semi-arid catchment
may be as low as 1% of the precipitation, hence, infiltration from creek beds and areas of flood
inundation are expected to be the dominant process of groundwater recharge.
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Figure 4-2 Simplified conceptualisation of the processes influencing recharge.

4.3.1. Overland flow and inundation during flood events
It is likely that during small flows the surface water runoff is confined largely to the local drainage
features and probably extends for a limited distance along the drainage channels providing minimal
recharge. However, during large events the surface water runoff can inundate large areas, particularly
in the vicinity of floodouts located in the sand plains and aeolian sediments overlying the regional
aquifer systems. This mechanism is considered a major component of the recharge to the Western
Davenport WCD groundwater system.
4.4. Groundwater flow
The groundwater contours presented in section 3.7.1 show groundwater flows from the southeast to
the northwest. Based on the 2014 contours (Tickell, 2014) the overall groundwater gradient is
approximately 0.0005 to 0.001 m/m (0.5:1000 to 1:1000). The majority of the groundwater is
expected to discharge to the north where the aquifers wedge out to the north—east over the Hatches
Group rocks at the foothills of the Davenport Range. A small component of throughflow eventually
enters the Wiso Basin to the north-northwest of the WDP area.
4.5. Groundwater discharge
Mechanisms for groundwater leaving the Western Davenport WCD area are believed to be via:
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•

Underflow to the Wiso Basin some 60 – 70 km to the north-northwest of the developed
central area of the Western Davenport WCD;

•

Evapotranspiration and diffuse discharge where groundwater is relatively close to the
surface; and

•

Groundwater abstraction (pumping) from community borefields and for irrigation of
horticultural and fodder crops, primarily in the central zone.

4.6. Water budget
The saturated water balance should satisfy the following flux equation:
REg−∆Ly − ∆D – EVT – A = ∆S
Where:
REg = gross recharge from the unsaturated zone
∆Ly = net horizontal flow of groundwater across the model boundaries
∆D = net drainage from groundwater to surface water
EVT = evapotranspiration from the groundwater
A = groundwater abstraction
∆S = change in groundwater storage
That is the sum of the fluxes is equal to the change in groundwater storage in the aquifer. All fluxes
vary in space and time. Some values can be measured directly, for example, the discharge from
extraction wells, whereas other values have to be indirectly evaluated by appropriate methods or
models.
The absolute value of these values is likely to contain error due to spatial lumping, parameter
estimation and various assumptions used in the calculations. However, the input parameters such as
aquifer geometry, transmissivity and specific yield are considered to be reasonable and the underflow
and storage values determined are also reasonable.
4.6.1. Groundwater inflows
Groundwater inflows to the Western Davenport WCD area are assumed to occur through direct
recharge from precipitation and indirect recharge from infiltration through river beds and flood outs.
Groundwater inflows have been quantified for the study area by Hydro Tasmania (2009).
Major recharge occurs only every two - three decades and the estimated recharge volume has been
distributed into an amount per year. The annualised recharge to the aquifers in the WDWCD has been
calculated using a conservative catchment yield of 7% (Hydro Tasmania Consulting, 2009). NRETAS,
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2011 separated this estimate into the 5 management zones based on the catchment area for each
zone. These estimates are presented below in Table 10.
Table 10 Estimated average annual recharge and storage volumes for each of the management
zones in the WDWCD (after Pye, 2011).

Management
Zone

km2
4092

GL
12.7

GL
6916

Available
allocation
GL/yr
10.1

Plains – Central

4278

13.2

15401

10.6

Plains – SE

2613

8.1

6533

6.5

10983

34

28850

27.2

Davenport Ranges

5096

12.7

71

10.2

Southern Ranges

8498

8.5

147

6.8

Plains – NW

Combined Plains

Area

Estimated annual

Estimated storage

recharge

4.6.2. Groundwater outflows
Mechanisms for groundwater leaving the Western Davenport WCD area are believed to be:
•

Groundwater discharge to surface (seeps and springs);

•

Evapotranspiration (in groundwater discharge areas);

•

Groundwater abstraction (pumping);

•

Groundwater outflow at down gradient boundary (“outflow”)

Based on the LAI area greater than 0.3 provides an area of approximately 330 km2. (330000000m2)
Assuming an ET flux of 0.04 mm/d (0.00004 m/d) results in an actual ET of 13200 m3/d or 4800
ML/yr.
O’Grady et al. (2007) estimated groundwater discharge rates from vegetation in the Ti Tree basin
ranging from 40 – 100 mm/yr (0.11 – 0.27 mm/d) where the water table occurs at 5 – 6 m, to < 15
mm/yr (0.04 mm/d) where the water table occurs at 20 m.
4.6.3. Aquifer throughflow from south to north
Groundwater flow through a section of aquifer is given by:
Q = TiW
Where
T = transmissivity (m2/d)
i = groundwater gradient (m/m)

CloudGMS

58

Western Davenport WCD Groundwater Model
Conceptual Model

W = width of aquifer (m)
Ride (2007) estimated throughflow in a (Cenozoic aquifer) section through Blue Bush Bore
(RN001259) as 7300 – 36500 ML/yr; based on an estimated aquifer transmissivity, 1000 –
5000 m2/d, an aquifer width of 14600 metres and a hydraulic gradient of 0.0005 (1:2000). However,
based on the transmissivity data presented in Section 3.8, it is unlikely that the transmissivities used
are indicative of the bulk of the Cenozoic aquifer and is probably confined to an elongated area
mapped as calcrete (refer to Section 3.3).
Gilbert & Jolly (1990) Used a gradient of 0.001, T = 1000 m2/d and W = 24.7 km give a throughflow of
9 GL/yr (24700 m3/d). Using a more conservative gradient of 0.0005, T = 800 m2/d (cf Arrinthrunga)
and W = 24.7 km gives a throughflow of 3.61 GL/yr (~10000 m3/d).
However, based on the summary of hydraulic parameters presented in section 3.8 and the
groundwater level response to pumping in the vicinity of the Alekerange Horticultural Farm, the
transmissivity of the Cambrian aquifers is probably an order of magnitude lower at between 100-200
m2/d.
The NTGS stratigraphic holes (Section 3.3) indicate a 25 km wide, wedge-shaped cross-section to
the aquifer in the central sector of the Western Davenport WCD with Chabalowe wedging out towards
the east.
The southern sector has a greater width of aquifer (~ 60 km) with a more complete and thicker
sequence of Cambrian. Hence throughflow is ‘funnelled’ through the section from Alekarenge to
Wycliffe well as reflected by greater hydraulic gradients than to the south of Alekarenge.
Using hydraulic conductivity values of between 0.8 and 2.2 m/d a wedge shaped cross-sectional area
of 24.7 km by 300 metres and a groundwater gradient of 0.001 results in a throughflow of 1.1 – 3
GL/yr (~3000 – 8250 m3/d).
4.6.4. Groundwater storage
The volume of groundwater stored in the study area is dependent on the volume of saturated aquifer
material and the porosity of the aquifer. Assuming a drainable porosity of 0.04 and using the aquifer
geometry in the groundwater model, the saturated volume of each of the aquifers is detailed above in
Table 10. It should be noted that the volume reported for the Central Zone is an order of magnitude
less than the value specified in the Water Allocation Plan document as the value has been incorrectly
quoted from the supporting document (Hydro Tasmania Consulting, 2009).
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5 Model design & construction
5.1. Common model components for steady state and transient models
5.1.1. Model platform
The conceptual recharge mechanism for the groundwater systems within the Western Davenport
WCD is dependent on surface water ponding, overland flows and the soil moisture storage / deficit.
This dynamic interaction between surface water flow, evapotranspiration, infiltration through the soil
and the resulting recharge to the saturated groundwater system require an integrated modelling
approach. The MIKE SHE modelling platform (DHI, 2016) has been utilised to enable these
components of the water balance to be incorporated into the numerical model.
MIKE SHE covers the major processes in the hydrologic cycle and includes process models for
evapotranspiration, overland flow, unsaturated flow, groundwater flow and exchanges between
surface water and ground water. Each of these processes can be represented at different levels of
spatial distribution and complexity, according to the goals of the modelling study, the availability of
field data and the modeller's choices (Graham & Butts, 2005). The MIKE SHE user interface allows the
user to intuitively build the model based on the user's conceptual model of the watershed. The model
data is specified in a variety of formats independent of the model domain and grid, including native
GIS formats. At run time, the spatial data is mapped onto the numerical grid, which makes it easy to
modify the spatial discretisation of the model as needed.
MIKE SHE also includes modules for water quality, full water balance accounting, particle tracking and
parameter estimation.
The system has a built-in graphic and digital post-processor for model calibration and evaluation of
both current conditions and management alternatives. Animation of model scenarios is another useful
tool for analysing and presenting results.
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Figure 5-1 Schematic of the processes in MIKE SHE, including the available numeric engines for
each process. The arrows show the available exchange pathways for water between modules
(Graham and Butts, 2005).

The flexibility in MIKE SHE's process-based framework allows each process to be solved at its own
relevant spatial and temporal scale. For example, evapotranspiration varies over the day and surface
flows respond quickly to rainfall events, whereas groundwater reacts much slower. Time scales are
independent and automatically controlled. Simpler processes are faster and require less data. In
contrast, many integrated hydrologic codes (e.g. MODFLOW HMS and Hydrogeosphere) solve all the
hydrologic processes implicitly at a uniform time step, which can lead to intensive computational effort
for watershed scale models. Benefits of the MIKE SHE platform include:
•

Physically based model

•

Conservation of mass and momentum

•

Processes can be linked/unlinked with each other easily

•

Modular structure
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•

Fully distributed and integrated

•

Used for source water protection analysis (Graham et al, 2005)

5.1.2. Model domain and grid
The importance of surface water flow to the recharge processes, which were identified in the
conceptual model, resulted in the model domain being coincident with the surface water catchment
boundary. It has been assumed that the groundwater divides are also roughly coincident with the
surface water divides. Indeed, Evans (2007) argues that for a complete understanding of water
movement in a system and to have a chance of understanding the connectivity and interactions
between groundwater and surface water, a whole of catchment closed water balance is required.
The model domain, therefore, covers the majority of the declared Western Davenport Water Control
District, however, there are sections that are not covered. The area to the east is part of the Hanson
River surface water catchment and is not considered.
The extent of the catchment watershed has been determined using SRTM elevation data. The SRTM
data has also been processed to provide an approximate drainage network across the study area.
The extent of the model domain is presented in Figure 5-5.
To reduce run times the model was discretised horizontally at 1000 x 1000 metre grid cell size.
The spatial reference used for all input and output data from this modelling study is GDA94 MGA53.
Table 11 Initial Model domain and grid specifications

Grid cell size
Grid cells in x-direction
Grid cells in y-direction
X min
X max
Y min
Y max
Model area
Map projection

1000
70
76
367954.5
437954.5
7766869.1
7842869.1
16146 km2
GDA94 / MGA zone 53

5.1.3. Outer boundary
The model domain extents are depicted below in Figure 5-5. The boundaries to the north, east and
south coincide with surface water divides. The north-western boundary is parallel with the regional
groundwater flow lines as presented previously in section 3.7.1.
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5.1.4. Climatic data
Daily rainfall and evaporation climatic data were sourced from SILO data drill and is used for the
inputs to the MIKE SHE model. The SILO data site was located at Latitude, Longitude: -19.8000
134.1500 (Decimal Degrees), 19°48'S 134°09’E Elevation: 375m. The daily rainfall and evaporation
data are presented in Figure 5-2.

a)

b)
Figure 5-2 SILO data drill daily climatic data a) rainfall and b) evaporation.

5.1.5. Saturated zone
The Saturated Zone (SZ) component of MIKE SHE calculates the saturated subsurface flow in the
catchment. MIKE SHE allows for a fully three-dimensional flow in a heterogeneous aquifer with shifting
conditions between unconfined and confined conditions.
The spatial and temporal variations of the dependent variable (the hydraulic head) is described
mathematically by the 3-dimensional Darcy equation and solved numerically by an iterative implicit
finite difference technique.
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MIKE SHE gives the opportunity to choose between two groundwater solvers - the SOR groundwater
solver based on a successive over-relaxation solution technique and the PCG groundwater solver
based on a preconditioned conjugate gradient solution technique. The formulation of potential flow
and sink/source terms differs between the two modules to some extent.
The Saturated Zone Component interacts with the other components of MIKE SHE WM mainly by
using the boundary flows from other components implicitly or explicitly as sources and sinks.
3D Finite Difference Method
The governing flow equation for three-dimensional saturated flow in saturated porous media is:
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where Kxx, Kyy and Kzz are the hydraulic conductivity along the x, y and z axes of the model, which are
assumed to be parallel to the principle axes of hydraulic conductivity tensor, h is the hydraulic head, Q
represents the source/sink terms, and S is the storage coefficient.
Two special features of this apparently straightforward elliptic equation should be noted. First, the
equations are non-linear when flow is unconfined and second, the storage coefficient is not constant
but switches between the specific storage coefficient for confined conditions and the specific yield for
unconfined conditions.
Setting up a saturated zone hydraulic model based on the 3D Finite Difference Method involves
defining the:
•

the geological model;

•

the vertical numerical discretisation (computational layers);

•

the initial conditions; and

•

the boundary conditions.

In the MIKE SHE GUI, the geological model and the vertical discretisation are essentially independent,
while the initial conditions are defined as a property of the numerical layer. Similarly, subsurface
boundary conditions are defined based on the numerical layers, while surface boundary conditions
such as wells, are defined independently of the subsurface numerical layers.
The use of grid independent geology and boundary conditions provides a great deal of flexibility in the
development of the saturated zone model, thus the same geological model and many of the boundary
conditions can be re-used for different model discretisation and different model areas.
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5.1.6. SZ Geological layers
The flow model is constructed as a five (5) layer system based on the Leapfrog hydrogeological model
presented in section 3.6. The model settings for the saturated zone geological layers are presented in
Table 12.
Table 12 Parameters used to define the geological layers in the WDWCD MIKE SHE model.

Layer

Item

Value / range

Unit

1

Lower level
Horizontal hydraulic conductivity
Vertical hydraulic conductivity
Specific yield
Specific storage
Lower level
Horizontal hydraulic conductivity
Vertical hydraulic conductivity
Specific yield
Specific storage
Lower level
Horizontal hydraulic conductivity
Vertical hydraulic conductivity
Specific yield
Specific storage
Lower level
Horizontal hydraulic conductivity
Vertical hydraulic conductivity
Specific yield
Specific storage
Lower level
Horizontal hydraulic conductivity
Vertical hydraulic conductivity
Specific yield
Specific storage

Variable
1e-05 – 1e-09
1e-05 – 1e-09

[mBGL]
[m/d]
[m/d]
[-]
[-]
[mBGL]
[m/d]
[m/d]
[-]
[-]
[mBGL]
[m/d]
[m/d]
[-]
[-]
[mBGL]
[m/d]
[m/d]
[-]
[-]
[mBGL]
[m/d]
[m/d]
[-]
[-]

2

3

4

5

Variable
1e-05 – 1e-09
1e-05 – 1e-09

Variable
1e-05 – 1e-09
1e-05 – 1e-09

Variable
1e-05 – 1e-09
1e-05 – 1e-09

Variable
1e-05 – 1e-09
1e-05 – 1e-09

The elevation of the surfaces defining the lower level of each layer in metres AHD are presented below
in Figure 5-3 for layers 1 & 2 and Figure 5-4 for layers 3 & 4. The lower levels for each layer are stored
in the file BOT.DFS2.
As indicated previously assumptions have been made about the layer thickness outside of the region
where the main aquifer exists and a constant thickness of ~10 metres has been adopted.
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a)

b)

Figure 5-3 Layer lower level elevations in metres AHD a) Layer 1 (base of Cenozoic sediments) and b)
Layer 2 (base of the Dulcie Sandstone and Lake Surprise Sandstone).

a)

b)

Figure 5-4 Layer lower level elevations in metres AHD a) Layer 3 (base of the Arrinthrunga Fm.) and b)
Layer 4 (base of Chabalowe Fm.).
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5.1.7. SZ Computational layers
In this study the computational layers are coincident with the geological layers and the model settings
for the saturated zone computational layers are presented in Table 13.
Table 13 Parameters used to define the computational layers in the MIKE SHE model.

Computational layer settings

Value / range

Unit

Defined by geological layers
Minimum layer thickness
Lower layer

10

[m]

310
-9.5

[mAHD]
[mBGL]

Arith. mean Sat. thick. log mean cond. - Strictly Unconfined
Fixed head outer boundary
Initial potential head

5.1.8. Outer boundary conditions
The outer boundary conditions are defined as line segments between two boundary points. There are
4 outer boundary conditions available in MIKE SHE.
•

Zero flux - This is a no-flow boundary, which is the default.

•

Fixed Head - This boundary prescribes a head in the boundary cell. The head can be fixed at
a prescribed value, fixed at the initial value from the initial conditions, or assigned to a time
series file.

•

Flux - This boundary describes a constant or time varying flux across the outer boundary of
the model. A time varying flux can be specified as a mean step-accumulated discharge (e.g.
m3/s) or as a step-accumulated volume (e.g. m3). A positive value implies an inflow to the
model cells.

•

Gradient - This boundary describes a constant or time varying gradient between the node on
the outer boundary and the first internal node.

The boundaries to the north, east and south coincide with surface water divides and are assumed to
be no-flow boundaries. The majority of the western boundary is aligned with a regional stream line
and is represented as a noflow boundary condition from physical symmetry.
The northern extent of the western boundary corresponds to the regional groundwater outflow and is
assumed to be a fixed head boundary. The locations of the boundary conditions at the extents of the
model domain are depicted in Figure 5-5.
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It is not best practise to invoke constant head boundaries close to the area of interest, however, the
distance between the main area of interest and the northern boundary is sufficient (> 50km) that the
influence of this boundary does not impact on the processes in the area of investigation.
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Figure 5-5 Model extent and external boundary conditions. Red cells are no-flow boundary
conditions, yellow cells are active and green cells are external boundary conditions.
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5.2. Steady state model design / construction
Steady-state simulations are used to model equilibrium conditions representing the “average”
hydrological balance, or conditions where aquifer storage changes are not significant. A system is
said to be in a steady state when the flow processes are (at least to a good approximation) constant
with time. The inflows to and the outflows from the system are equal and as a result, there is no
change in storage within the aquifer. This also means that the heads and watertable elevation do not
change with time. Steady-state models, therefore, do not use storage properties.
A steady state model was developed to provide:
1) an estimate of the hydraulic conductivity distribution;
2) an understanding of the areas of recharge; and
3) an initial heads distribution for the transient groundwater model.
5.2.1. Selected steady state process models
It was assumed that under steady state conditions that the overland flow, unsaturated zone flow and
evapotranspiration processes could be approximated by an average annual infiltration rate (adjusted
to mm/d) along the drainage and a much lower infiltration rate for the rest of the model domain. Using
this assumption only the saturated zone (groundwater) process model was active.
Evapotranspiration was represented using the drain boundary conditions and adjusting the drain
coefficient and depth of the drain below ground surface.
5.2.2. Steady state initial potential head
During the steady state model parameter estimation the initial head was set to a constant depth of
9.5 metres below ground level.
Transient model initial head distribution was taken from the calibrated steady state groundwater
model, which is presented below in Figure 6-3.
5.2.3. Infiltration (recharge zones)
The model domain was divided into 7 infiltration zones. The infiltration zones were delineated using
the 1:1000000 digital surface geology.
As discussed in the hydrogeological conceptualisation, floodouts are expected to play an important
role in recharge to the groundwater system, however, it was felt that given the poor understanding of
how overland flow moves across the landscape, the floodouts have been confined to the location of
the drainage features. It should be noted that the transient model provides estimates of the areas and
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timing of inundation during flood events and it may be possible to incorporate this information into the
definition of steady state infiltration zones in future studies. The broad geological classification for each
of the 7 infiltration zones are:
•

Zone 1 Outcropping basement rocks;

•

Zone 2 Aeolian sediments;

•

Zone 3 Sand plains overlying basement rocks;

•

Zone 4 Alluvium / floodout zones overlying basement rocks;

•

Zone 5 Alluvium / floodout zones overlying the regional aquifer system

•

Zone 6 Sand plains overlying regional aquifers; and

•

Zone 7 Taylor Creek floodout overlying regional aquifers.

The distribution of the infiltration zones is presented below in Figure 5-6.
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Figure 5-6 Infiltration zones used to delineate recharge to the groundwater system.

5.2.4. Hydraulic conductivity
The hydraulic conductivity distribution was assigned using the ‘geological units (or zones) within
layers’ option.
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MIKESHE requires layers to extend over the entire model domain, therefore, even though each of the
layers is identified by the dominant geological formation other units are also present in the layers, this
is reflected in the spatial distribution of hydraulic conductivity for each layer.
A total of 6 zones were identified based on the occurrence of the aquifers and basement rocks. The
location of the zones are presented below in section 5.2.10Transient model design & construction
5.2.5. Selected transient process models
To incorporate each of the components identified in the conceptual model the transient model was
designed using the following MIKE SHE process models selected:
•

Overland flow (OL) implemented using finite difference

•

Unsaturated flow (UZ) implemented using gravity flow

•

Evapotranspiration (ET)

•

Saturated zone (SZ) implemented using finite difference

5.2.6. Simulation period and time stepping
The period from 1970 to 2015 was selected as the period for parameter estimation. Prior to 1970
there is no evaporation data available for the Western Davenport basin, and the BOM site provides
average figures only. To reduce run times a shorter period was initially chosen between the years
1970 – 1995. This period was selected because two of the most notable recharge events occurred
during this period, the first around 1975 – 1977 and the second in 1991 – 1992. However, it was
found that the optimised parameters for these events resulted in an overestimate of the recharge for
the subsequent events in 2001 and 2010 when the model was run from 1970 – 2015.
The Max allowed SZ time step was constrained to 24 hours. The MIKE SHE simulation settings are
presented in Table 14.
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Table 14 MIKE SHE simulation specification settings
Simulation specification settings

Value

Unit

Simulation period
01/01/1970 – 01/01/2015
Time step control
Initial time step
Max allowed OL time step
Max allowed UZ time step
Max allowed SZ time step
Increment of reduced time step length
Increment rate (0-1)
SZ computational control parameters

6
2
12
24

Hrs
Hrs
Hrs
Hrs

0.05

Solver type: PCG – transient no under relaxation
Gradual drain activation
Horizontal Conductance averaging between iterations
Iteration control

Yes
Yes
Yes

Max no. of iterations
Max head change per iteration
Max residual error

500
0.0001
1e-05

metres
m/d

5.2.7. Overland flow (OL)
The finite difference overland flow module has been selected to allow for the detailed interaction
between overland flow and the unsaturated / saturated zones. The module requires topographic data
and distributions for Manning’s M (m1/3/s), storage detention depth (mm) and initial water depth (mm).
OL Manning M
The Manning M used in the overland flow calculation is the inverse of the commonly used Mannings n.
The value of n is typically in the range of 0.01 (smooth channels) to 0.10 (thickly vegetated channels),
which correspond to values of M between 100 and 10, respectively (DHI, 2016). A Manning M value
of 25 has been selected for the entire model domain, which represents the predominantly grassed
and shrubby sand plains in the area.
OL Detention storage
Local depressions in the topography, are conceptually modelled as detention storage. Detention
storage restricts overland flow and allows water to more easily evaporate or infiltrate. The detention
storage was assigned a constant value of 10 mm for the model domain.
5.2.8. Evapotranspiration (ET)
The calculation of evapotranspiration (ET) uses meteorological (rainfall and evaporation) and vegetative
data to predict the total evapotranspiration and net rainfall due to:
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•

Interception of rainfall by the canopy,

•

Drainage from the canopy to the soil surface,

•

Evaporation from the canopy surface,

•

Evaporation from the soil surface, and

•

Uptake of water by plant roots and its transpiration, based on soil moisture in the
unsaturated root zone.

In MIKESHE, the ET processes are split up and modelled in the following order:
•

A proportion of the rainfall is intercepted by the vegetation canopy, from which part of the
water evaporates.

•

The remaining water reaches the soil surface, producing either surface water runoff or
percolating to the unsaturated zone.

•

Part of the infiltrating water is evaporated from the upper part of the root zone or transpired
by the plant roots.

•

The remainder of the infiltrating water recharges the groundwater in the saturated zone.

In the ET model, the actual evapotranspiration and the actual soil moisture status in the root zone are
calculated from the reference evaporation rate, along with maximum root depth and leaf area index
for the plants. The empirical equations in the model are based on actual measurements.
ET Leaf Area Index (LAI)
The area of leaves above a unit area of the ground surface is defined by the leaf area index, LAI. The
zones used to assign LAI are consistent with those used to assign detention storage.
ET Root Depth (RD)
The root depth is defined as the maximum depth of active roots in the root zone. The zones used to
assign RD are consistent with those used to assign detention storage and LAI.
5.2.9. Unsaturated zone flow (UZ)
Unsaturated flow is one of the central processes in most model applications using MIKE SHE. The
unsaturated zone is usually heterogeneous and characterised by cyclic fluctuations in the soil
moisture as water is replenished by rainfall and removed by evapotranspiration and recharge to the
groundwater table. Unsaturated flow is primarily vertical since gravity plays the major role during
infiltration. Therefore, unsaturated flow in MIKE SHE is calculated only vertically in one-dimension,
which is sufficient for most applications. MIKE SHE includes an iterative coupling procedure between
the unsaturated zone and the saturated zone to compute the correct soil moisture and the water table
dynamics in the lower part of the soil profile (DHI, 2016).
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There are three options in MIKE SHE for calculating vertical flow in the unsaturated zone:
•

The full Richards equation, which requires a tabular or functional relationship for both the
moisture-retention curve and the effective hydraulic conductivity. The full Richards equation
is the most computationally intensive, but also the most accurate when the unsaturated flow
is dynamic.

•

The simplified gravity flow procedure, which assumes a uniform vertical gradient and ignores
capillary forces. The simplified gravity flow procedure provides a suitable solution when the
primary interested is in the time varying recharge to the groundwater table based on actual
precipitation and evapotranspiration and not the dynamics in the unsaturated zone.

•

The simple two-layer water balance method suitable for shallow water tables. The simple
two-layer water balance method is suitable when the water table is shallow and groundwater
recharge is primarily influenced by evapotranspiration in the root zone. In areas with deeper
and drier unsaturated zones, the model does not realistically represent the flow dynamics in
the unsaturated zone.

Due to the presence of a thick unsaturated zone and apparent time lags in recharge, the gravity flow
process model has been selected for this study as it provides a suitable solution when the primary
interest is time varying recharge. It is also computationally less intensive than the full Richards
equation. The Governing Equation for the unsaturated flow using the simplified gravity flow procedure
requires information about two hydraulic functions with respect to water content (q):
•

the hydraulic conductivity function, K(q), and

•

the soil moisture retention curve y(q).

There are four principal parameters that must be defined for each soil type when using the gravity
method:
•

Soil water content at saturation (θs) - this is the maximum water content of the soil, which is
approximately equal to the porosity;

•

pFfc - This is the suction pressure of a soil when it is at field capacity. The pFfc (field
capacity) is used as the initial condition in the unsaturated flow module. A typical value is
about 2.0. The corresponding soil water content at field capacity (θfc) is the water content at
which vertical flow becomes negligible. In practice, this is the water content that is reached
when the soil can freely drain.

•

pFw - This is the suction pressure of the soil when it is at the wilting point. The pFw (wilting)
is typically about 4.2. The corresponding soil water content at the field wilting point (θw) is
the lowest water content that plants can extract water from the soil.
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•

Saturated hydraulic conductivity (Ksat) - this is the saturated hydraulic conductivity of the
soil.

UZ Hydraulic conductivity function
Several parametric forms of the hydraulic conductivity function are available in the MIKE SHE interface
allows the user to specify three of the most common parametric forms, Averjanov function, the van
Genuchten function and Cambell / Burdine function.
The Averjanov hydraulic conductivity relationship was chosen because only a single parameter is
required to define the water content and hydraulic conductivity relationship. Given that there is no
data to inform this relationship the simplest relationship available in MIKE SHE was selected.
In the Averjanov method, the hydraulic conductivity, K, is described as a function of the effective
saturation (Se).
$(2) = $456 /7

8

where
/7 =

9 − 9:
94 − 9:

θs, θ and θr are saturated, actual and residual moisture contents, respectively.
The full knowledge about the hydraulic conductivity function is seldom available, however, the
exponent n is usually small (2-5) for sandy soils and large (10-20) for clayey soils (DHI, 2016). In this
context a value of 5 was selected for this study.
The hydraulic conductivity decreases strongly as the moisture content q decreases from saturation.
This is not surprising since the total cross-sectional area for the flow decreases as the pores are filled
with air. In addition, when a smaller part of the pore system is available to carry the flow, the flow
paths will become more tortuous.
UZ Soil moisture retention curves
The relationship between the water content, θ, and the matric potential, y, is known as the soil
moisture retention curve, which is basically a function of the texture and structure of the soil. Similar to
hydraulic conductivity, the pressure head decreases rapidly as the moisture content decreases.
Several parametric forms of the soil moisture retention curve have been developed over the years.
The MIKE SHE interface allows the user to specify two of the most common parametric forms, the
van Genuchten function and Cambell function.
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The van Genuchten formula is the most widely used soil moisture-pressure relationship and has been
adopted in this study.
9 ; = 9: +

9< − 9=
1+ α ;

A
8 AB 8

qs and qr are saturated and residual moisture contents, respectively.
α = is related to the inverse of the air entry suction
n = is a measure of the pore-size distribution.
Unsaturated flow in the UZ process model was calculated in all grid points.
UZ Specific yield
The specific yield is only used in transient simulations, in the cells that contain the water table. In the
cells below the water table, the specific storage is used.
In an unconfined aquifer, the specific yield is defined as the volume of water released per unit surface
area of aquifer per unit decline in head. This results in a unit of L3/L2/L, which is dimensionless. In the
unsaturated zone the field capacity of a soil is the remaining water content after a period of free
drainage. Thus, specific yield is equal to the saturated water content minus the field capacity.
If the UZ process model is included in the simulation the value specified for specific yield in the
saturated zone setup is not used for the specific yield of the upper most SZ layer. The specific yield of
the top SZ layer is set equal to the saturated water content minus the field capacity defined in the
unsaturated zone. This is to avoid water balance errors at the interface between the SZ and UZ
process models. The value is determined once at the beginning of the simulation.
UZ Soil profile definitions
The first part of the soil profile definition is to define the areas with the same soil profiles. This can be
done using either a uniform value or distributed using a DFS2 integer grid code file or a polygon .shp
file. For each unique grid code or polygon in the distribution file, a separate sub-item will appear in the
data tree, in which the soil profile data can be defined.
In the sub-item dialogues, the soil type and distribution of the soil layers (i.e. depth and thickness of
each soil type) in the individual profiles is specified, as well as the vertical discretisation of the soil
profile.
Soil Profile - The soil profile section allows you to define the vertical soil profile. Soil layers
can be added, deleted and moved up and down using the icons.
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Vertical discretisation - In this section you specify the vertical discretisation of the soil
profile, which typically contains small cells near the ground surface and increasing cell
thickness with depth. However, the soil properties are averaged if the cell boundaries and the
soil boundaries do not align.
A total of 7 soil profiles were specified in the model domain. Each soil profile is composed of different
soil types. In this study the soil profiles comprised two soil types where:
Soil 1, represents the usually coarser textured surficial sediments in the upper horizon; and
Soil 2 represents the finer textured soils in the lower horizon.
The relationship between the UZ process model, the soil types and the SZ process model are
presented in Figure 5-7.

Figure 5-7 Diagrammatic representation of the UZ process model with profiles comprising 2 soil
types.

The soil zones were initially delineated along the major drainage and the surrounding sand plains
similar to the zones used for the OL and ET process models. As discussed above, to ensure
continuity of the water balance between the unsaturated zone and the saturated zone, the specific
yield is defined by the difference between the saturated water content and the field capacity of the soil
(DHI, 2016).
The soil profile describing the outcropping Palaeoproterozoic rocks assigned ‘Soil 3’ in the northeast
and southwest of the model domain consisted of a single soil type called ‘Soil 3 - Outcrop’ in the soil
database.
The spatial distribution of the soil profiles is presented in Figure 5-8. The details of each of the soil
profiles are presented in Table 15.
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Figure 5-8 Grid codes (zones) defining the spatial distribution of soil profiles used in the unsaturated
flow process model.

UZ Vertical Grid Discretisation
The vertical discretisation of the soil profile typically contains small cells near the ground surface and
increasing cell thickness with depth. For the Gravity Flow module, a relatively coarse discretisation
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may be used, for example, 0.10-0.25 m in the upper part of the soil profile and up to 0.50-1.00 m in
the lower part of the profile (DHI, 2016).
The vertical discretisation used in the Western Davenport UZ process model was consistent across
the 8 soil profiles and chosen to minimise runtimes. A vertical discretisation of 1 metre was used in
the upper 24 metres of the soil profile and 2 metre discretisation to the maximum depth of each
respective profile. Table 15 provides details of the vertical discretisation and soil types used to define
soil profiles in each of the zones identified above.
Table 15 Soil profiles and vertical discretisation
Soil profile
Grid
code
1

2

3

4

5

6

7

9

Vertical discretisation

Soil 1

Soil 2

Layer 1

Layer 2

From depth

0

5

From depth

0

24

To depth

5

Soil name

Soil 1 - Loam

100

To depth

24

100

Soil 8 - Silt

Cell height

1

2

From depth

0

5

From depth

0

24

To depth

5

100

To depth

24

100

Soil name

Soil 2 – Loam sand

Soil 8 - Silt

Cell height

1

2

From depth

0

-

From depth

0

24

To depth

100

-

To depth

24

100

Soil name

Soil 3 - Outcrop

-

Cell height

1

2

From depth

0

5

From depth

0

24

To depth

5

100

To depth

24

100

Soil name

Soil 4 - Alluvium

Soil 8 - Silt

Cell height

1

2

From depth

0

-

From depth

0

24

To depth

100

-

To depth

24

100

Soil name

Soil 5 - Colluvium

-

Cell height

1

2

From depth

0

5

From depth

0

24

To depth

5

100

To depth

24

100

Soil name

Soil 6 – Hard pan

Soil 8 - Silt

Cell height

1

2

From depth

0

5

From depth

0

24

To depth

5

100

To depth

24

100

Soil name

Soil 7 - Calcrete

Soil 8 - Silt

Cell height

1

2

From depth

0

5

From depth

0

24

To depth

5

100

To depth

24

100

Soil name

Soil 9 - Floodout

Soil 8 - Silt

Cell height

1

2

UZ Soil properties database
When using one of the finite difference UZ methods (i.e. the Richards Equation and Gravity methods),
the soil properties database is used to define the unsaturated flow moisture retention curves and
hydraulic conductivity functions for each of the different soil types. Each soil type requires the
following parameters to be defined:
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pFfc = field capacity
pFw = wilting point
qs and qr are saturated and residual moisture contents, respectively.
Alpha (a) = is related to the inverse of the air entry suction
n = is a measure of the pore-size distribution
Ksat = the saturated hydraulic conductivity of the soil
n = hydraulic conductivity exponent
The UZ gravity module employs a pF log scale for representing soil matric potential. Thus,
pF = log10(-100y)
where y is the matric potential in metres of water and y is always negative under unsaturated
conditions.
As identified above in Table 15, each soil profile is composed of at least 2 different soil types and a
total of 9 soil types were used to describe the 8 soil profiles defined in the model domain (refer above
to Figure 5-8).
Unsaturated flow parameters are difficult to obtain from sub-surface samples, therefore, the soil
texture has been used as a proxy to determine unsaturated flow parameters. Several catalogues of
soil texture to water retention parameters can be found in the literature (Carsel & Parrish, 1988; Rawls,
Brakenstiek, & Saxton, 1982; Schaap, 2000; Schaap, Leij, & van Genuchten, 2001). Schaap (2000)
collated much of this work and provides soil texture classes and the corresponding average van
Genuchten parameters. The averaged parameters are employed as initial estimates for the soils
identified in the Western Davenport WCD area.
The final unsaturated zone parameters determined for the WDWCD model are presented below in
section 6.6.
5.2.10.

Saturated zone flow (SZ)

Settings specific to the saturated zone during transient model runs are presented below in Table 16.
Table 16 MIKE SHE saturated zone settings
Saturated zone settings
Include pumping wells
Include subsurface drainage
Drainage routed downhill based on adjacent drain levels
Drainage level
Drainage time constant

CloudGMS

Value
Yes
Yes
Yes
-1.0
1e-07

Unit

mBGL
sec-1
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Saturated zone parameter distribution
The saturated zone hydraulic parameters are applied using Geological unit codes. The distribution
of each geological unit for layers 1-4 are presented below in Figure 5-9 a – d respectively. Each layer
is referred to by the upper most geological unit represented in each of the layers.
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a)

c)

b)

d)

Figure 5-9 Geological unit distributions for each layer a) Layer 1 – Cenozoic; b) Layer 2 – Dulcie; c)
Layer 3 – Arrinthrunga; and d) Layer 4 – Chabalowe.
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6 Parameter estimation
6.1. General parameter estimation (calibration) strategy
Parameter estimation or calibration is a process, following model design and construction, by which
parameters are adjusted until model predictions fit historical measurements or observations, so that
the model can be accepted as a good representation of the physical system of interest (Barnett et al,
2010).
In this study parameter estimation (calibration) was undertaken using a combination of the manual
trial-and-error method and automated methods.
Trial-and-error parameter estimation was used to assess the changes in the modelled response to
changes in the model parameters as a kind of sensitivity analysis to inform the design of the
automated parameter estimation process.
In trial-and-error methods the model is run initially, using initial estimates of all model parameters, for
the period of time during which historical data is available. Modelled heads are compared with
observations both numerically and graphically to assess 'goodness of fit'.
After each model run, with each new set of parameter values, the differences between runs is
considered, and attempts to choose new parameter values that will in some sense bring the model
predictions closer to all available measurements. For example:
•

when hydraulic conductivities are increased, heads and gradients tend to decrease, and
response times (lags) decrease.

•

when storage coefficients are increased, the response to recharge or pumping is less, and
response times increase.

•

when recharge is increased, heads and gradients increase.

Through the use of optimisation software, such as UCODE (Poeter and Hill, 1998) or PEST (Doherty,
PEST Model-Indepedent Parameter Estimation User Manual Part I: PEST Software, 2016), the
parameter estimation process is partially automated, with software doing much of the work on behalf
of the modeller, and a rigorous mathematical methodology is applied that increases the reproducibility
of the calibration process compared to trial-and-error calibration.
Automatic parameter estimation is achieved by the optimisation software iteratively running the model,
determining the objective function by statistically comparing the simulated values to observed values
after each model simulation run and then updating adjustable model parameters to improve the fit
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between simulated and observed values. The iterative simulations continue until a 'best fit' between
simulated values and observed values is attained based on minimising the objective function.
Regardless of the technique employed all optimisation methods require:
•

selection of a number of parameters to be estimated;

•

an objective function, that is, a function of the measured values, defined such that its value is
to be minimised; and

•

constraints that somehow limit the possible choices for the values of the estimated
parameters.

6.1.1. Optimisation code
In this study automatic parameter estimation was undertaken using the PEST suite of modelindependent parameter estimation software (Doherty, 2010 and Doherty, 2013). The purpose of
PEST, which is an acronym for Parameter ESTimation, is to assist in data interpretation, model
calibration and predictive analysis (Doherty, 2010). The PEST code is open-source, public domain
software, which, along with extensive documentation, can be downloaded from
http://www.pesthomepage.org.
The steady state model was completed using the PEST code. Due to factors discussed in section
6.5.1 the transient model parameter estimation was completed using the PEST implementation of the
covariance matrix adaptation evolution strategy (CMAES) optimisation code (Hansen et al, 2003).
6.1.2. Objective function
The objective function or phi (F) is a measure of the discrepancy between the observed values and
the values determined by an estimation model. The smaller the objective function indicates a ‘better’
fit of the model values to the observed values. The objective function in groundwater models typically
comprises many different types of target data, for example, hydraulic heads or gauged flows. In the
Western Davenport groundwater model only heads are available.
The PEST suite of programs uses the weighted sum of squared residuals (WRSS) as the target
objective function.
6.1.3. Measure of ‘goodness of fit'
The ‘goodness of fit’ of the modelled to the observed data is often measured using a simple statistic.
Statistics used in this study to describe the fit of final model output values to observed values include:
The weighted sum of squared residuals (WSSR). This is the default measure utilised by the PEST suite
of programs uses as the target objective function to assess ‘goodness of fit'.
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C//D =

CE ∗ )E − G #E

H

EIA

where
Wi is the i’th observation weighting
yi is the i’th observed value
f(xi) is the i’th predicted value
The root mean squared error (RMS):

DJ/ =

8
EIA

CE ∗ )E − G #E

H

K

where
Wi is the i’th observation weighting
yi is the i’th observed value
f(xi) is the i’th predicted value
The scaled root mean squared error (SRMS) is the RMS divided by the range of measured heads and
expressed as a percentage. Weights are sometimes introduced to account for different levels of
confidence in different measurements.
100
/DJ/ =
M

8
EIA

CE ∗ )E − G #E

H

K

where
Wi are weights between 0 and 1; and
H is the range of measured heads across the model domain.
6.2. Coupling the PEST suite and MIKE SHE model codes
The automated parameter estimation process requires coupling of the optimisation software and the
modelling software by updating model input files with PEST determined values and reading the
resulting model outputs in a form suitable for comparison with the measured observations. To
facilitate these two processes utilities were developed using the DHI Timeseries Package
downloadable from http://www.mikebydhi.com/download.

CloudGMS

87

Western Davenport WCD Groundwater Model
Parameter Estimation

6.3. Steady state parameter estimation
The steady state model parameters were optimised in accordance with the guiding principles outlined
by Barnett et al, (2012).
The steady state model parameter estimation was undertaken using PEST (Doherty, 2010). The
hydraulic conductivity at the pilot points and the infiltration fraction zones were adjustable during the
parameter estimation process.
6.3.1. Steady state objective function
The objective function used the ‘average' groundwater levels from 177 bores within the Western
Davenport WCD model domain. It was assumed that the average value of the available groundwater
level record for each bore approximated the steady state level. It is expected that using this
assumption may introduce an error of up to 5 metres.
The ‘average’ groundwater levels used in the steady state parameter estimation process are
presented below in Table 17.
Table 17 Bores and ‘average’ heads (mAHD) used in the steady state parameter estimation.
Bore Id.

Ave. Head

Bore Id.

Ave. Head

Bore Id.

Ave. Head

Bore Id.

Ave. Head

RN000436

301.70

RN010155

398.00

RN014877

421.90

RN017801

422.90

RN000437

351.40

RN010222

372.30

RN014878

434.70

RN017803

469.80

RN000438

371.00

RN010279

381.10

RN014944

456.90

RN018066

367.90

RN000441

512.10

RN010538

362.70

RN015174

347.10

RN018067

441.00

RN000442

422.20

RN010721

394.70

RN015175

352.90

RN018083

434.90

RN000443

420.00

RN010744

362.90

RN015176

373.10

RN018112

367.50

RN000445

491.00

RN010843

413.60

RN015244

352.00

RN018114

369.60

RN000682

361.00

RN011007

367.10

RN015245

355.00

RN018116

370.90

RN000683

365.00

RN011008

369.10

RN015578

342.00

RN018117

367.20

RN001476

354.00

RN011011

371.00

RN015580

352.00

RN018118

367.80

RN001800

359.10

RN011012

367.90

RN015581

350.00

RN018241

364.10

RN002047

361.50

RN011013

367.90

RN015583

356.10

RN018242

360.70

RN002048

348.90

RN011178

367.00

RN015584

359.70

RN018265

482.20

RN002049

320.70

RN011180

365.20

RN015585

353.20

RN018338

361.40

RN002050

333.60

RN011657

393.20

RN015964

462.00

RN018346

365.20

RN002051

342.20

RN011658

392.90

RN015965

456.90

RN018347

363.10

RN002052

333.50

RN011659

392.90

RN015966

385.90

RN018348

359.00

RN002053

345.00

RN011876

396.20

RN015967

348.10

RN018387

364.70

RN005394

364.80

RN011877

398.30

RN015968

353.00

RN018388

366.00

RN005409

359.00

RN012014

378.00

RN016196

342.80

RN018390

367.20

RN005427

362.80

RN012697

388.30

RN016782

423.00

RN018401

356.90

RN005788

361.10

RN012698

388.30

RN016797

354.00

RN018403

365.90

RN005950

342.40

RN012706

392.00

RN016798

452.20

RN018404

363.70

RN005951

349.00

RN012976

441.90

RN016799

465.10

RN018441

369.80
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Bore Id.

Ave. Head

Bore Id.

Ave. Head

Bore Id.

Ave. Head

Bore Id.

Ave. Head

RN005952

362.90

RN013201

365.90

RN016915

471.10

RN018442

366.00

RN006214

324.70

RN013323

376.10

RN016917

472.10

RN018443

369.90

RN006257

353.40

RN013324

407.00

RN016932

351.00

RN018445

363.30

RN006258

355.30

RN013345

439.60

RN017177

375.60

RN018451

368.20

RN006259

353.50

RN013722

409.90

RN017310

508.10

RN018452

363.90

RN006260

351.20

RN013752

377.90

RN017311

506.90

RN018453

362.80

RN006261

351.10

RN013753

349.90

RN017312

509.40

RN018454

360.50

RN006434

349.40

RN013754

349.40

RN017313

506.10

RN018455

362.90

RN006437

345.10

RN013755

340.60

RN017585

372.20

RN018456

364.00

RN006438

344.40

RN014354

377.10

RN017586

369.10

RN018458

365.10

RN006439

343.80

RN014355

373.60

RN017587

367.20

RN018460

362.20

RN006440

345.20

RN014356

371.30

RN017588

367.90

RN018909

364.60

RN006442

346.60

RN014357

369.90

RN017589

368.70

RN018910

367.80

RN006890

386.90

RN014519

360.90

RN017590

367.10

RN018931

364.30

RN006891

389.20

RN014528

353.50

RN017591

365.80

RN018932

366.30

RN006895

373.00

RN014562

377.00

RN017592

361.70

RN018933

367.10

RN006896

368.00

RN014602

424.80

RN017593

367.80

RN018632

364.50

RN006897

407.40

RN014787

459.10

RN017594

370.30

RN019041

351.00

RN006898

396.10

RN014789

330.30

RN017595

368.40

RN019040

354.00

RN007016

384.80

RN014832

477.20

RN017799

418.80

RN007017

366.00

RN014833

474.40

RN017800

440.20

6.4. Steady state parameter estimation results
The parameter estimation process resulted in a distribution of hydraulic conductivity, daily infiltration
rate (mm/d) and root depth.
6.4.1. Hydraulic conductivity distribution
The final optimised hydraulic conductivity values for each of the geological units are presented below
in Table 18. The hydraulic conductivity values are consistent with the reported values in section 3.8.
Table 18 Final saturated zone hydraulic parameters.
Name
Cenozoic
Soil
Dulcie
Arrinthrunga
Chabalowe
Fractured rock
Basement

CloudGMS

Code
1
2
3
4
5
6
7

Kh
(m/s)
2.11E-05
1.00E-06
9.52E-06
8.65E-06
2.15E-05
1.00E-06
5.00E-07

(m/d)
1.83E+00
8.64E-02
8.23E-01
7.47E-01
1.85E+00
8.64E-02
4.32E-02

Kv
(m/s)
5.44E-06
1.00E-06
9.52E-07
8.65E-07
2.15E-06
1.00E-06
5.00E-07

Sy

Ss

(m/d)
4.70E-01
8.64E-02
8.23E-02
7.47E-02
1.85E-01
8.64E-02
4.32E-02
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6.4.2. Infiltration distribution
The optimised daily infiltration rate distribution is presented in Figure 6-1. The estimated infiltration
fraction distribution is consistent with the conceptualisation and highlights the importance of infiltration
along the edges of the basin in the vicinity of Taylors Creek and the southern boundary.
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Figure 6-1 Estimated steady state infiltration rate distribution [mm/d].

6.4.3. Root depth

Figure 6-2 Calibrated root depth in metres below ground level
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6.4.4. Calibrated steady state heads
The calibrated steady state heads contours are presented in Figure 6-3. A scatter plot of observed
versus simulated heads is presented in Figure 6-4 along with statistics of the comparison between
observed and simulated heads. The RMS error for all observations is 7.34 metres and the scaled
RMS is 3.7%. The greatest deviation of modelled from measured heads are in the observation groups
designated ‘aileron’ and ‘davenport’, which are located in areas dominated by basement rocks.
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Figure 6-3 Western Davenport WCD calibrated steady state head contours.
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Figure 6-4 Scatter plot of
calibrated steady state heads at
available observation bores.

6.4.5. Steady state water balance
The steady state estimate of groundwater throughflow presented in section 4.6. The final calibrated
model generated a throughflow of 1500 m3/d, which is less than the estimate presented by (Gilbert &
Jolly, 1990) at 24700m3/d. Greater throughflow requires either increasing hydraulic conductivity to
values outside the documented range (refer to section 3.8).

6.4.6. Steady state sensitivity analysis
Sensitivity is the variation in the value of one of more output variables (such as hydraulic heads) due to
changes in the value of one or more inputs to a groundwater flow model (such as hydraulic properties
or boundary conditions). Sensitivity analysis is a procedure for quantifying the response of a model’s
output to an incremental variation in model parameters, stresses, and boundary conditions.
During parameter estimation the sensitivity of the objective function to the adjustable parameters is
calculated by PEST as a Jacobian matrix (Doherty, 2010).
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6.5. Transient parameter estimation
6.5.1. Transient parameter estimation strategy
The transient model parameters estimation process was completed in accordance with the guiding
principles outlined by Barnett et al, (2012).
Similar to the steady state optimisation analysis, the transient parameter estimation process was
initially conducted using trial-and-error to gain an understanding of the model sensitivity to parameter
changes and to inform the automated parameter optimisation design.
The PEST code was initially used to optimise the large parameter set associated with the unsaturated
zone modules.
6.5.2. PEST settings
The PEST input file defines the adjustable parameters, parameter transformations, parameter bounds
and observations used in the objective function.
6.5.3. Simulation period for parameter estimation
The simulation period from 1970 to 2015 was selected for the parameter estimation process. The
reason for using the full period of available observations is due to experience gained from previous
modelling in similar conditions, where attempts to reduce run times by using a shorter simulation
period between the years 1970 – 1995 resulted in an overestimate of the recharge for the subsequent
recharge events in 2001 and 2010 when the model was run from 1970 - 2015. In addition, measured
evaporation data is available from the BOM SILO database from 1/1/1970, before this date only
average evaporation data is available.
6.5.4. Evapotranspiration parameters
The root depth was adjustable during the optimisation process. Each of the zones identified in section
5.2.7 were updated and the corresponding PEST identifiers for root depth were rootdep1 – rootdep6.
6.5.5. Unsaturated zone parameters
The saturated hydraulic conductivity (ks1 – ks9) and the van Genuchten retention curve parameters a
and n were adjusted, primarily to change the specific yield and the moisture content at wilting point
which determine the overall capacity of the soil to store water.
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6.5.6. Pumping data
Production bore details used in the transient calibration were taken from data presented in Section
and are presented below in Table 19.
Table 19 Western Davenport WCD production bore details.
Well ID

Easting

Northing

RL
[mAHD]

Depth
[mBGL]

RN000436
RN005788
RN010537
RN010744
RN010753
RN012697
RN012698
RN015244
RN015245
RN015967
RN016917
RN018117
RN018387
RN018388
RN018390
RN018632
RN018633
RN018909
RN018910
RN018931
RN018932

419127.3
438089.0
438095.0
438256.0
396030.0
465836.0
465889.0
420457.0
420470.0
420426.0
397217.5
428475.0
430360.0
429731.0
429341.0
404473.0
403020.0
403520.0
403518.0
403258.0
402965.0

7717169.1
7676786.0
7676713.0
7676972.0
7621290.0
7672903.0
7672925.0
7700302.0
7700165.0
7699835.0
7622569.5
7679349.0
7677762.0
7677994.0
7678081.0
7684200.0
7684602.0
7684847.0
7684095.0
7684856.0
7684396.0

362.7
373.1
373.1
374.9
482.0
404.3
404.3
360.0
364.0
361.1
482.1
376.2
378.7
380.0
381.2
383.0
382.0
382.0
386.0
382.0
384.0

-115.9
-34.2
-36.6
-54.0
-99.1
-30.5
-27.0
-50.0
-40.0
-52.0
-44.0
-85.1
-60.0
-73.0
-80.3
-143.7
-52.7
-84.8
-87.5
-90.0
-104.0

Well Field

Wa
AH
Wa
Ta
Im
Im
Wy
Wy
Wy
Ta
AFM
AFM
AFM
AFM
NJ
NJ
NJ
NJ
NJ
NJ

Top
[mAHD]

Bottom
[mAHD]

Fraction
[%]

267.7
345.0
339.3
336.5
458.3
386.0
387.0
322.0
336.0
327.1
450.9
314.7
330.7
315.0
315.9
298.0
342.5
328.0
334.5
331.5
318.0

246.9
338.9
336.5
326.7
433.7
379.5
380.6
310.0
324.0
309.1
444.9
302.7
324.7
309.0
303.9
257.0
336.5
304.0
304.5
307.5
288.0

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

AFM – AFM Central Australia; AH – Alekarenge Horticulture; Im – Imangara community; NJ – Neutral
Junction Irrigated Pasture; Ta – Tara community; Wa – Warrabri; Wy – Wycliffe Well
Co-ordinates GDA94 MGA53
RL is relative level in metres above Australian height datum
TD is the total depth of the bore in metres below ground level
The available pumping data is presented in section 3.9, however, there is a lack of extraction data
prior to 2006. Infilling the pumping data employed the following methodology:
•

The missing data was assumed to have a usage pattern that was consistent with the
reported usage prior to the data gap.

•

The data gap was in-filled with the average monthly usages.

The resulting monthly pumping timeseries data used in the calibration of the transient model are
presented in Figure 6-5.
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Figure 6-5 Monthly groundwater extraction for the period 1970-2015 source DLRM (2016).

6.5.7. Transient objective function
The objective function used in the transient parameter estimation analysis was the weighted sum of
squared residuals (WSSR) using 19936 groundwater level measurements from 48 observation bores
in the model domain and includes all available groundwater level data for the period 1970-2015.
To address the issue of any datum errors associated with the elevation of the bore measurement
point, the observations were converted from absolute levels in metres above Australian Height Datum
to head relative to the first observation for each bore. Doherty and Hunt (2010) suggest that the use of
differences between subsequent head measurements, or between each head measurement and a
user-specified reference level (for example the first measurement from each particular well) will often
facilitate better estimation of storage and/or recharge parameters than would result if head values
alone were employed in the calibration process. Thus, failure to exactly match heads need not
compromise the ability of the calibration process to estimate a set of parameters that captures the
system dynamics (for example, seasonal or multi-seasonal head differences). The ability of a model to
be employed for short- or medium-term aquifer management will be improved as a result.
6.6. Estimated transient parameters
The final overland flow parameters were not varied during calibration are presented in Table 20.
Table 20 Final overland flow parameters

Item
Manning M
Detention
storage

CloudGMS

Value
25
10

Unit
m1/3/s
mm
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The final unsaturated soil retention curve parameter values and Averjanov hydraulic conductivity
parameters are presented in Table 21.
Table 21 Final unsaturated soils parameter database
Soil
code
1
2
3
4
5
6
7
8
9

pFfc

pFw

qs

qr

a

n

Sy
derived
Sy

2
2
2
2
2
2
2
2
2

4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.1

0.34
0.34
0.10
0.34
0.34
0.34
0.34
0.34
0.34

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.011
0.011
0.010
0.011
0.012
0.009
0.013
0.025
0.011

1.210
1.210
1.115
1.210
1.070
1.300
1.045
1.126
1.446

0.0355
0.0355
0.0064
0.0132
0.0145
0.0391
0.0103
0.0403
0.0609

van Genuchten retention curve parameter

Averjanov hyd. cond.
Ksat [m/s]

n

7.20E-07
7.00E-07
1.00E-07
1.00E-07
1.50E-07
1.00E-08
8.00E-07
1.00E-07
6.00E-07

3
3
1
1
5
3
3
3
3

The final aquifer hydraulic conductivity and specific yield (derived from unsaturated zone parameters)
estimates are presented in Table 22. The hydraulic conductivity and storage values are consistent
with the reported values in section 3.8.
Table 22 Final saturated zone hydraulic parameters.
Name
Cenozoic
Soil
Dulcie
Arrinthrunga
Chabalowe
Fractured rock
Basement

Code
1
2
3
4
5
6
7

Kh
(m/s)
2.11E-05
1.00E-06
9.52E-06
8.65E-06
2.15E-05
1.00E-06
5.00E-07

(m/d)
1.83E+00
8.64E-02
8.23E-01
7.47E-01
1.85E+00
8.64E-02
4.32E-02

Kv
(m/s)
5.44E-06
1.00E-06
9.52E-07
8.65E-07
2.15E-06
1.00E-06
5.00E-07

(m/d)
4.70E-01
8.64E-02
8.23E-02
7.47E-02
1.85E-01
8.64E-02
4.32E-02

Sy

Ss

4.00E-02
4.00E-02
4.00E-02
4.00E-02
4.00E-02
1.00E-02
1.00E-02

1.00E-04
1.00E-04
1.00E-05
1.00E-05
5.00E-06
1.00E-06
1.00E-06

6.7. Transient model performance
Barnett et al (2012) recommend that the groundwater model acceptance should be based on a
number of measures that may not be specifically related to model calibration. These measures are
required to demonstrate that a groundwater model is robust, simulates the water balance as required
and is consistent with the conceptual model on which it is based. The four measures recommended
by Barnett et al (2012) are presented in Table 23. The performance of the WDP groundwater model is
discussed in the following sections.
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Table 23 Recommended groundwater model performance measures (after Barnett, 2012)
Performance measure
Model convergence
The model must converge in the sense that the
maximum change in heads between iterations is
acceptably small.
Water balance
The model must demonstrate an accurate water
balance, at all times and in steady state. The water
balance error is the difference between total
predicted inflow and total predicted outflow, including
changes in storage, divided by either total inflow or
outflow and expressed as a percentage.
Qualitative measures
The model results must make sense and be
consistent with the conceptual model. Contours of
heads, hydrographs and flow patterns must be
reasonable, and similar to those anticipated, based
either on measurements or intuition.
Estimated parameters must make sense, and be
consistent with the conceptual model and with
expectations based on similar hydrogeological
systems.
Quantitative measures
The goodness of fit between the model and historical
measurements can be quantified, using statistics
such as RMS, SRMS, MSR and SMSR for trial-anderror calibration and the objective function in
automated calibration.

Criterion
The iteration convergence criterion should be one or
two orders of magnitude smaller than the level of
accuracy required in head predictions. Typically of
the order of centimetres or millimetres.
A value less than 1% should be achieved and
reported at all times and cumulatively over the whole
simulation. Ideally the error should be much less. An
error of >5% would be unacceptable, and usually
indicates some kind of error in the way the model has
been set up.
Qualitative measures apply during calibration, when
comparisons can be made with historical
measurements, but also during predictions, when
there is still a need for consistency with expectations.
There is no specific measure of success. A subjective
assessment is required as to the reasonableness of
model results, relative to observations and
expectations. The modeller should report on relevant
qualitative measures and discuss the reasons for
consistency and inconsistency with expectations.
Quantitative measures only apply during calibration.
Statistics of goodness of fit are useful descriptors but
should not necessarily be used to define targets.
Targets such as SRMS < 5% or SRMS < 10% may
be useful if a model is similar to other existing models
and there is good reason to believe that the target is
achievable. Even if a formal target is not set, these
measures may provide useful guides.

6.7.1. Model convergence
Section 5.2.6 documents that the iteration convergence criterion (maximum head change per
iteration) was set at 0.0001 m (or 0.1 mm). This criterion is two orders of magnitude smaller than the
estimated accuracy of the observed head measurements. On completion of the transient model runs,
the model log was queried to ensure all iterations converged.
6.7.2. Qualitative measures
The final estimated parameters are considered to be consistent with the conceptual model and with
expectations based on similar hydrogeological systems.
The modelled water budget is also considered to be consistent with the conceptual model, although
the volume in storage is considerably greater than the previous estimates as discussed further below.
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The contours of heads, hydrographs and flow patterns are reasonable, and similar to those
anticipated, based on observed measurements. Generally, the absolute modelled groundwater levels
are in good agreement with the observed values. Long term trends in the groundwater levels are
generally reproduced.
The models capacity to match individual recharge events is attributed to:
•

the use of coarse rainfall data in an area where it is expected that there would be relatively
high spatial and temporal variability; and

•

the lack of observation data to constrain overland flow processes, primarily the area of
inundation during events that result in recharge to the groundwater system.

The modelled and observed heads at selected sites are presented below. The complete sets of
observation bore hydrographs used in the parameter estimation process are presented in
Appendix A.

a)

b)

c)

d)

Figure 6-6 Comparison between observed and simulated groundwater levels at a) RN005409 b)
RN0018114 c) RN018118 and d) RN018404.
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6.7.3. Quantitative performance
At the conclusion of the parameter estimation process the final weighted sum of squared residuals
(WSSR) objective function was 67506 (17193 observations). This corresponds to a root mean
squared (RMS) error of 1.98 metres.
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7 Water balances
7.1. Introduction
7.1.1. MIKE SHE water balance utility
The water balance utility is a post-processing tool for generating water balance summaries from MIKE
SHE simulations and has been used to assess the impacts of the various pumping scenarios. The
water budget tool can provide whole catchment water balances and sub-catchment water balances.
Water balance outputs include area normalised flows as storage depths, storage changes, and model
errors for individual model components (e.g., unsaturated zone, evapotranspiration, saturated zone by
layer etc.).
7.1.2. Units for the water balance
The values in the water balance are presented as storage depth in millimetres over the area used to
calculate the water budget. This normalisation allows water balances for different models or model
areas to be more easily compared. The storage depth values can be converted to volume by
multiplying by the area of the internal model cells within the sub-catchment of interest.
7.1.3. Total catchment water balance
The total catchment water balance provides the inflows, outflows and storages changes for a defined
catchment or sub-catchment. However, the total water balance does not include the exchanges
between the various flow process modules. To obtain these exchanges other water balance options
are available such as a detailed water balance for the saturated zone (SZ) described below. The
catchment water balance gives an overview of the inflows and outflows to the model domain, it also
provides a quantitative indicator of model performance. Best practice guidelines presented in Table
23 identify that a value less than 1% should be achieved and reported at all times and cumulatively
over the whole simulation and Ideally the error should be much less.
7.1.4. Saturated zone water balance items
The impacts of groundwater development on the water resources in the saturated zone, which
includes all water below the water table, is the main focus of the modelling study. The impacts of the
various scenarios have been assessed by comparing changes in the saturated zone water balance
components. The saturated zone water balances have been extracted using the Saturated Zone –
detailed water balance option (DHI, 2016). The Saturated Zone – detailed water balance option is
depth-integrated and provides the inflows, outflows and storage changes to all layers in the saturated
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zone and includes items for recharge and evapotranspiration. The items in the water balance relate to
specific exchanges between the overland flow (OL), unsaturated zone flow (UZ + ET) and the
saturated zone flow (SZ), the various items are described below in Table 24.
Table 24 MIKESHE saturated zone water balance components.
Item
sz.qrech

sz.qOlSzPos
sz.qOlSzNeg
sz.EtSz
sz.qSzIn
sz.qSzOut
sz.dSzSto
sz.qSzAbsEx
sz.qSzDrIn
sz.qSzDrOut
Error

Description
Recharge to SZ via the UZ soil matrix.
Recharge is a vertical downward flow, thus in the negative direction.
This is the same sign as the water balance convention of negative
inflow.
Upward flow directly from SZ to ponded water.
This is non-zero only when the groundwater table is at or above the
ground surface.
Downward flow directly from ponded water to SZ.
This is non-zero only when the groundwater table is at or above the
ground surface.
Evapotranspiration directly from SZ.
Inflow to SZ storage across the boundary of the model, or inflow
across the boundary of the water balance sub-area.
Inflow from internal fixed head cells is also included in this term.
Outflow from SZ storage across the boundary of the model, or
outflow across the boundary of the water balance sub-area.
Outflow to internal fixed head cells is also included in this term.
Change in SZ storage
Groundwater pumping from SZ.
SZ drainage to local depressions in the current water balance area
from areas outside of the current water balance sub-area.
SZ drainage to the model boundary, SZ drainage removed directly
from the model.
SZ water balance error.

Sign convention
Inflow - negative

Outflow - positive

Inflow - negative

Positive - outflow
Inflow - negative

Positive - outflow

Positive when
storage increases
Outflow - positive
Inflow - negative
Outflow - positive
Positive if water
generated
(storage + Outflow
> Inflow)

The sz.qrech component describes the recharge to the water table, but also includes evaporation
occurring where the water table is close to the surface.
The sz.EtSz component is the evapotranspiration due to vegetation accessing groundwater directly
from the water table and is related to the vegetation root depth.
7.1.5. Western Davenport water management zones
The sub-catchment zones used in determining the water balances are mostly coincident with the
management zones presented as part of the Water Allocation Plan (NRETAS, 2011). The notable
difference from the zonation in the 2011 WAP is the combination of three zones designated
Northwest Zone, Central Zone and Southeast Zone into a single management zone referred to as the
Central Zone.
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The locations of the current zones used to generate the sub-catchment water balances are presented
below in Figure 7-1.
The management zones, their corresponding grid codes and areas in square kilometres are presented
below in Table 25. To convert the reported storage depth values in millimetres the relevant subcatchment zone area value minus the boundary cells should be used.
The Southwestern zone of the model domain covers approximately 50% of the 8512 km2 covered by
the South Western or Southern Ranges zone declared in the WAP. Similarly, the northeastern zone of
the model domain covers about 60-70% of the Davenport Ranges zone. The water balance results
from these management zones could be scaled up to provide indicative values of the water resources
in the portions of the management zones not covered by the model, or alternatively the previous
estimates could be scaled down to provide water balance values in the areas not covered by the
model.
Table 25 Zones used to determine sub-catchment water balances for the WDWCD.

Management zone

Zone Id

Total Area (sq km)

Southwestern zone
(Southern ranges)
Central zone (Western
Davenport Plain)
Northeastern zone
(Davenport range)
Outer boundary
Total

1

4299

Area minus boundary
cells (sq km)
4126

2

8196

7991

3

3651

3464

4

565
16711

15581
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Figure 7-1 Distribution of zones used to determine sub-catchment water balances in the WDWCD.
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7.2. Natural scenario (SC0) water balances
7.2.1. Total catchment water balance
The natural scenario reflects a situation where no groundwater pumping is applied to the model, it is
used as a base case for comparing the impacts of the various development scenarios. The inflows,
outflows and storage changes from the entire model domain for the overland flow, unsaturated zone
and saturated zone components for the natural scenario (SC0) were determined using the total
catchment water balance option from the MIKE SHE water balance tool.
The accumulated total catchment water balance for the simulation period 1970 – 2016 is presented
below in Table 26. The values have been converted from the normalised storage depth values in
millimetres to volumes using the area of active model cells (15581 x 106 m2).
The water balance indicates that rainfall is the major inflow and evapotranspiration is the major outflow
from the model domain. This is consistent with the conceptual model for an arid zone hydrologic
system presented in section 4. It is apparent that the proportion of ET and OL flow is greater than the
applied precipitation and that this deficit is associated with evapotranspiration accessing available
water in the unsaturated and saturated zones, which is reflected in the sub-surface storage change
value.
Due to the nature of the outer boundary conditions there is no inflow to the model domain across the
model boundary for either the overland flow (OL) or saturated zone flow (SZ) components and are
therefore equal to 0.
The total cumulative model error is 3.1 mm, which is equal to 0.02% of the total inflow to the model
domain. The error of 0.02% is much less than the 1% error identified as a target performance criterion
identified previously in Table 23 and is considered an acceptable water balance error.
Table 26 Western Davenport model domain water budget for the natural scenario (SC0) for the
simulation period 01/01/1970 – 01/01/2016.

Component
Precipitation
Evapotranspiration
OL storage change
OL out
Sub-surface storage change
SZ out (throughflow)
SZ drain outflow
Pumping
Error

CloudGMS

Storage
depth [mm]
-17212
17353.5
0.4
352.3
-580.5
2.9
86.5
0
3.1

Vol.
[GL]
-261200
270380
6.2
5488
-9045
45.2
1348
0
-48.5

Ave Annual Vol.
[GL/yr]
-5960
6009
0.1
122
-201
1
30
0
1.1

Proportion
[%]
96.7
97.5
0
2.0
3.3
0
0.5
0
0
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OL = overland flow; SZ = saturated zone
+ve values are losses to the system
-ve values are gains to the system

7.2.2. Natural scenario total catchment saturated zone water balance
The total catchment saturated zone water balance is presented below in Table 27. The total recharge
to the groundwater system in the model domain for the period 01/01/1970 to 01/01/2016 is 7396
GL. This is equivalent to ~164 GL/yr, however, the episodic nature of the recharge events means that
actual annual recharge values vary considerably.
Due to the nature of the outer boundary conditions there is no inflow to the model domain across the
model boundary for the OL (qszdrin) or SZ (qszin) components and are therefore equal to 0.
The total cumulative model error is 0.3 mm, which is equal to 0.05% of the total inflow to the model
domain. This is considered an acceptable water balance error. The error of 0.05% is much less than
the 1% error identified as a target performance criterion identified previously in Table 23.
Table 27 Natural scenario (SC0) total catchment water balance.

Component
qrech
qolszpos
qolszneg
qetsz
qszin
qszout
dszsto
qszabsex
qszdrin
qszdrout
error

Storage
depth [mm]
-474.7
277.6
-71.8
170.0
0
2.9
9.3
0
0
86.5
-0.3

Vol.
[GL]
-7396
4325
-1119
2648
0
45.2
144.3
0
0
1348
-4.2

Ave Annual Vol.
[GL/yr]
-164
96
-25
59
0
1.0
3.2
0
0
30
-0.1

Proportion
[%]
86.9
-50.8
13.1
-31.1
0
-0.5
-1.7
0
0
-15.8
0.05

+ve values are losses to the system
-ve values are gains to the system

7.3. Sub-catchment SZ water balances
Sub-catchment saturated zone water balances were calculated for the areas coincident with the
boundaries of the management zones presented above in section 7.1.5. The inflow / outflow and
storage change components for each of the management zones are presented in the following
sections.
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7.3.1. SW zone saturated zone water balance
The SW zone of the model domain (area 4300 km2) and covers the eastern half of the Southern
Ranges management zone. This is because the western portion of this management zone is in a
separate surface water catchment (Hanson River) and a dedicated model should be considered if
detailed development scenarios are to be considered for this area. However, the results from this
management zone could be scaled up to provide indicative values for the portion of the management
zone not covered by the model, or alternatively the previous estimates could be scaled down to
provide water balance values.
The saturated water balance for the SW zone of the model domain is presented below in Table 28.
Table 28 SW zone SZ water budget components for the period 01/01/1970 – 01/01/2016.

Component
qrech
qolszpos
qolszneg
qetsz
qszin
qszout
dszsto
qszabsex
qszdrin
qszdrout
Error
Error %

Vol.
[GL]
-2509
2322
-1023
441
-97
78
261
0
-11
536
-2
0.05

Ave Annual Vol.
[GL/yr]
-55
50
-22
10
-2
2
6
0
0
12
-0.04
0.05

Ave Annual Vol.
[ML/yr]
-54542
50480
-22237
9588
-2112
1704
5673
0
-250
11660
-36
0.05

+ve values are losses to the system
-ve values are gains to the system

7.3.2. Central zone SZ water balance
The central zone sub-catchment (area 8200 km2) effectively covers the Central Zone management
zone with only the northwestern portion not covered by the model. The saturated water balance for
the central zone of the model domain is presented below in Table 29.
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Table 29 Central zone sub-catchment SZ water balance components for the period 01/01/1970 –
01/01/2016.

Component
qrech
qolszpos
qolszneg
qetsz
qszin
qszout
dszsto
qszabsex
qszdrin
qszdrout
Error
Error %

Vol.
[GL]
-4377
1836
-115
2173
-146
110
-198
0
-193
908
-2
0.05

Ave Annual Vol.
[GL/yr]
-95
40
-3
47
-3
2
-4
0
-4
20
-0.1
0.05

Ave Annual Vol.
[ML/yr]
-95144
39915
-2509
47242
-3176
2383
-4297
0
-4202
19737
-51
0.05

+ve values are losses to the system
-ve values are gains to the system

7.3.3. NE zone SZ water balance
The NE zone of the model domain (area 3600 km2) covers the southwestern two thirds of the
Davenport Ranges management zone. This is because the northern portion of this management zone
is in a separate surface water catchment (Bonnie Creek). However, the results from this management
zone could be scaled up to provide indicative values for the portion of the management zone not
covered by the model, or alternatively the previous estimates could be scaled down to provide water
balance values. The saturated water balance for the NE zone is presented below in Table 30.

CloudGMS

109

Western Davenport WCD Groundwater Model
Water Balance
Table 30 NE zone SZ water budget components for the period 01/01/1970 – 01/01/2016.

Component

Vol.
[GL]
-754
385
-74
122
-2
84
85
0
0
154
0
0.04

qrech
qolszpos
qolszneg
qetsz
qszin
qszout
dszsto
qszabsex
qszdrin
qszdrout
Error
Error %

Ave Annual Vol.
[GL/yr]
-16
8
-2
3
0
2
2
0
0
3
0
0.04

Ave Annual Vol.
[ML/yr]
-16401
8361
-1601
2648
-42
1821
1850
0
0
3357
-7
0.04

+ve values are losses to the system
-ve values are gains to the system

7.4. Sub-catchment storage estimates
7.4.1. Total saturated zone storage
The volume of groundwater stored in the saturated zone for each of the sub-catchments has been
determined for the natural scenario (SC0) and are presented below in Table 31. The estimates are for
layers 1-4 only as layer 5 represents the Proterozoic basement rocks. This was achieved by extracting
an incremental storage balance for each zone using the Saturated Zone Storage – layers water
balance option and then subtracting the storage balance for layer 5 for each zone.
Table 31 Total groundwater storage in aquifers within the southwestern, central and northeastern
sub-catchment zones.

Management Zone
Southern western
Central
North eastern
Total

Area.
[sq km]
4126
7991
3464

Storage Depth
[mm]
426
17700
426

Storage Vol.
[GL]
1758
141500
1475

7.4.2. Economic storage volume
The previous section presented storage depletion for the entire saturated volume for the aquifer
system of the central zone. The depth of economic extraction, however, is likely to be much less than
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the full thickness of the aquifers defined in the model as bore construction costs increase and
pumping efficiency decrease with deeper groundwater levels. Jolly et al (2005) suggested that the
economic depth of extraction for the Roe Creek borefield was 300 metres below ground level based
on information provided by Power and Water Corporation. It is likely that this depth is an over
estimate for the Western Davenport region and a value of 100 – 150 metres below ground level is
probably more realistic. Based on this assumption and a storage value of 0.04 the following range of
storage estimates have been determined for the central zone.
Table 32 Groundwater storage in the aquifers to a depth of 100 and 150 mBGL within the central subcatchment zone.

Management Zone
100 mBGL
150 mBGL

CloudGMS

Area.
[sq km]
7991
7991

Storage Depth
[mm]
2800
4500

Storage Vol.
[GL]
22375
36000

111

Western Davenport WCD Groundwater Model
Sensitivity Analysis

8 Sensitivity analysis
8.1. Transient sensitivity analysis
Sensitivity is the variation in the value of one of more output variables (such as hydraulic heads) due to
changes in the value of one or more inputs to a groundwater flow model (such as hydraulic properties
or boundary conditions). Sensitivity analysis is a procedure for quantifying the response of a model’s
output to an incremental variation in the model input parameters, stresses, and boundary conditions
where applicable.
This section discusses sensitivity in the historic groundwater modelling, through a systematic variation
of model input values to:
•

Identify those model input elements that cause the most significant variations in model
output; and to

•

Quantitatively evaluate the impact of parameter variability (sometimes referred to as
parameter uncertainty) in model input on the degree of calibration and on the model's
predictive capability.

The sensitivity of the objective function to the adjustable parameters is calculated by PEST as a
Jacobian matrix (Doherty, PEST Model-Indepedent Parameter Estimation User Manual Part I: PEST
Software, 2016). To obtain sensitivity information, the Jacobian matrix was calculated after the
completion of the parameter estimation process using PEST with each parameter adjusted by 1% of
the final estimated value. The results of this analysis are presented graphically below in Figure 8-1. It
should be noted that the sensitivities are normalised to the number of observations in each
observation group.
The relative composite sensitivity of a parameter is obtained by multiplying its composite sensitivity by
the magnitude of the value of the parameter. It is thus a measure of the composite changes in model
outputs that are incurred by a fractional change in the value of the parameter.
The parameters adjusted during the sensitivity analysis are listed below in Table 33.
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Table 33 Parameters included in the sensitivity analysis.

Process module

Parameter

Relative change

OL
UZ

Manning n
Storage detention
Root depth

0.01
0.01
0.10
0.05
0.024
0.01

SZ

pFfc (specific yield)
pFw (soil moisture store)
Saturated hydraulic
conductivity (infiltration)
Hydraulic conductivity
Specific storage

0.01

a)

b)

Global
Global
All vegetation
zones
All soils
All soils
All soils

0.01

All hydrostrat.
units
All hydrostrat.
units

c)

Figure 8-1 Relative sensitivity of objective function to parameter changes to a) parameters related to
soil properties, b) parameters relating to saturated aquifer properties and c) parameters relating to
vegetation water use.

Ksat parameters appear to show similar levels of sensitivity. It was found that adjusting ksat in one
area even though not directly recharge. The model is sensitive to certain unsaturated zone parameter
types such as the pFfc (pressure at field capacity) for soil type 1, which in conjunction with thetas
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(qsat - saturated water content), determine the specific yield of the saturated zone. Many of the
observation bores are located within this zone and changes to the specific yield impact the increase in
water levels relating to recharge events and the recession following recharge events.
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9 Predictive scenarios
This section investigates the sustainability of the aquifers of the Western Davenport WCD using the
historic climate and various development scenarios. Historic climate inputs were obtained from SILO
Data Drill (refer to section 3.1) for a 45 year period from 1970 to 2015.
The impact of each of the scenarios is presented as:
•

Groundwater level impacts presented as drawdown contours at the end of the 45 year
simulation;

•

Water balance changes for the Central Management Zone; and

•

Storage depletion in millimetres for the Central Management Zone (3886 km2);

The storage is presented for the upper 4 layers of the model, as layer 5 represents the basement
rocks and is not considered an aquifer.
9.1. Pumping scenarios
Five scenarios have been considered in the predictive analysis:
•

SC0 (Natural)

•

SC1 (Stock and Domestic - S&D)

•

SC2 (S&D and current usage)

•

SC3 (S&D and current full entitlement)

•

SC4 (S&D, current full entitlement and new applications)

Scenarios SC1 through SC3 pumping is applied using the current bore locations and adjusting
pumping rates to reflect the different scenarios.
Scenario SC4 considered the current bore locations and an additional 192 bores located in areas
identified as being prospective for development. The bores were distributed at 1km spacings with
total annual pumping volumes of 67.2 GL, which is equivalent to bores being pumped at a rate of
approximately 350ML/yr (11 L/s).
SC4 is an order of magnitude greater than the historic pumping and current entitlements.
The locations of the pumping bores considered in SC1 – SC3 are presented below in and pumping
bores considered in SC4 are presented in .
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9.2. Groundwater level impacts
The final groundwater levels at the end of the scenarios SC3 and SC4 were extracted from the
relevant _3DSZ.DFS3 results file and are presented below in Figure 9-2 a) and b) respectively. The
resulting drawdown for SC3 and SC4 were also determined by subtracting the groundwater levels for
the final timestep of each scenario from the final timestep of the natural scenario.
The final groundwater level contours for SC3 are similar to the natural scenario and the historic
pumping results (Figure 6-3 cf Figure 9-2a). The limited impact of SC3 is also evidenced by the
relatively limited extent (indicated by the 1m contour) and magnitude of the final drawdown contours
(<10m) presented above in Figure 9-3a. The final groundwater drawdown contours for SC4 (Figure
9-3b) shows much greater impact extending over much of the central zone (indicated by the 1m
contour) and magnitude of greater than 70m at the major pumping centres.
A cross-section of the model showing the layers (black lines) and the final groundwater level (blue line)
for scenarios SC4 is presented below in Figure 9-1. The location of the section is depicted above in
Figure 9-3b.

Figure 9-1 Cross-section centred on the pumping used in scenario SC4. The black lines are the
surfaces of each layer and the blue line is the phreatic surface.
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a)

b)

Figure 9-2 Groundwater levels at the end of the 45 year simulation for a) scenario SC3 and b) scenario SC4.
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a)

b)

Figure 9-3 Extent and magnitude of groundwater drawdown for a) SC3 and b) SC4.
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9.3. Central zone SZ water balance
The impacts of the pumping scenarios considered can be assessed using changes to the saturated
zone (SZ) water balance. The central zone average annual SZ water balance components determined
for each of the scenarios are presented below in . The results are also presented graphically in .
Table 34 Average annual SZ water balance components for the Central Zone for the period 1970 2016.
Component

SC0
Total Vol.
[GL]

qrech
qolszpos
qolszneg
qetsz
qszin
qszout
dszsto
qszabsex
qszdrin
qszdrout
error

-4361
1836
-115
2134
-143
107
-173
0
-193
906
-2

SC3

Ave. Annual Vol.
[GL/yr]

-95
40
-3
46
-3
2
-4
0
-4
20
0

Total Vol.
[GL]

-4267
1739
-114
1994
-145
106
-279
283
-193
874
-2

SC4

Ave. Annual Vol.
[GL/yr]

-93
38
-2
43
-3
2
-6
6
-4
19
0

Total Vol.
[GL]

Ave. Annual Vol.
[GL/yr]

-4223
1531
-88
1535
-195
94
-2898
3827
-192
607
-1

-92
33
-2
33
-4
2
-63
83
-4
13
0

Figure 9-4 SZ water balance components for the central zone for the 3 scenarios considered.

It should be noted that the evapotranspiration from the groundwater represented by the qetsz
component reduces from 46.4 GL/yr for SC0 to 33.4 GL/yr for SC4, which is a decrease of ~30%.
Comparing the storage change (dszsto) for SC4 indicates approximately 60% of the abstraction is
met by storage in the aquifer resulting in drawdown of groundwater levels.
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9.4. Storage depletion
9.4.1. Total aquifer storage depletion
The majority of the pumping occurs in the central zone, therefore, the following discussion is
presented for the central zone. “Full” status of the Central Zone coincides with a storage depth of
between 11700 – 11800 mm and the basement rocks store 2060mm which is ~20% of groundwater
in storage. The total storage within the aquifers of the central zone is 1.58e+08 m3 over an area of
3886e+06 m2, which is approximately 3 times the estimate provided by (NRETAS, 2011).
The variation in storage estimates can be attributed to the variation in the methods for generating the
saturated aquifer geometry. The current analysis is based on a geological model, whereas the
previous estimates used simplified geometries to approximate the volume stored in the aquifers.
Storage changes in the central zone for scenario SC0, SC3 & SC4 are presented below in Figure 9-5.

Figure 9-5 Storage depletion under pumping scenarios SC0, SC3 & SC4.

9.4.2. Storage depletion of economically accessible volume
The previous section presented storage depletion for the entire saturated volume for the aquifer
system of the central zone. The depth of economic extraction, however, is likely to be much less than
the full thickness of the aquifers defined in the model as bore construction costs increase and
pumping efficiency decrease with deeper groundwater levels. Jolly et al (2005) suggested that the
economic depth of extraction for the Roe Creek borefield was 300 metres below ground level based
on information provided by Power and Water Corporation. It is likely that this depth is an over
estimate for the Western Davenport region and a value of 100 – 150 metres below ground level is
probably more realistic. Based on this assumption and a storage value of 0.04 the following storage
estimates have been determined for the central zone.
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9.5. Definition of sustainability with respect to the Western Davenport WCD
The central zone has the majority of groundwater abstraction and the impacts on the saturated zone
(SZ) water balance and groundwater levels are examined further in this section.
9.5.1. Groundwater sustainability
There are four aspects to the long-term sustainability of the groundwater resources of the Western
Davenport WCD these are:
•

the timing and magnitude of recharge events to the aquifer system;

•

the available groundwater in storage in the aquifer;

•

the capacity of the borefield(s) to extract the groundwater in storage from the aquifer system;
and

•

impacts to groundwater dependent vegetation.

The ultimate long-term sustainability of the borefield(s) is dependent on the recharge to the aquifer
system, however, there is considerable storage in the aquifer system that during periods of little or no
recharge can be used as a buffer to the natural climate variations. If it is assumed that the return
interval of recharge events comparable to the 1974-1979 and 2005-2010 is between 15 and 20 years
then the storage depletion over this time interval will determine if a pumping regime is sustainable in
the long-term.
9.5.2. Water allocation planning policy framework
Currently the water allocation planning policy in the arid zone the Northern Territory Government has
followed the principle that:
•

total extraction over a period of at least 100 years will not exceed 80 per cent of the total
aquifer storage at start of extraction; and

•

there will be no deleterious change in groundwater discharges to dependent ecosystems.

In the event that current and/ or projected consumptive use exceeds the threshold levels of 80% of
the consumptive pool for aquifers, or groundwater discharges to groundwater dependent ecosystems
are impacted, new groundwater licences will not be granted unless supported by directly related
scientific research into groundwater dependent ecosystem/cultural requirements.
9.5.3. Groundwater sustainability metrics
With the water allocation policy in mind, the sustainability of the Western Davenport Central Zone will
be examined with respect to the two following metrics:
CloudGMS

121

Western Davenport WCD Groundwater Model
Predictive Scenarios

•

the available groundwater in storage in the aquifer; and

•

impacts on modelled ET fluxes at groundwater dependent vegetation (GDV) sites.

MIKE SHE reports saturated zone storage as a storage depth in millimetres, which is then multiplied
by the budget area to provide a storage volume.

9.6. Impacts to existing users
9.6.1. Surface water diversions
Diversions of drainage in the WDWCD such as Murray Creek, Skinner Creek, Taylor Creek or Wycliffe
Creek may have an impact on the volume of water that can recharge the aquifer by reducing the
number of smaller events recharging the up-gradient areas of the aquifers and possibly impacting on
the extent of the inundation along drainage and floodplains during large rainfall events which may also
result in reduced recharge.
9.6.2. Groundwater access
The magnitude and extent of drawdown forecast by the model for the future groundwater abstraction
scenario (SC4) indicates that there is likely to be impact on adjacent existing users by either reducing
available drawdown, thus reducing bore yields, or reducing groundwater levels below the current
screened interval making the bores unusable. Existing bores adjacent to future large scale
developments should be assessed with regard to impacts on available drawdown.
9.7. Summary
The current modelling study confirms that the sustainability of the aquifer system in the WDWCD. The
system exhibits a large amount of groundwater in storage, which means slow groundwater changes,
allowing for adaptive management of the aquifer and correct decision making, provided that
progressive adjustments are possible.
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10 Conclusions
10.1. Overall outcomes
•

A groundwater model has been developed of the source aquifer for the Western Davenport
WCD incorporating all of the major hydrological processes identified in the conceptual model.

•

Hydraulic conductivities ranging from 0.8 to 2 m/d and averaging 1.1 m/d in the model
domain have been determined from calibration.

•

Specific yield averaging 0.04 in the model domain have been determined through calibration.

•

The calculated values for hydraulic conductivity and specific yield do not represent a unique
modelled solution, but are considered the best estimates from the available data.

•

There is no evidence that the groundwater flow system is constrained by aquitards or
structural feature with the groundwater moving freely across the different formations. The
basin aquifers can be regarded as a relatively contiguous system that responds isotropically to
recharge and pumping stressors

•

Recharge occurs in two main forms:
i.

Regular recharge upgradient of the borefield maintains the observed throughflow, and
occurs principally where surface run off is concentrated in the floodouts of the creeks such
as Taylor Creek.

ii.

Irregular major recharge events occur by direct infiltration when extensive surface flooding
occurs across the study area. The recurrence interval of such events is estimated at 15 –
20 years.

•

Demand will be met primarily from storage.

•

Total groundwater storage in the area modelled is large, and is estimated to be around
145,000 GL at the end of the natural model scenario in 2015. The majority of groundwater is
stored in the central zone and is estimated to be 141500 GL.

•

Assuming a maximum economic depth of groundwater abstraction of 150 metres below
ground level, the accessible volume in storage in the saturated zone is about 36000 GL.

•

The storage is self-draining towards the discharge areas along the eastern margin of the
aquifer system and the Wiso Basin to the north.
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10.2. Aquifer occurrence and geometry
•

There are some limitations related to the definition of the aquifer geometry particularly to the
northwest and southeast.

•

Further work using geophysical methods is warranted to understand the geometry and extent
of the aquifer in these areas.

•

Additional groundwater monitoring boreholes should be installed in the Southern and
southeastern zones which currently have very sparse monitoring and field data

10.3. System sustainability
•

The model is consistent with previous studies and confirms the long-term sustainability of the
aquifers in the WDWCD with respect to the available storage in the aquifer.

•

The long-term operational sustainability of individual bores is related to the drawdown in the
aquifer, the available drawdown and the well losses intrinsic to each bore.
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Appendix A – Groundwater level hydrographs
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Appendix B – Alekerange horticultural farm sub-regional modelling
A sub-regional scale model was developed to provide an estimate of the aquifer parameters from the
long term pumping and observation data in the vicinity of the Alekerange Horticultural Farm. The subregional model was developed to allow for a finer grid (100x100m) than the regional model
The approach of using models specific to the task at hand is consistent with best practice (Barnett, et
al., 2012).
Guiding Principle 7.2: Models should be constructed to address specific objectives, often
well-defined predictions of interest. Uncertainty associated with a model is directly related to
these objectives.
The development of models to address specific objectives also mean that the problem can be
simplified resulting in shorter run times, thus allowing for more comprehensive uncertainty analysis to
be undertaken.
Objective
The objective of the sub-regional model was to examine the range of likely hydraulic parameters that
can reproduce the observed groundwater level response in the vicinity of pumping at the Alekerange
Horticultural Farm with the aim to providing constraints on parameters applicable to similar formations
(ie Chabalowe Fm) within the study area.
The estimated parameters are expected to also provide constraints on the throughflow estimates
calculated previously based on limited hydraulic testing.

Observation data
A single monitoring bore RN018118 has spot measurements from 2006 to mid 2011 digital logger
data from mid 2011 to mid 2015 and spot measurements from mid 2015 to present. The hydrograph
is presented below in .

CloudGMS

134

Western Davenport WCD Groundwater Model
Appendix

Pumping data
Pumping data is available from DLRM for 7 bores within the model domain. The pumping schedule is
presented below:
Aquifer parameters
Transmissivity values used for estimating the throughflow ranged from 1000 to 5000 m2/d, assuming
an aquifer thickness of 200 metres results in a hydraulic conductivity range of between 5 and 25 m/d.
Transmissivity and inferred hydraulic conductivity values are presented in section 3.8, the range used
to determine throughflow is on the upper end of the range determined from the pumping tests.
Model selection, grid, layers and boundaries
The numerical groundwater flow modelling package MIKESHE (DHI, 2016) was used for this work’
The extent, boundary conditions and features of the regional model are shown in Figure 2.2. A
uniform grid size of 50 metres was used. The model covers an area of approximately 29km by up to
29km with the southeast and northwest boundaries oriented roughly perpendicular to the regional
groundwater flow.
The boundary conditions were set as no-flow
The model comprises two layers. Layer 1 represents the Cenozoic sediments and the lower level was
set at 42 mBGL, consistent with the bore lithological logs in the area. Layer 2 represents the
Chabalowe Fm. The top of the model was set at a constant 377 mAHD.
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Figure 12-1 Sub-regional model domain compared to regional model domain.

Parameter estimation process
Parameters were estimated using PEST (Doherty, PEST Model-Indepedent Parameter Estimation
User Manual Part I: PEST Software, 2016). Parameters considered in the parameter estimation
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process are presented below in Table 35. Although the specific yield of Layer 2 (Sy2) was considered
in the setup of the PEST problem, the is not relevant as the aquifer does not become unconfined and
is therefore ties to the specific yield of Layer 1 (Sy1). Similarly, the specific storage of Layer 1 is not
relevant and has been tied to the specific storage of Layer 2.
Table 35 Parameter bounds used during PEST optimisation.

Parameter
Kxy1
Kz1
Sy1
Ss1
Kxy2
Kz2
Sy2
Ss2

Range

Unit

6e-06 – 1e+00

m/s

Adjustable

1e-10 – 1e+00

m/s

Adjustable

1e-10 – 3e-01

-

Adjustable

1e-10 – 0.3

-

Tied to Ss2

1e-10 – 1e+00

m/s

Adjustable

1e-10 – 1e+00

m/s

Tied to Kxy2

1e-10 – 0.3

-

Tied to Sy1

1e-10 – 0.3

-

Adjustable

Results
The groundwater level response with the lowest objective function during the parameter estimation
process is presented below in Figure 12-2.

Figure 12-2 Results from 100 runs using null space projected random parameter sets.

The parameters values that produce the lowest objective function are presented below in Table 36.
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Table 36 Final optimised parameters.

Parameter
Kxy1
Kz1
Sy1
Kxy2
Kz2
Ss2

Optimised value

Unit

2e-05

m/s

Adjustable

1e-08

m/s

Adjustable

1e-01

-

Adjustable

1.2e-05

m/s

Adjustable

1.2e-06

m/s

Tied to Kxy2

1e-10 – 0.3

-

Adjustable

The optimal hydraulic conductivity for Layer 2 is somewhat lower than that used previously for
estimates of throughflow.
Parameter sensitivity / uncertainty
Parameter uncertainty was investigated using the null space Monte Carlo method (Doherty, Hunt, &
Tonkin, Approaches to Highly Parameterized Inversion: A Guide to Using PEST for Model-Parameter
and Predictive-Uncertainty Analysis, 2010).
PNULPAR was used to project the random parameters to the null space with the following settings:
Table 37 PNULPAR inputs.

Input

Response

PEST control file

wdp_pt_calib.pst

Does PEST control file contain calibrated values?

y

Enter number of dimensions of calibration solution space:

2

Would you like to store matrix in matrix format?

n

Enter filename base of existing parameter value files:

wdp_uncer

Enter filename base of new parameter value files:

wdp_npuncer

It should be noted that the higher the dimensionality of the calibration solution space provided to
PNULPAR, the less work will be required to enforce the calibration constraints. This is because the
higher that PNULPAR believes the dimensions of the calibration solution space to be, the greater is
the contribution made by the parameter field calculated during the previous calibration process to
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each PNULPAR-generated parameter field. The user-supplied solution space dimensionality therefore
provides a “lever” through which you can increase the efficiency of attainment of parameter fields
which respect calibration constraints (as embodied in respect for an objective function that is deemed
to “calibrate” the model). The cost of such a speed-up strategy is, of course, some reduction in the
diversity of the calibration-adjusted random parameter sets thus obtained. The choice of solution
space dimensionality was trialled and an optimal value of 2 was determined, a lesser value resulted in
a considerable number of runs not being calibrated and a greater value resulted in a reduced range of
parameters values in each of the parameter sets.
The sensitivity of the objective function to each of the adjustable parameters is presented below in
Figure 12-3 a) – d).

a)

b)

c)

d)

CloudGMS

139

Western Davenport WCD Groundwater Model
Appendix
Figure 12-3 Variation in phi compared to adjusted parameters a) hydraulic conductivity Layer 1, b)
specific yield Layer 1; c) hydraulic conductivity Layer 2 and d) specific storage Layer 2.

Figure 12-3 indicates the range of values that the parameters can span before appreciable deviation
from the observed response occurs (ie increasing phi). The specific yield for layer 1 appears to be the
least sensitive, with the range of values from 0.1 to 0.2, all showing similar minimum values of phi. The
increase in phi below values of 0.1 suggest that this is the lower bound, which is consistent with
previous estimates. The general increase in the minimum value of phi as the hydraulic conductivity of
Layer 2 increase suggests that it is unlikely that a higher value of hydraulic conductivity can be
justified.
Based on these analysis, the optimum range of the Layer 2 hydraulic conductivity appears to be
centred on 1.2e-05 and ranging between 7.0e-06 – 1.5e-05 m/s (0.6 – 1.35 m/d). Assuming an
aquifer thickness of 200 metres results in a transmissivity of 120 – 270 m2/d, which is consistent with
the transmissivity calculated from short term pumping tests in the area, despite the issue of partial
penetration.
To verify this result, an additional PEST run was completed with the hydraulic conductivity of Layer 2
fixed at 1e-04 and the other parameters free. The best fit resulted in a phi of 461, unreasonable
parameters for specific yield and considerable under representation of the water level response.

Figure 12-4 Ensemble of responses from null space Monte Carlo analysis.
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