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Executive summary
This report has been prepared by Hydro Geo Environmental Consulting (HGEC) for the
North Central Catchment Management Authority (CMA).
The objective of this report is to determine if environmental water management actions
cause any impact on groundwater monitoring water level and salinity in the vicinity of
Gunbower Forest.
Analysis of groundwater monitoring data shows the dominant process which influences
the long-term watertable level and salinity conditions is associated with pressure
changes in the regional aquifer, known as the Renmark/Calivil Aquifer. The regional
decline of the deeper Calivil/Renmark Group aquifers continues to lower the watertable
level beneath Gunbower Forest and the greater area.
In the shorter-term, rainfall amount is the primary driver of seasonal watertable
fluctuations. The data does not indicate that flooding (natural or managed) influences
watertable conditions in the vicinity of Gunbower Forest. Once saturated, such as during
a flood, Vertosol shrink-swell soils at Gunbower prohibit groundwater recharge to the
watertable. In the following months, these soils provide a source of low salinity water
for vegetation.
It is well established that the accumulation of salt in Murray River floodplains is the
result of historic changes in river management which began in the 1920’s. Here, the rate
of salinisation is dependent on water table depth, groundwater salinity, and present-day
flood frequency and duration. (Jolly et al, 2013)
Further investigation into how flood frequency and duration influence the washing of
salt from the floodplain could be undertaken by installing surface water gauges that
record forest salt load export.
The following key actions are recommended;
 Salinity measurement of monitoring bores in Gunbower Forest using standard
procedures for at least for the next two years,
 Groundwater level data loggers could be installed in locations which cannot be
measured in times of forest watering/flood,
 Installation of surface water salt load loggers at all Gunbower Forest outflow
locations.
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1

Introduction

Gunbower Forest is a large River Red Gum forest covering 19,450 ha, the Murray River is located
to the north, and Torrumbarry Irrigation Area to the south (Figure 1). It has a floodplain
ecosystem that relies on flooding to maintain its flora and fauna communities in a healthy
condition.
Gunbower Forest (as part of the Gunbower, Koondrook-Perricoota floodplain system) is a Living
Murray ‘Icon Site’. The icon sites are key ecological assets along the Murray River and are high
priority sites for conservation and rehabilitation (NCCMA 2014) and also recognised for their
cultural, economic and social values. These sites are supported through the Living Murray
Program with funding and environmental water allocation.
The Murray-Darling basin has a long history of river regulation with the objective to provide
communities with reliable year-round water supplies. This has been done by the installation of
reservoirs, weirs/locks and diversion channels since the 1920’s. The weirs have raised
groundwater levels beneath adjacent floodplains, and the diversion channels and reservoirs have
reduced the frequency of medium to large floods by a factor of three (Ohlmeyer, 1991).
Eldridge (1991) and Jolly et al. (1992) consider that forest dieback along the Murray River
floodplain is due to water stress caused by a combination of osmotic effects and a reduction of
water supply. The osmotic effects are caused by the high soil salt storages and reduced water
supply as a result of the lower frequency of flooding. Jolly et al. (1992) considered that the high
salt content in the unsaturated zone is due to: (1) increased discharge of saline groundwater,
caused by the elevated water table; (2) reduced leaching of salts from the soils, caused by the
less frequent flooding.
Jolly et al (1993) concluded that salt accumulation (and hence vegetation health) is governed by a
'balance' between flood frequency and groundwater depth where increased flooding frequency
reduces the unsaturated and saturated salinity, where groundwater salinities less than 40,000 EC
generally did not cause vegetation die back (Jolly, et al. 1992). As such, it is important to monitor
and understand the groundwater level and salinity processes which occur under these forests,
such as Gunbower Forest, to ensure their long-term health.
As part of the Living Murray Program, North Central CMA manages the delivery of environmental
water to Gunbower Forest. The purpose of collecting data from groundwater bores is to monitor
and manage any impacts of watering on groundwater levels and salinity. The risk that
environmental water deliveries will cause salinity impacts on the regional groundwater, and
Murray River downstream is considered negligible (SKM, 2009b). None the less, groundwater and
salinity monitoring continues to be undertaken to provide information for the Schedule B of the
Basin Salinity Management Strategy (BSMS) Salinity Register.
Monitoring of the groundwater bore network in Gunbower Forest has been undertaken by the
Department of Jobs, Precincts and Regions (DFPR) on behalf of North Central CMA. Groundwater
levels were collected on a bi-monthly basis at 45 bores. Salinity data was collected on an annual
basis at 15 additional bores. Monitoring for salinity has been conducted at both annual and biannual intervals.
This report has been prepared by Hydro Geo Environmental Consulting (HGEC) for the North
Central Catchment Management Authority (North Central CMA). The North Central CMA
manages infrastructure to deliver environmental water to Gunbower Forest floodplain and
wetlands, which aims to meet the Living Murray ecological objectives and has a vision:


“To maintain and improve Gunbower Island by enabling native plants and animals to
flourish, restoring the floodplain’s health for future generations.”
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Figure 1 Location of Gunbower Forest area within the North Central CMA
The primary objective of the project is to review groundwater bore water level and salinity data,
as well as rainfall and river data, to determine temporal trends in groundwater levels and salt
content.
This review interrogated all time-series groundwater level and salinity data nearby to the
Gunbower Forest. This includes data collected since 2016, and the large amount of monitoring data
collected many years prior. In addition, all nearby rainfall, evapotranspiration, weir and river gauge
data was also inspected as part of the review.
There are five key questions which are intended to be answered as part of this exercise, they are;
1.

What influence does the forest have on the water balance of the forested floodplain? That
is, to what extent is the watertable beneath the forest regulated by either recharge control
or through phreatophytic (deep rooted vegetation) water use?

2.

To what extent is the watertable beneath the forest sustained by recharge that is the
result of seepage losses from the Murray River?

3.

To what extent do groundwater pressures within the deeper aquifers influence watertable
elevation?

4.

To what extent does environmental watering of the forest influence watertable elevation?

5.

What does our understanding of the water balance gleaned from assessment of the data
tell us about salinity risk?
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2

Background information

Relevant environmental information in the vicinity of Gunbower Forest has been collated. The
information provides a context of the long-term trends and seasonal variability and thereby an
indication of current environmental condition within a longer-term context.

2.1 Climate
Monthly average Kerang Bureau of Meteorology (BOM) climate station data is presented in
Figure 2. Kerang is located 25 km west of the study area and climatic signatures are comparable
to Gunbower Island. The Kerang information shows the rainfall pattern is winter dominated and,
on average, monthly rainfall is greater than solar radiation exposure between April and October.
Mean annual rainfall is 374.3 mm/yr.
No pan evaporation information is available at Kerang, instead the surrogate of solar radiation
exposure has been considered. Monthly mean daily global solar radiation exposure is the average
of all available daily exposure for the month. The daily global solar radiation exposure is the total
solar energy for a day falling on a horizontal surface. The Bureau of Meteorology currently runs a
computer model which produces estimates of the total amount of solar radiation that reaches
the earth's surface (at 6km grids) per day, an energy budget calculation is then made using hourly
visible radiation information from the Geostationary Meteorological Satellite, MTSAT-2 (BOM,
2014).
Evaporation rate is determined by the amount of energy available to vaporize water. Solar
radiation is the largest energy source and can change large quantities of liquid water into water
vapour (Allen, et, al., 1998), and therefore considered as a surrogate for actual evaporation. At a
daily measurement interval, rainfall rarely exceeds solar exposure unless a short-term high
intensity rainfall event occurs (HGEC 2014).
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Figure 2 Mean monthly climate information for Kerang BOM climate station
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Figure 3 Rainfall trend at Kerang from 1990
Rainfall amount was analysed using the cumulative residual trend from 1950 to 2020. Cumulative
residual is calculated by:




determining the average rainfall value of the time series data
subtracting the actual rainfall from the average to determine the difference
adding the difference at each time step.

The overall rainfall trend between 2010 and 2020 is downward (Figure 3). Annual rainfall
between 1996-2001 was below average, and then fell well below average rainfall between 20032009 which was then followed by higher than average rainfall between 2009-2010. From 2014 to
2020, again rainfall has been significantly less than average. It is worth noting the below average
rainfall experienced caused by the ‘Millennium drought’ at this climate station appears to be
lesser felt than in other areas of south eastern Australia. The rainfall trend variability is expected
to be seen in groundwater conditions in later analysis if rainfall is the primary driver of long-term
groundwater level.
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2.2 Land use
Land use in the region varies from broad areas of irrigated pastures to broad tracts of tree cover
(National Park and State Forest) (Figure 4). In general, the irrigated agriculture abuts Gunbower
Forest on the Victorian side, while the Murray River defines the north-east boundary of the
forest. Much of the land in New South Wales which joins Gunbower Forest is State Forest called
the Koondrook and Perricoota Forests, and which forms the Gunbower-Koondrook-Perricoota
Living Murray Icon Site.
Understanding the land use, and any land use trends, provides an environmental context to a
region. For example, being aware Gunbower is located adjacent to an irrigation district suggests
that irrigation and drainage may locally elevate the watertable higher than it would be expected
than if dryland agriculture was the primary land use.

Figure 4 Broad land use types in the vicinity of the forest areas
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2.3 Elevation
The topography in the vicinity of the study areas is low relief (flat). Elevation ranges between
76.9 mAHD and 86 mAHD (Figure 5). The land slopes toward the Murray River, and the regional
gradient is consistent with the fall of the river where the gradient falls to the north-west. Subtle
topographic variations generally represent the extent of flood levels and/or the extent of
geological units.
Gunbower Forest is located upon a natural floodplain of the Murray River as demonstrated by
the generally flat topography in the area which contains relict anabranches of Gunbower Creek.

Figure 5 Topography of Gunbower Forest (1 m contour elevation interval)

2.4

Groundwater monitoring

Groundwater monitoring refers to the measurement of groundwater levels by the measurement
of the depth to water level in groundwater bores.
Gunbower groundwater monitoring data is collected using a measuring tape where the data is
then uploaded direct to the North Central CMA mapping system. North Central CMA staff then
forward the data to DELWP who upload the readings to the Water Measurement Information
System. Collection of groundwater data can be impacted when the forest is inundated and bores
are inaccessible. There are also gaps in data due to some bores going dry in recent years.
Analysis of the data is undertaken as required but is generally conducted on a five-year cycle. The
analysis can be dependent on priorities, available funding and resourcing in some years.
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Figure 6 Map of bore locations in Gunbower Forest that are currently monitored through the
TLM program. Note: Some sites contain multiple nested bores.
Determining which groundwater monitoring bores are monitored for groundwater level and
salinity is managed by North Central CMA. Since the last review undertaken in 2013 (SKM 2013),
groundwater levels have generally been monitored monthly within Gunbower and the adjacent
area.
Groundwater salinity monitoring funded through TLM has been a continuation of monitoring
bores that were established prior to the Gunbower Forest restoration works and has been
focused on 15 bores located in an area outside Gunbower Forest in the vicinity of Gunbower
Creek. This data has generally been monitored for salinity on a 6-month cycle. Groundwater in
this area is generally closer to the surface when compared to bores located within the forest, and
despite the reported low salinity risk, the North Central CMA decided it was appropriate to
continue monitoring those bores. The salinity dataset also contains data from additional bores
within the forest which has been funded and collected by projects or resources other than TLM
up to 2016. North Central CMA has not monitored these additional other bores due to the low
risk, and the need to prioritise the available funding to high priority monitoring projects.
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3

Surface water

There are several surface water features which are monitored near Gunbower Forest (Figure 7).
Many of these monitoring features aid in distributing water throughout the region and can also
be used to help understand how surface water and groundwater may interact.
There are numerous surface water features in the area, but few are well defined. Permanent
water features bound the forest on most sides. The main feature is the Murray River to the east,
which is regulated to meet water states obligations, town water supplies, industry demands and
environmental requirements. Other waterways (such as Gunbower Creek) are regulated (and
engineered) to supply irrigation water to a variety of irrigation channels in the district, and
subsequently to properties in the area. Included as part of this is the scheduled flooding of
Gunbower Forest by the North Central CMA for environmental watering purposes.
Surface water gauges are used to manage and monitor regulated and unregulated flows in the
Murray River, Gunbower Creek and at several Gunbower Forest wetlands. Apart from the gauge
at Torrumbarry Weir, no other surface water gauges in the area continuously monitors salinity.
The North Central CMA undertakes spot monitoring of surface water salinity during natural and
managed flooding events.

Figure 7 Location of on-going surface water and groundwater monitoring sites
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The complex water regulation management is described in Figure 8, where water can be
delivered to the forest via regulating structures along Gunbower Creek. Regulators allow water to
be diverted for forest floodplain watering events and targeted watering of specific wetland
complexes.

Figure 8 Simplified water regulation and distribution management of Gunbower Forest
(provided by North Central CMA)
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3.1 Murray River
The Murray River flanks the eastern bounds of Gunbower Forest. Downstream of Torrumbarry
weir, stream gauge 409207 records the flow volume, salinity and surface water level of the
Murray River.
Gunbower Forest floor elevation and the Murray River water level are generally within 5 m of
each other. Figure 9 presents mean monthly time-series water level and salinity of the Murray
River at Torrumbarry (stream gauge 409207). The graph shows there is some correlation
between water level and salinity, where the lowest water salinity generally coincides with a low
river level which is attributed with up-catchment reservoir water releases which are low salinity.
This low salinity water is generally released in times when there is high water demand.

Figure 9 Murray River stream gauge 409207, located below Torrumbarry Weir, showing water
level and salinity values
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3.2 Gunbower Creek
There are three main gauges which monitor surface water level along Gunbower Creek, plus the
National Channel located upstream of the Torrumbarry weir, they are;


409701 National Channel @ D/S Torrumbarry Headworks



407372 Gunbower Creek @ Cohuna Golf Course



407384 Gunbower Creek @ Reedy Lagoon



407209 Gunbower Creek @ Koondrook

Surface water level information collected since 2000 is presented in Figure 10. Data suggest there
is no specific correlation between any of the gauges.

Figure 10 Gauged surface water levels along Gunbower Creek
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3.3 Gunbower Forest
There are several surface water regulators which can divert in and out of the Gunbower Forest.
The main regulator which allows water to enter the forest is located at Hipwell Road, whereas
Three Corner Hole is the primary outflow location (Figure 11). Other regulators scattered along
the Murray River and Gunbower channel enable the local transfer of water to and from the
forest, depending on the requirement.
The extent of 2016 and 2018 Gunbower Forest flooding events are presented in Figure 11, they
show that neither flood event covered more than about 2/3 of the forest area. These flooding
events resulted in water persisting in the forest and/or wetlands for several months.
There are numerous groundwater monitoring bores which occur within the flood footprint within
the forest, these are analysed in later sections to determine if flooding changes the watertable
level.

Three Corner
Hole

Wattles
regulator
Barham cut
regulator

Little Gunbower
regulator

Shillinglaws
regulator

Reedy Lagoon
regulator
Yarran Creek
regulator

Hipwell Road
regulator

Figure 11 Extent of 2016 and 2018 Gunbower Forest flood events
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Figure 12 presents all stream gauges which monitor surface water level flows into Gunbower
Creek. The graphs show a gradual decline in elevation and fluctuation in water level down
gradient for the two main water distribution channels (i.e. Gunbower Creek from 79 to 77 metres
AHD and Murray River from 82 to 79.5 metres AHD). The key points are;


There is an approximate 6 metre elevation fall between the Hipwell Road Channel
offtake and Three Corner Hole outfall.



Much of the gauging infrastructure has been installed post 2010. During times of flood
there are some gaps in the data which occur as a result of equipment failure and/or
debris blockages. These issues are unavoidable.



There is no surface water salinity information at the outfall location which prohibits any
assessment of salt wash-off processes. It is not possible to estimate the salt load washoff downstream.

Figure 12 Relevant surface water gauges with Gunbower Forest
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4

Geology and soils

The geology and soils determine much of the environmental characteristics of the region, thereby
it is important to consider these attributes when interpreting monitoring information. The
vertosol soil characteristics of the Coonambidgal Formation enables water to flood for long
periods of time with minimal vertical water loss.

4.1

Geology

The geological setting of Gunbower Forest reflects the complex geomorphological evolution of
the Murray Valley. Figure 13 presents the location of Gunbower Forest relative to the mapped
surface geology. Gunbower Forest is located upon a geology unit known as the Coonambidgal
Formation (Lawrence 1966) and refers to lower level alluvial plains formed during fluvial
backfilling following the most recent glacial maximum. Accordingly, the sediments represent
alluvial geology less than 14,000 years old where major river systems occurred (paleo flood
plain). The topsoils of the Coonambidgal can vary from silty loams to light clay and then heavy
clays with depth (known as Vertosols), but it is the landscape setting which best describes the
extent of the unit. That is, there is a slight drop into the Coonambidgal Formation from the
Shepparton Formation which represents the older paleo floodplain.
Beyond Gunbower Forest, and adjacent (and underlying) to the Coonambidgal Formation, is the
Shepparton Formation. The Shepparton Formation (Brown & Stephenson 1991) is an extensive
Quaternary alluvial sequence of the Murray Basin that forms the uppermost stratigraphic unit
responsible for most of the Riverine Plains. It comprises interbedded clays, sands and silts
deposited as alluvium by the contemporary rivers. The Shepparton Formation unit has been
extensively studied and mapped resulting in a variety of sub-units. The presence of the
Shepparton Formation correlates with irrigation agriculture in much of Northern Victoria, near
the Gunbower Forest. The Shepparton Formation soil is generally better suited for agriculture
with the sandy clay loam textures compared to the Coonambidgal Formation which has a higher
clay context (Vertosols).

4.2

Soils

Grey Vertosol soils predominate on large floodplains associated with the Coonambidgal
Formation of the Murray and Loddon Rivers (VRO 2020). In most instances vertosols sit above the
watertable such as which occurs at Gunbower Forest, thereby the below refers to the
unsaturated soils located above the watertable.
Hocking & Kelly (2016) show that the deep drainage rates of a Vertosol soil does not correlate
with groundwater recharge. That is, due to the nature of the shrink-swell clays in a vertosol it acts
as a sponge storing large volumes of water in the clay matrix and restricting groundwater
recharge, thereby vertosols hold water for trees during dry periods. The large volumes of water
stored within the Vertosol soils can then be utilised by trees over many months, such as at
Gunbower. Greve et al. (2011) reported deep drainage pathways differ when the Vertosol profile
is dry as there is more cracking, resulting in drainage via soil cracks being the dominant pathway.
When the soil profile is wet, however, water drains via matrix flow and vertical drainage is almost
impermeable (Silburn et al. 2013). This process of the clay expanding and providing an almost
impermeable seal is what enables water to sit in flooded areas for many months rather than
infiltrating into the watertable.
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Figure 13 Surface geology in the vicinity of the Gunbower Forest

Job

Document

Status

Version

Date

Page

NORTH CENTRAL CMA
Gunbower Forest
monitoring review 2020

Gunbower_HGEC2020.doc

FINAL

1.5

16
November
2020

Page 21 of
135

5

Groundwater

There are four major geological formations which are relevant to groundwater in Gunbower
Forest area, and one of lesser significance (basement). Overall, Gunbower Forest and the Murray
Valley is in a regional groundwater discharge site. That is, there is a net upward groundwater
pressure in the area caused by recharge further up catchment. This results in groundwater
discharge in the lower parts of the catchment.

5.1 Coonambidgal Formation
The Coonambidgal Formation is the uppermost unconfined aquifer in Gunbower Forest when the
watertable is shallow (i.e. less than 10 metres). In Gunbower Forest, the Coonambidgal comprises
of two ribbons of sediment each about three kilometres wide - one straddling the Murray and the
other Gunbower Creek (SKM 2013). The relatively high permeability and the higher storage
capacity compared with the underlying Shepparton Formation enables it to support a seasonally
perched watertable. The Victorian Aquifer Framework (VAF) mapped the Coonambidgal Formation
to have an average thickness of 8 metres in this area (spatially varying) (SKM 2009 & Hocking et al
2013). Figure 14 presents an example of a nested piezometer depth site bore in Gunbower Forest
where seasonal events elevate the watertable of the Coonambidgal Formation higher than those
within the Shepparton Formation. Groundwater within the Coonambidgal Formation has either
occurred via groundwater recharge (i.e. irrigation/rainfall) or discharge from the underlying
Shepparton Formation. Coonambidgal Formation is a significant aquifer in the area, defining the
watertable beneath Gunbower Forest. Most nested site bores being within the Coonambidgal and
Shepparton Formation geological units respectively.

.
Figure 14 Example of interaction between Coonambidgal and Shepparton Formation
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5.2 Shepparton Formation
1.

The Shepparton Formation forms the watertable aquifer where the Coonambidgal
Formation is either absent or unsaturated. It comprises of shoestring sands interbedded
with silts and clays. Near Gunbower Forest the Shepparton Formation is variable in
thickness and can be between 40 and 110 metres thick.

2.

Most bores in Gunbower Forest are in nested depth pairs at about 7-10 metres and 25
metres depth screened in both the Coonambidgal and Shepparton Formations
respectively.

In some parts of Northern Victoria, the lower parts of the Shepparton Formation have a high clay
content where it has been defined as the Yando Clay. Where present, the Yando Clay restricts
upward groundwater flow from the underlying aquifers (i.e. Parilla Sand, Calivil Formation,
Renmark Group) to the Shepparton Formation aquifer. This restricted groundwater flow can be
seen in deep nested depth bore hydrographs where groundwater head differences of more than
one metre can be observed.

5.3 Parilla Sand
Representing the extent of an ancient inland sea, the Parilla Sand is a fine to coarse grained sand
aquifer. The aquifer is generally saline, at times more than double sea water salinity, and is the
primary aquifer associated with land and water salinization in north-western Victoria.
Near the Gunbower Forest, the Calivil Formation and the Parilla Sand inter-finger. The interfingering is thought to have occurred at the coastal margin where upland alluvial gravels formed
extensive deltas where the Parilla Sand was being deposited as the inland sea trans- and
regressed. As such, the Parilla Sand acts as pathway for groundwater flow from the
Renmark/Calivil Formation to the Shepparton Formation where upward flow isn’t restricted by
the Yando Clay.

5.4 Calivil Formation
The Calivil Formation underlies the Shepparton Formation and the Parilla Sand. It is a coarsegrained aquifer laid down by river systems in the geologic past when the rivers were more
"energetic” and much larger than today. The Goulburn, Campaspe, Loddon and Murray River
systems have the Calivil Formation beneath the Shepparton Formation, broadly following their
present-day water courses.

5.5 Renmark Group
The Renmark Group underlies the Calivil and was also deposited by river systems in the past. In
this part of northern Victoria it is coarser grained than the Calivil Formation and tends to be
thicker, up to 120 metres. Further to the east the Calivil and the Renmark contain groundwater of
lower salinity, making it usable for irrigation, and in these locations’ groundwater extraction
takes place.

5.6 Palaeozoic basement
Depth to bedrock beneath the Renmark varies considerably ranging from 140 to 230 metres. The
low hydraulic conductivity and gradient of the basement aquifer, and large geologic separation,
suggests there is minimal impact of the basement aquifer on Gunbower Forest.
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5.7 Hydrogeological cross section
Review of the Victorian and New South Wales borehole databases identified a line of bores with
reasonable hydrostratigraphic data which a cross-section could be created north of the
Gunbower Forest. Figure 15 presents the locations of drilling in the region and the location of the
A – B cross section and Figure 16 presents the regional cross-section with the individual aquifer
units.
Information shows the thickness of all aquifers remain relatively constant across the region with
only a slight granite high in the vicinity of Koondrook. Elevation remained around 77 m AHD along
the entire transect.
Groundwater monitoring information of all bores in the vicinity of Gunbower Forest are reviewed
in Appendix 2.

Figure 15 Location of hydrostratigraphic cross section developed
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Figure 16 Regional hydrostratigraphic cross-section of the area
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6

Method

Factors which cause the variation in groundwater level are often the result of several dynamic
relationships, such as rainfall, land use, evaporation, river interaction, irrigation and groundwater
pumping. To understand and quantify the role that differing environmental factors may have on
groundwater level fluctuation, time series groundwater level data was analysed using both a
visual and numerical approach.

6.1

Groundwater level and salinity analysis

Both groundwater level and salinity data were plotted and reviewed for all groundwater
monitoring bores at Gunbower by visual methods to determine if any specific trends or
groundwater process insights could be observed.
The analysis of groundwater and salinity processes included the comparison of groundwater level
and salinity concentration fluctuations with rainfall, flooding and surface water levels. These
assessments are then described.

6.2

Numerical groundwater process analysis

Appendix 3 provides a technical description of the TFN method, the following provides an
overview of the approach used in this application.
Fluctuations in unconfined groundwater level can be simulated using a transfer function-noise
(TFN) model (Box & Jenkins 1976, Hipel & McLeod 1994, Vos Asmuth & Knotters 2004) or by
other methods such as a physical-mechanistic model (e.g. MODFLOW – McDonald & Haubrough
1990) with comparable accuracy (Knotters 2001, Von Asmuth & Knotters 2004, Shapoori et al.
2012). The TFN models can then be used to assist in understanding and even quantify
groundwater processes of individual bore hydrographs.
Time-series data interrogated for this exercise utilises the following data sets, all on daily time
step intervals;





Groundwater level monitoring data from unconfined observation bores.
Daily rainfall data.
Daily solar radiation data.
Daily surface water level gauge data of relevant stream gauges.

The groundwater level monitoring data is used to identify a relationship with the environmental
data. Once calibrated the TFN model is used to identify the dominant environmental forcing for
each bore hydrograph. As such, it is possible to distinguish which causes the watertable to
fluctuate (i.e. rainfall, surface water level or evapotranspiration).
In addition to identifying dominant environmental forcing processes, groundwater recharge is
also quantified once a representative specific yield value is assigned. Daily groundwater recharge
is calculated by multiplying the effective rainfall by the specific yield over the duration of the
monitoring data. The long-term mean annual groundwater recharge rate is then calculated by
summing the daily rates over the time period.
As part of the TFN method an overall linear trend is used to calibrate the model. The output of
this process in a fitted linear trend for each groundwater monitoring bore. The fitted linear trend
reflects the true underlying groundwater trend independent of the rainfall trend.
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7

Results

The following section provides a review of the time series water level information analysed.
Because there are many groundwater monitoring bores and associated data, the information is
discussed along specific transects. These transects represent one of six traverses across
Gunbower Forest.
Groundwater level information can be plotted as depth to watertable or relative to a survey
elevation. Measurement of depth to watertable is useful to understand the distance between the
land surface and the watertable, but it doesn’t provide an indication of groundwater movement.
To understand groundwater flow direction (vertical and/or horizontal) groundwater level
information is assigned an elevation. In Australia, the standard survey elevation reference is in
meters Australian Height Datum (AHD). Groundwater information in the following sections is
plotted as metres AHD.

7.1

Groundwater monitoring analysis

There are six key bore transects which extend across Gunbower Forest to the Murray River plus
five nested depth bore sites in the area. A nested depth site refers to multiple bores located at
the same position but are screened at differing depths/aquifers. As a standard procedure at a
nested site the deeper bore is numbered first, for example bores 36169 and 36170 is the deep
and shallow bore respectively. Appendix 1 presents the groundwater monitoring data collected
since 2016, which is of reasonable quality. Appendix 2 presents the entire records of all
monitoring bores in the area; some of this data is of generally poor quality due to the numerous
erroneous water level records.

Nested depth groundwater level sites
The five nested depth bore sites located near/in Gunbower Forest are:


87806 / 87807/ 87808 / 87809 on irrigated land near Torrumbarry, the upstream extent
of Gunbower Forest.



66514 and 66515 on the Murray Valley Highway near Kow Swamp.



110518 and 110519 in the Forest about 7 km west of Cohuna.



56029 and 56030 in irrigated land on the edge of Gunbower Forest about 2.5 km
downstream of Cohuna.



82751 / 82752 / 82753 / 82754 on irrigated land near Koondrook.
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T6

T5

T4
T3
T2
T1

Torrumbarry - Gunbower
Figure 17 Groundwater monitoring bores and transects associated with Gunbower Forest
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Bores 87806 / 87807 / 87808 / 87809 (irrigated land near the upstream extent of
Gunbower Forest).
Groundwater levels presented in Figure 18 shows there is no upward groundwater gradient from
the regional aquifer at the site, but the regional Renmark/Calivil aquifer provides a platform for
the Shepparton Formation. In this sense, the regional aquifer determines the long-term trend of
the Shepparton Formation, but the daily/weekly fluctuations are driven by local groundwater
recharge processes. The result of this interaction is that the regional Calivil/Renmark aquifer
determines the degree of groundwater-surface water interaction in the area. The lowering of the
regional aquifer coincides with the on-set of increased groundwater pumping further up
catchment from the early 1990’s, as discussed in SKM (2013).

Figure 18 Nested depth bores 87806-9
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Bores 66514 and 66515 on the Murray Valley Highway near Kow Swamp.
Located 2km north of Kow Swamp, groundwater levels have also lowered since the 1990’s which
coincides with increased groundwater pumping in Northern Victoria (Figure 19). While prior to
1990 the groundwater levels were driven by regional groundwater pressures. The net downward
head pressure now occurs at the site since 1993 suggests that local land use and rainfall are the
primary drivers of the watertable fluctuation at this location, but the regional aquifer determines
the degree of watertable interaction.

Figure 19 Nest depth bores 65515 and 65514
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Bores 110518, 110519, 36161, 36162 in Gunbower Forest 7 km west of Cohuna.
Located within Gunbower Forest, this nested site shows the deeper bores are behaving very
differently to those in the shallow watertable (Coonambidgal & Shepparton upper)(Figure 20).
The two nested bore sites (i.e. four bores) are located 200 metres away from each other, but it is
considered appropriate to compare groundwater pressures. Information suggests that the
Renmark aquifer is somewhat separated from the groundwater level processes near the
watertable with a strong upward groundwater pressure at the site. It is possible that;


the Shepparton (lower) Formation is comprises of a clay sequence (i.e. Yando submember) which is semi-confining groundwater within the Renmark/Calivil aquifers



evapotranspiration from the forest is lowering the local watertable at the site as a result
of the upward inflow being less than the vegetation water use.

Further analysis would be required to confirm the dominant process, this analysis would include
assessing the groundwater chemistry and having accurate elevation data.

Figure 20 Nested depth bores 36161-2 & 110518-9
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Bores 56029, 56030, 36077, 30678 on the edge of the Gunbower Creek - 4 km north of
Cohuna.
The groundwater level pressure difference at the nested depth site between the Renmark and
Calivil/Parilla bores with the Shepparton and Coonambidgal bores suggests that there is a strong
upward head gradient at the site which influences the overall trend of the watertable (Figure 21).
The groundwater processes which occur at this site are like those previously discussed at
Gunbower Forest site.

Figure 21 Nested depth bores 36077-8 and 56029-30
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Bores 82751/82752/82753/82754 on irrigated land near Koondrook.
Groundwater levels in the Shepparton Formation (watertable aquifer) correlate with
groundwater levels in the underlying Parilla Sand aquifer (Figure 22). A delay between water level
fluctuations and trends of the Shepparton Formation and the Renmark aquifer is also apparent.
The time delay between the deeper aquifer fluctuations suggests either, or both;


the local watertable aquifer processes (i.e. land use/rainfall) are driving the deeper
formation groundwater pressures (this interpretation conflicts with the regional
understanding of groundwater processes).



There is a regional pressure delayed response of the Renmark Group at the site.

Further analysis would be required to confirm the cause of the Renmark delay, such analysis may
include regional groundwater modelling and groundwater chemistry analysis.

Figure 22 Nested depth bores 82751-4
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Torrumbarry - Gunbower
Between Torrumbarry and Gunbower there are 14 bores which are monitored for groundwater
level and salinity with the objective of determining the processes which drive the watertable level
(Figure 23).

Figure 23 Location of Torrumbarry-Gunbower bores
The below graph (Figure 24)presents all shallow monitoring bores with two nearby surface water
level gauges (National Channel and Torrumbarry gauges). Groundwater elevation of all
groundwater monitoring bores correlates with the water level of the National Channel gauge, but
with reduced fluctuation. The correlation is confirmed by the absence of any seasonal climatic
trend which is found in other watertable monitoring bores.
Overall, it is apparent that the water level in the river/channel is commonly much higher than the
groundwater at least for short bursts in time, even though the data is suspect in some instances.
The floods in 2010/2011, and the higher seasonal rainfall in the spring of 2016, obscure this
association.
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Figure 24 Torrumbarry groundwater level and surface water level monitoring
data
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Analysis of groundwater salinity monitoring data at the group of bores has also been undertaken
(Figure 25). There is no correlation between groundwater salinity and stream gauge level data.
There may be a slight overall water level fall in bores with high groundwater salinity, further
monitoring will confirm this. The fluctuations in groundwater salinity data appears to contain a
lot of spurious data, which is more than likely associated with the sampling method rather than
environmental conditions.

Figure 25 Torrumbarry groundwater salinity and surface water level data
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Bore transects
Shallow groundwater monitoring bores near or in the vicinity of Gunbower Forest have been
considered for groundwater level and salinity in the following section. The location of each
transect is presented at the start of this section.

Bore transect T1
Transect T1 extends from 2km west of Kow Swamp to the Murray River. The transect shows a
fluctuating watertable at all sites, with the highest watertable elevation adjacent to Gunbower
Creek (128273)(Figure 26). None of these bores are in the vicinity of Gunbower Forest and no
effects of forest watering is observed.

Figure 26 Groundwater level monitoring data at transect T1
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Figure 27 Groundwater salinity monitoring data at transect T1
Time-series salinity data above shows the groundwater salinity remains more than channel/river
surface water quality and with a possible increasing trend (Figure 27). Fluctuations in water
quality are likely to be associated with small seasonal variations and inconsistent sampling
methods and is unlikely to be caused by changing aquifer salinity over the time scale presented.
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Bore transect T2
Bore transect T2 extends from Leitchville to the Murray River, as does the groundwater gradient.
The magnitude of the fluctuations is the greatest in the bore located in irrigated land
(6262)(Figure 28). This suggests groundwater recharge is the greatest on the irrigated land.

Figure 28 Groundwater level monitoring data at transect T2
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Figure 29 Groundwater salinity monitoring data at transect T2
Salinity data above shows the groundwater salinity remains significantly higher than surface
water salinity and with a possible increasing trend (Figure 29). Fluctuations in water quality are
likely to be associated with small seasonal variations and inconsistent sampling methods. The low
salinity in bores 36167 & 36168 are associated with direct interaction with the adjacent Murray
River.
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Bore transect T3
Transect T3 shows the groundwater level in the irrigation area is significantly higher than in
Gunbower Forest (Figure 30). Overall, the shallow bores at the nested sites have a higher
groundwater level than the deeper bore. This suggests that groundwater recharge is occurring at
these sites. A significant downward head pressure gradient in nested bores 36166 and 36165
suggests groundwater recharge is occurring at the site (or the bore need cleaning).

Figure 30 Groundwater level monitoring data at transect T3
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Figure 31 Groundwater salinity monitoring data at transect T3
Groundwater salinity data in transect T3 has many fluctuations (Figure 31), the accuracy of these
variations is unknown. The low groundwater salinity spikes in bore 36166, compared to 36165
further suggests groundwater recharge maybe occurring in the area. Overall, groundwater
salinity trends appear to be stable in the transect and reflect the water quality of the regional
aquifer in this location.
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Bore transect T4
Transect T4 shows the groundwater elevation gradually declines north east (Figure 32). At nested
depth site 36163 & 36164, the deeper Shepparton Formation bore shows sharp fluctuations in
groundwater level, which suggest groundwater recharge. The cause of these sharp fluctuations is
believed to be associated with either regional wet periods (i.e. wide-spread flooding) or bore
construction failure, this information requires further investigation by site inspection.

Figure 32 Groundwater level monitoring data at transect T4
The below salinity graph suggests there is a vast amount of spurious salinity monitoring data
records (Figure 33). Overall, groundwater salinity concentrations may be decreasing, particularly
in Shepparton Formation bores near Gunbower Creek. However, this interpretation would
require significantly more accurate salinity measurements to be confirmed.
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Figure 33 Groundwater salinity monitoring data at transect T4
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Bore transect T5
Groundwater levels in transect T5 fluctuate significantly (Figure 34). Groundwater pressures at all
nested sites are upward trending (ie. Shepparton > Coonambidgal), this implies that off-site
recharge is dominating on-site groundwater levels. It is probable that up-catchment land
management activities are causing the increased elevation of groundwater beneath the forest in
this part of the transect.

Figure 34 Groundwater level monitoring data at transect T5
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Again, groundwater salinity information is highly fluctuating in this transect (Figure 35). It is
unknown if the variability is a result of sampling method inconsistencies or hydrogeological
processes. Overall groundwater salinity is slightly decreasing or stable.

Figure 35 Groundwater salinity monitoring data at transect T5
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Bore transect T6
Groundwater levels fluctuate significantly along transect T6 (Figure 36). In both nested depth
sites there is upward groundwater pressure (ie. Shepparton > Coonambidgal). There are some
large fluctuations in the groundwater levels of certain bores, these fluctuations are assumed to
be associate with high recharge events. The high fluctuation of bore 6281 in 2009 coincides with
the breaking of the millennium drought.

Figure 36 Groundwater level monitoring data at transect T6
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Time series groundwater salinity data in Error! Reference source not found. shows there has
been significant recent fluctuation in groundwater salinity. However it is unknown if the
fluctuation is associated with improper sampling methods or actual groundwater salinity
changes.

Figure 37 Groundwater salinity monitoring data at transect T6
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7.2

Numerical groundwater process analysis

Results from the TFN model interrogation are presented in the below section. Here, the
dominant processes which cause groundwater level fluctuation have been identified and
groundwater recharge rate quantified.
Simulation of the environmental processes which cause the watertable monitoring bores level
fluctuate is presented in Appendix 4. In summary;


rainfall and Murray River water level were found to be the greatest contributors in
causing groundwater levels to rise, and thereby groundwater recharge



an average falling regional groundwater trend of 21 cm/year underlies bore hydrographs



evapotranspiration plays a significant role in lowering the watertable under Gunbower
Forest.



Gunbower flooding shows no impact on groundwater monitoring levels.
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Dominant processes
Dominant environmental forcing inputs are presented in Figure 38. Information shows that much
of the groundwater fluctuations beneath Gunbower Forest are driven by rainfall. Away from the
forest on agricultural land groundwater level fluctuations are also generally driven by rainfall
patterns. In some locations on agricultural land, irrigation channel and Gunbower Creek levels
determine the groundwater level.

Figure 38 Dominant environmental input that drives shallow groundwater
level fluctuation
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Rainfall derived groundwater recharge
The calculation of groundwater recharge was undertaken by assuming the specific yield of the
unconfined aquifer was 5% (Pratt et al. 1988) and where the effective environmental forcing rise
(i.e. rainfall or river level) was assumed to be groundwater recharge. This information was
cumulated and averaged between 1990 to 2020 to determine a 30-year average groundwater
recharge rate. It was found that rainfall derived mean annual groundwater recharge varies
between 2 and 189 mm/year with a median of 33.6 mm/year (Figure 39).

Figure 39 Rainfall sourced inferred groundwater recharge rates
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Surface water recharge
Like rainfall sourced groundwater recharge rates, surface water groundwater recharge has been
calculated (Figure 40). Overall information suggests that near the Murray River and Gunbower
Creek/No5 channel some groundwater recharge occurs via surface water. Interestingly,
groundwater recharge rates are significantly less than the calculated rainfall sourced recharge
amounts. Groundwater recharge rates were found to be as high as 37 mm/year, most of the high
calculations are in the vicinity of rivers or agricultural land.

Figure 40 Surface water sourced groundwater recharge rate
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Regional groundwater level trends
Regional groundwater trends have been fitted from 1990 to 2020 (ie. 30-year average) (Map 4.4).
Information confirms that despite the overall decreasing rainfall trend which has also occurred in
the region, groundwater levels are also falling. This fall has been attributed with depressurisation
of the regional Calivil/Renmark Group Aquifer to the east (SKM 2013).

Figure 41 Thirty-year average regional groundwater trend fitted using TFN
function analysis.

Evaporation
Locations of where significant groundwater evaporation occurs is presented in Figure 42. Data
suggests that much of Gunbower Forest has significant groundwater evaporative processes
influencing groundwater levels. That is, there is a strong seasonal fluctuation in groundwater
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level which can be attributed to evapotranspiration. Such relationships are common in other
groundwater dependent forests (such as Benwell/Guttrum Forests).

Figure 42 Locations of where significant groundwater evaporation occurs
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7.3

Groundwater interactions

Time-series groundwater level information (measured as elevation in Australian Height Datum
(AHD)) for each transect (Figure 43Error! Reference source not found.) is plotted against gauged
time series surface water level data (also as elevation in AHD) at Hipwell Road channel and the
Murray River. This plotting has been done to determine if flooding of Gunbower Forest has a
response in groundwater level. Information is plotted from 2014 to 2020 because natural and
managed forest flooding events have occurred during;
 June – Nov 2014,
 Sep – Nov 2015,
 Aug – Dec 2016,
 June – Oct 2018,
The Hipwell Road channel gauge provides water level data within the channel, which can receive
water during both natural and managed flood events. During natural flood events, forest inflows
from the Murray River can enter the floodplain via Spur Creek and can result in water backing up
behind the Hipwell Road regulator (as observed in 2016). Under managed flood events, water is
delivered via the Hipwell Road channel into Spur Creek and to the Gunbower Forest floodplain. A
level of caution should be taken when interpreting the Hipwell Road channel gauge data as water
can persist in the channel following the completion of the watering action, or after natural
inflows have ceased, and therefore it is not indicative of actual duration and magnitude of
flooding. Groundwater head pressure differences associated with nested depth bore sites show
that in many locations there is upward groundwater pressure from the regional Renmark/Calivil
aquifer by up to two meters to that of the Shepparton Formation. This semi-confining
groundwater behaviour is associated with clay content and the thickness of the lower
Shepparton Formation, which acts as an aquitard, and strong upward groundwater pressure of
the regional Renmark/Calivil aquifer. In locations where the aquifer is less confined, groundwater
level in the watertable aquifer is directly determined by the pressure in the regional aquifer.
Bore hydrographs show there are sharp watertable fluctuations associated with groundwater
recharge, yet the size of the fluctuation varies from bore to bore. In most instances the bore
hydrograph fluctuation pattern is consistent along the transect.
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T6

T5

T4

Hipwell Road
Channel gauge

Murray
River

T3
T2
T1

Torrumbarry - Gunbower
Figure 43 Location of bore transects and channel gauges
Like with groundwater level information, surface water gauge information can be plotted against
a reference elevation (metres AHD) and then compared with groundwater level information to
provide an indication of water flow direction and interaction.
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Transect T1
As described above, groundwater level and surface water gauge level (and flow rate) information
are plotted together to help understand groundwater-surface water interaction. Figure 44Error!
Reference source not found. presents all groundwater level monitoring bores along transect T1
with nearby surface water gauges, all are plotted in metres AHD.
In transect T1 groundwater level peaks coincide with Murray River level peaks (Error! Reference
source not found.), suggesting that either the Murray River and/or rainfall events influence
groundwater level fluctuations. There are several high Murray River events which do not result in
groundwater level rise, suggesting that rainfall influences dominate groundwater level
fluctuations in this transect.

Figure 44 Groundwater versus surface water gauge level at T1 (GW groundwater elevation; SW - surface water elevation)
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Transect T2
Figure 45 presents all groundwater level monitoring bores along transect T2 with nearby surface
water gauges, all are plotted in metres AHD.
High surface water level events in the Murray River correlate with groundwater level fluctuations
in the elevated bores of the transect. There is no apparent relationship with water level
fluctuations associated with Hipwell Road channel inflows.

Figure 45 Groundwater versus surface water gauge level at T2 (GW groundwater elevation; SW - surface water elevation)
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Transect T3
Figure 46 presents all groundwater level monitoring bores along transect T3 with nearby surface
water gauges, all are plotted in metres AHD.
High surface water level fluctuations of the Murray River gauge also coincide with many
fluctuations in the groundwater level. Hipwell Road channel gauge fluctuations do not correlate
with groundwater level fluctuations.

Figure 46 Groundwater versus surface water gauge level at T3 (GW groundwater elevation; SW - surface water elevation)
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Transect T4
Figure 47 presents all groundwater level monitoring bores along transect T4 with nearby surface
water gauges, all are plotted in metres AHD.
Murray River surface water level fluctuations have a small impact on groundwater fluctuations
and no relationship with the Hipwell Road channel gauge. Most of the groundwater fluctuations
are associated with high Murray River flood levels, such as July 2016, December 2017 and
October 2019. Of these events, only the October 2018 coincided with managed forest flooding,
suggesting forest flooding doesn’t impact groundwater level fluctuations beneath the forest at
this transect.

Figure 47 Groundwater versus surface water gauge level at T4 (GW groundwater elevation; SW - surface water elevation)
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Transect T5
Figure 48 presents all groundwater level monitoring bores along transect T5 with nearby surface
water gauges, all are plotted in metres AHD.
Murray River flood water level events coincide with fluctuations in groundwater level. The
fluctuations are associated with both rainfall and river level, such as July 2016, December 2017,
October 2018 and October 2019, where only the October 2018 period is when managed forest
flooding occurred. This confirms that forest flooding has no significant impact on local
groundwater levels.

Figure 48 Groundwater versus surface water gauge level at T5 (GW groundwater elevation; SW - surface water elevation)
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Transect T6
Figure 49 presents all groundwater level monitoring bores along transect T6 with nearby surface
water gauges, all are plotted in metres AHD.
Groundwater level fluctuations occur 1-2 weeks prior to river level fluctuations, thereby
suggesting rainfall is driving groundwater level fluctuation rather than river level.

Figure 49 Groundwater versus surface water gauge level at T6 (GW groundwater elevation; SW - surface water elevation)
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8

Limitations of data

The quality of the groundwater level monitoring data recorded since 2016 is of reasonable
quality, even though it contains some erroneous recordings (refer to Appendix 1). Prior to 2016,
however, the groundwater level data (from 1990-2020) is generally of poor quality and appears
in many instances to have had no quality control review prior to being uploaded to the Water
Management Information System. This is not uncommon in datasets found on WMIS. In addition,
prior to 2016 the groundwater level data was collected by several monitoring programs, which
may have added to the inconsistencies observed in the dataset.
Groundwater salinity monitoring funded through TLM has been a continuation of monitoring
bores that were established prior to the Gunbower Forest restoration works and has been
focused on 15 bores located in an area outside Gunbower Forest in the vicinity of Gunbower
Creek. Apart from data funded and collected through other sources until 2017, there is limited
groundwater salinity data available within Gunbower Forest flood footprint, and the data which
does exist is of variable quality and requires correction to remove outliers. The groundwater
salinity monitoring which has occurred in the past three years (2017-2020) can assist with risk
evaluation, however it has limited suitability for interpretation and analysis as it contains
numerous inconsistent recordings which are unlikely to reflect the actual groundwater
conditions.
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9

Discussion

Although the risk of salinity impacts in Gunbower Forest from flooding are considered low,
monitoring groundwater salinity within the Gunbower Forest flood footprint should be a priority,
as recommended in a 2009 assessment of the salinity risk in Gunbower Forest (SKM 2009b). The
monitoring of groundwater salinity can be used to identify salinity concentrations and determine
if land management actions both within and outside of the forest (e.g. irrigation practices in
adjacent farmland) cause an increase in groundwater salinity, and thereby impacts vegetation
health.
Analysis of groundwater level data has shown that groundwater level fluctuations in the area are
dominated by rainfall, and to a lesser extent river water level. Shallow hydrograph fluctuations
vary across the landscape, suggesting groundwater recharge rates also differ. Calculated
groundwater recharge rates were found to range between 2 to 189 mm/year, with the highest
recharge rates near irrigated land. Surface water derived groundwater recharge rates were found
to be generally low except for some bores located near the Murray River which had an average of
around 37 mm/year. In areas where forest flooding occurs there is no indication that flood
related groundwater recharge occurs. This lack of recharge is likely to be associated with the
presence of Vertosol soils at Gunbower. Once saturated, the shrink-swell clays of a Vertosol
restrict vertical water flow (i.e. recharge) and cause water to pond over long periods until the clay
dries. This localised perched watertable associated with Vertosol soils are elevated above the
regional watertable, thereby not being saline. Fresh water can be held within this clay matrix for
many months allowing vegetation to access it rather than drawing on the deeper saline
watertable. Flooding is the primary mechanism which saturates vertosols rather than seasonal
rainfall.
Deep bore hydrograph analysis has shown that groundwater level decline in the regional
Calivil/Renmark aquifer is associated with up-catchment lowering of groundwater levels, and
possibly a longer-term drier climate. The lowering groundwater level in the regional aquifer is
contributing to the overall lowering of the watertable in the study area. Hydrograph modelling as
part of this study agrees with the long-term regional falling trend where most watertable bores
have an average falling trend of 20 cm/year independent of rainfall over the past 30 years. The
ultimate amount of watertable lowering as a result of the regional aquifer decline is unknown.
Groundwater salinity in Gunbower and the surrounding area varies and can be as high as 45 000
EC (comparable to sea water). These high groundwater salinities occur both within and outside
Gunbower Forest, and adjacent to the Murray River. The inclusion of annual groundwater salinity
measurement for Gunbower Forest would be useful for environmental condition benchmarking.
Available groundwater salinity data suggests trends are generally stable, however there would be
some benefit if the groundwater salinity database was corrected for errors.
Nested depth bore sites at both Cohuna and Gunbower Forest show the upward groundwater
pressure is two metres more than the watertable aquifer, implying the aquifer is confined in
these areas. Whereas at the Torrumbarry and Koondrook sites, the Renmark Group head
elevation is two metres lower than the watertable aquifer. The cause for this variation may be
associated with a slightly high clay content in the lower Shepparton Formation (i.e. greater
presence of Yando sub-member in the Shepparton Formation). The amount of upward head
groundwater pressure from the regional aquifer generally determines the depth to watertable at
the site. The result of this is that some areas are inherently prone to land salinity compared to
others due to upward groundwater pressure from the regional aquifer.
Comparison of Gunbower Forest surface water gauge level and Hipwell Road channel flow rate
with groundwater level data shows forest flooding has no significant impact on groundwater
level. The addition of automatic water level loggers while forest flooding occurs would enhance
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the quality of the monitoring data and increase confidence. In many locations within the forest,
nested hydrographs show the Shepparton Formation has a head elevation higher than the
Coonambidgal Formation watertable aquifer. This, and TFN analysis results suggest that
groundwater evapotranspiration from the forest vegetation plays a significant role in lowering
the watertable throughout Gunbower forest.
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10

Conclusions

The review of groundwater level and salinity monitoring data in the vicinity of Gunbower forest
has provided new insight of groundwater, surface water and environmental interactions.
Environmental watering of Gunbower Forest shows no resulting bore hydrograph fluctuation,
thus confirming that no groundwater recharge under or near the forest occurs during these
events.
Due to restricted access to inundated bores there are data gaps in some monitoring data which
prevents detailed interrogation of data (i.e. hourly-daily intervals) during natural and managed
floods. To account for this, detailed review of groundwater level monitoring data before and after
flood events was undertaken and shows no significant change in groundwater level. Given the
duration of inundation of these events (e.g. 4-6 months), it is unlikely that groundwater levels
would rise and fall in such a short timeframe before monitoring occurs. In addition, statistical
analysis of groundwater level and forest flood information as part of this report also suggests no
impact.
The regional groundwater pressure in the aquifer determines the long-term trend of the
Shepparton Formation (watertable), but the daily/weekly fluctuations are driven by local
groundwater recharge processes, such as rainfall and the Murray River level.
With the objective to answer questions relating to groundwater interaction of Gunbower Forest,
the conclusions are based around five key questions;
1

What influence does the forest have on the water balance of the forested floodplain? That
is, to what extent is the watertable beneath the forest regulated by either recharge control
or through phreatophytic (deep rooted vegetation) water use?
Analysis of hydrographs showed that every bore hydrograph beneath Gunbower Forest is
influenced by groundwater evapotranspiration (Map 4.5 in Appendix 3). Evapotranspiration
has been calculated to lower the watertable by as much as 0.5 metres within the forest,
thereby providing a relative groundwater level depression beneath Gunbower Forest.
Overall, groundwater recharge rates were found to be lower in Gunbower Forest than areas
outside. However, there was also found to be several locations where groundwater recharge
rates within the forest were quite high. This variability in groundwater recharge in the bore
hydrographs is expected to be associated with clay characteristics/wetness of the Vertosol
soils.

2

To what extent is the watertable beneath the forest sustained by recharge that is the
result of seepage losses from the Murray River?
Dominant environmental processes of each hydrograph have been analysed as part of the
TFN application (presented in Appendix 3). Within Gunbower Forest the primary driver of
groundwater level fluctuation, and thereby groundwater recharge is rainfall, but surface
water fluctuation of the Murray River does also contribute to groundwater recharge via river
bank leakage into the watertable.
A property of a Vertosol soil is that it allows higher rainfall recharge rates before the soil
profile is saturated via cracks in the soil. Once the soil profile is saturated, the swelling of the
clays reduces the ability for water to drain through the cracks. When this occurs, such as
during a flood, the Vertosol soil would saturate and expand, thereby forming a clay seal
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holding water in depressions rather than allowing vertical drainage. Further information can
be sourced in Hocking and Kelly (2016).
Murray River calculated groundwater recharge rates are presented in Map 4.3 (Appendix 3),
the average rate of Murray River recharge to Gunbower Forest is estimated to be 8.2
mm/year (range 0.2 – 37 mm/year). If a specific yield of 5% was assumed across the entire
forest, this would equate to a maximum of 0.16 metre watertable rise.
3

To what extent do groundwater pressures within the deeper aquifers influence watertable
elevation?
Groundwater conditions in the vicinity of Gunbower Forest are complex, they are influenced
by shallow and deep groundwater processes. The deep Renmark and Calivil Aquifers extend
up into the ancient river valleys of the Murray Basin, such as the Loddon, Campaspe and
Goulburn Valleys. The elevated groundwater pressures in the upland valleys then discharge
in the lower parts of the Murray Basin, such as in the area of Gunbower Forest. The
groundwater pressure discharge of the deeper aquifer forms a bench elevation whereby
shallow groundwater recharge processes operate above the regional pressure base level.
Groundwater monitoring data at Gunbower shows a six-metre groundwater pressure decline
in the deep regional aquifer from 1990 to 2010 coincides with a 2.5 metre fall in the
watertable over the same period beneath the Gunbower Forest. While the decline
relationship is not 1:1, it is likely that the 2.5 metre fall would have been much greater if the
watertable was not within the capillary fringe where evapotranspiration also lowers the
watertable locally. That is, evapotranspiration has been lowering the watertable and
otherwise it would have been higher

4

To what extent does environmental watering of the forest influence watertable elevation?
Review of all monitoring bore hydrograph records do not suggest any groundwater recharge
occurs beneath Gunbower Forest as a result of environmental watering. Chapter 6 shows
that there are no groundwater monitoring records which have a groundwater level rise
which coincides with environmental watering. During the times of forest watering there is an
absence of groundwater monitoring records when bores are inundated and unable to be
accessed. To account for this data gap, a review of groundwater level monitoring data before
and after flood events shows no significant change in groundwater level. Given the duration
of inundation of these events (e.g. 4-6 months), it is unlikely that groundwater levels would
rise and fall in such a short timeframe, which increases confidence in the stability of the data
from before and after the events. In addition, statistical analysis of groundwater level and
forest flood information also suggests no impact.
Installing automated groundwater level data loggers would improve this understanding.

5

What does our understanding of the water balance gleaned from assessment of the data
tell us about salinity risk?
This review has shown that in most locations groundwater recharge occurs as a result of
both rainfall and water loss from the Murray River. Deep groundwater pressures cause the
region to have a groundwater level base elevation, where the fluctuation of the deeper
aquifer pressures determine the amount of environmental interactions the watertable
aquifer has. Local groundwater processes, such as high evapotranspiration rates at
Gunbower Forest, do have the capacity to locally lower the watertable based upon existing
information. However, the decline or rise of the regional aquifer has the greatest influence
to prohibit or cause salinity in the area. For example, in the past 20 years the decline of the
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regional Renmark/Calivil aquifer water level of up to 5 metres has shown to be the dominant
contributor in the watertable level at Gunbower Forest. As such, the up-catchment
groundwater pressures in the Renmark/Calivil Formation has the greatest influence of land
salinisation in Gunbower Forest area. Also, the presence of Vertosol soils beneath the forest
provides an additional clay buffer from the underlying saline aquifer and a potential fresh
water source for many months after flood.
As our understanding of salinity processes increase, there are some information gaps about
salinity mechanisms which have emerged, including where and how does salt export from
Gunbower. To address this information gap measurement of the amount of salt which enters
and exports Gunbower in surface water (called a salt balance) would provide valuable insight
into salt export processes and risk.
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11

Recommendations

There has been an advance in the understanding of groundwater processes and conditions in the
Gunbower Forest, but there is scope for further investigation/monitoring of the groundwater
processes. The following recommendations propose actions that would benefit in the
groundwater understanding of the area:


Biannual monitoring of bore groundwater salinity in Gunbower Forest will provide an
on-going monitoring data set to benchmark environmental health and identify trends at
Gunbower. This information, in conjunction with groundwater level data, will provide an
early warning to any groundwater related risks to vegetation.



Surface water salinity concentration gauging at all Gunbower forest outflow locations
will aid in understanding salt load export trends for salinity referencing, and thereby
provide insight into the salt wash-off processes which occur in the forest.



Groundwater sampling methods should be in line with national groundwater sampling
standards. All data collected should be interrogated and cleaned (if required) before it is
provided to DELWP for entry into the Victorian groundwater database. This will ensure
the data is free from error.



Install groundwater level data loggers in locations where site access becomes inundated
during flood. Such bores could include 36161/36162 and 36156/36157 where bore sites
are located in the central lower parts of Gunbower Forest. This information will provide
direct evidence of how the watertable responds during flood events.



Nested bore site 36163/36164 requires further investigation to determine if the bore is
operating correctly. Without investigating this site there is reduced confidence in the
data collected.
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Appendix 1 – 2016-2019 NCCMA provided monitoring data,
WMIS data and used (corrected) data
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Appendix 2 – Entire record NCCMA provided monitoring
data, WMIS data and corrected data
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Appendix 3 - Transfer Response Noise method & results
The development of the Transfer Function-Noise (TFN) model is a systems approach for timeseries simulation which has received much attention over the past 50 years (e.g. Box & Jenkins,
1970; Hipel & McLeod, 1994; Gehrels, 1994; Van Geer & Zuur, 1997; von Asmuth et al., 2002,
2008; von Asmuth & Knotters, 2004; Shapoori et al. 2015; Peterson & Western, 2014; Obergfell et
al., 2013). The application of TFN models to groundwater level monitoring has provided much
insight into point-based hydrological processes and analysis (such as: Yihdego & Webb, 2011;
Shapoori et al., 2015; Peterson & Western, 2014; Hocking & Kelly, 2016; Ebbens, 2015; Amed &
Adbelmohsen, 2018).
The continuous time TFN model is be described by Equation 4:
ℎ(𝑡) = ∑

ℎ ∗ (𝑡) + 𝑛(𝑡) + 𝑑, (4)

where h(t) is the observed groundwater level at time step t, n is the number of stresses, h*(t) is
the predicted groundwater level at time step t, n(t) is the residual and d is the groundwater level
without any input stresses (often referred to as the local drainage level). The basic form of the
predicted groundwater level time-invariant transfer function is equivalent to the convolution
integral in continuous time defined by Equation 5:
ℎ ∗ (𝑡) = ∫

𝜃 (𝑡 − 𝜏)𝑅 (𝜏) 𝑑𝜏, (5)

where t is time, hi* is the predicted head attributable to stress i, Ri is the value of stress i, and θi is
the transfer or impulse response function of stress i. Variations to the basic form of Equation 5
are typically adopted to represent different stresses (von Asmuth et al., 2002; Peterson &
Western, 2014). These include precipitation (p) (Equation 6), groundwater evaporation (e)
(Equation 7), groundwater withdrawal (or injection) (w) (Equation 8), surface water level (s)
(Equation 9) and underlying linear trend (l) (Equation 10). The form of the various numerical
representations for each of these stresses are as follows:
Precipitation (p)

ℎ∗ (𝑡) = ∫

𝜃 (𝑡 − 𝜏) 𝑝(𝜏)𝑑𝜏, (6)

Evaporation (e)

ℎ∗ (𝑡) = ∫

𝜃 (𝑡 − 𝜏) − 𝑒(𝜏)𝑓𝑑𝜏, (7)

Surface water levels (s)

ℎ∗ (𝑡) = ∫

𝜃 (𝑡 − 𝜏) 𝑆𝑊 (𝜏)𝑑𝜏, (9)

Linear trend (l)

ℎ∗ (𝑡) = ∫

𝛿(𝜏 − 𝑡) 𝑑𝜏, (10)

Where the Pearson type III distribution (Equation 11) is used to describe the response of the
watertable to precipitation:

𝜃 (𝑡) = 𝐴

(

(

)
( )

)

, (11)

where a, n, b and A are fitted parameters and Г is a gamma distribution function. The Pearson
type III distribution is a generalised gamma distribution and is one of the most popular
distributions for hydrologic frequency analysis (Singh, 1997). In the case of evaporation, the
response function is the same as that of rainfall and the reference evaporation series e(τ) is
modified by a reduction factor (f). The evaporation factor (e) is influenced by soil, land cover and
land management and is a non-physical parameter.
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For surface water fluctuation, the analytical solution of well flow in a semi-confined aquifer
(Bruggeman, 1999) is used as defined by Equation 12:
𝜃 (𝑡) = −

𝑒𝑥𝑝 −

−

, (12)

where x is the distance from the observation bore to the surface water feature.
This equation is simplified to derive an abstract form of a parametric impulse response function
similar to von Asmuth (2012) defined by Equation 13:
𝜃 (𝑡) = −

𝑒𝑥𝑝 −

− 𝛽 𝑡 , (13)

where α’, β’ and γ’ are calibratable, non-physical parameters. The parameter α is analogous to
the length scale x, β is analogous to KH and γ is a normalisation parameter. Parameter fitting is
undertaken using the PEST suite of software tools (Doherty, 2015).
Those environmental features which are likely to cause a fluctuation in the watertable level
within the vicinity of the study area may include:






rainfall
evapotranspiration
irrigation of surrounding agricultural land
Murray River water level
underlying regional water level trend

Each is discussed separately below.
Rainfall
Rainfall has the potential to cause direct groundwater recharge to the watertable and thereby
cause a groundwater level fluctuation. Initial analysis of time series rainfall data suggests rainfall
induced groundwater recharge does occur in the groundwater bores. Daily rainfall information is
assessed within the groundwater process simulation section.
Evapotranspiration
Plant water use by evaporative processes and/or direct groundwater evaporation occurs in
locations where the watertable is shallow. The exact depth where evapotranspiration of
groundwater no longer occurs varies according to soil type, vegetation species, etc. For example,
vegetation type can have a significant role in determining the depth of water available for
evapotranspiration (e.g. trees ≈2–10 m). Soil porosity can also cause variation, for example, clay
restricts water movement whereas sand allows movement, however capillary rise is greater in
clay. Daily evaporation variation will be assessed within the groundwater process simulation
section.
Irrigation
Irrigation is likely to increase groundwater level by increasing the amount of groundwater
recharge which occurs. The amount and timing of potential recharge events requires detail
information associated with location, timing and amount of irrigation. There is no district wide
average on this information at the time of this analysis, thereby it has been excluded from the
analysis despite acknowledging that it is an important consideration.
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Surface water gauge
As discussed in previous sections, there may be some relationship between the Murray River
water level and groundwater level. However there is uncertainty of the degree of connectivity
(i.e. what is the dominant process). Daily Murray River water level information is assessed within
the groundwater process simulation section to clarify this uncertainty.
Regional groundwater trend
Regional groundwater trends provide a ‘background’ projection on water level variations which
are not attributed to area-specific environmental factors. The significance of regional
groundwater trends is important when attempting to account for local groundwater water level
contributing processes. Underlying groundwater trend incorporation will be considered for
groundwater process simulation.
Groundwater process simulation results
The factors which cause fluctuation in groundwater level are often the result of several dynamic
relationships, such as rainfall, land use, evaporation and river interaction. Defining the
process(es) which cause the water level variation without the aid of a numerical approach is
challenging due to the complex process interactions.
The TFN approached was developed for analysing unconfined aquifer features. Table A presents
43 unconfined monitored groundwater observation bores which were simulated near Gunbower
Forest. All bores presented have an EVP of >70% (for data between 1990 and 2020), this suggests
all simulations are accurate for review. Von Asmuth et al. (2002) considered an Explained
Variance Percentage (EVP) greater than 70% equated to the dominant water level causing
process to be accounted for at that bore.
Overall, analysis of the data shows rainfall, then the Murray River water level is the dominant
process which contributes to watertable fluctuation (Appendix 4). Interestingly, most bores have
an underlying falling regional trend which is attributed with falling trends of the Calivil/Renmark
depressurisation associated with up-catchment pumping.
Table A Summary of TFN modelling results

Bore
number

Rainfall
percentage
as recharge
(%)

Aquifer

Mean rainfall
groundwater
recharge
(mm/year)

Mean surface
water
groundwater
recharge
(mm/year)

Regional
groundwater trend
(cm/year)(-ve =
falling; green)

6262

Shepparton Fm (upper)

15.0

54.5

2.0

-0.28

6263

Shepparton Fm (upper)

15.0

54.2

0.0

-0.05

6271

Shepparton Fm (lower)

6273

Shepparton Fm (lower)

6281

Shepparton Fm (lower)

11.6

42.1

22.7

-0.09

36072

Shepparton Fm (upper)

2.9

10.4

9.2

-0.31

36074

Coonambidgal Formation

20.6

74.6

5.9

-0.14

36076

Coonambidgal Formation

12.9

46.6

8.2

-1.03

36078

Coonambidgal Formation

7.0

25.5

9.1

-0.16

36080

Coonambidgal Formation

11.3

40.9

4.1

-0.20

0.9
EVP < 70%

3.3
-

36.7
-

-0.05
-
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36081

Shepparton Fm (upper)

36082

Shepparton Fm (upper)

3.3

36084

Coonambidgal Formation

11.4

36086

Coonambidgal Formation

9.0

36087

Shepparton Fm (upper)

36088

Shepparton Fm (upper)

36155

9.4

1.9

0.07

12.1

3.0

-0.10

41.3

11.8

-0.15

32.7

3.0

-0.11

21.3

77.1

16.8

-0.09

9.4

34.2

3.7

-0.38

Coonambidgal Formation

21.4

77.5

28.9

-0.01

36157

Coonambidgal Formation

27.2

98.7

12.5

1.33

36158

Shepparton Fm (upper)

4.8

17.4

0.9

-0.04

36159

Shepparton Fm (upper)

16.3

59.1

14.2

-0.30

36160

Shepparton Fm (upper)

32.0

115.9

3.7

-0.11

36162

Coonambidgal Formation

25.7

93.2

3.9

0.01

36164

Coonambidgal Formation

36166

Coonambidgal Formation

36168

Coonambidgal Formation

36170

Coonambidgal Formation

8.7

31.5

12.3

-0.54

40315

Shepparton Fm (upper)

7.4

26.9

2.4

-0.59

40316

Shepparton Fm (upper)

9.1

33.1

4.2

-0.09

40317

Shepparton Fm (upper)

0.5

1.9

5.4

-0.12

40320

Shepparton Fm (upper)

3.8

13.8

13.0

-0.21

40321

Shepparton Fm (upper)

4.1

14.9

8.6

-0.01

40322

Shepparton Fm (upper)

1.8

6.4

12.2

0.02

40323

Shepparton Fm (upper)

52.1

188.8

3.5

0.19

66515

Shepparton Fm (upper)

45.9

166.3

3.7

-0.11

82754

Shepparton Fm (upper)

2.0

7.1

38.0

-0.16
-0.28

EVP < 70%

34.1

3.1

EVP < 70%

-

-

11.1

-

6.5

-

-0.07

-

87809

Shepparton Fm (upper)

6.6

23.9

5.6

128273

Shepparton Fm (upper)

4.7

17.0

14.9

-0.14

128274

Coonambidgal Formation

5.7

20.7

6.8

-0.24

128276

Coonambidgal Formation

73.5

266.5

0.2

-1.15

128277

Coonambidgal Formation

3.4

12.3

9.6

-0.22

128278

Coonambidgal Formation

52.2

189.4

11.1

-0.11
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Appendix 4 - TFN response outputs
Bore # 6262
Rainfall

Job

Document

Status

Version

Date

Page

NORTH CENTRAL CMA
Gunbower Forest
monitoring review 2020

Gunbower_HGEC2020.doc

FINAL

1.5

16
November
2020

Page 94 of
135

Bore # 6263
Rainfall and evapotranspiration
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Bore # 6271
Surface water and rainfall
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Bore # 6273
Surface water
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Bore # 6281
Rainfall and evapotranspiration
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Bore # 36072
surface water and rainfall
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Bore # 36074
Rainfall and evapotranspiration
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Bore # 36076
Rainfall and evapotranspiration
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Bore # 36078
Rainfall
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Bore # 36080
Rainfall and evapotranspiration
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Bore # 36081
Rainfall and evapotranspiration

Job

Document

Status

Version

Date

Page

NORTH CENTRAL CMA
Gunbower Forest
monitoring review 2020

Gunbower_HGEC2020.doc

FINAL

1.5

16
November
2020

Page 104 of
135

Bore # 36082
Rainfall and evapotranspiration
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Bore # 36084
Surface water
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Bore # 36086
Rainfall and evapotranspiration
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Bore # 36087
Rainfall and evapotranspiration
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Bore # 36088
Rainfall
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Bore # 36155
Surface water and evapotranspiration
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Bore # 36157
Surface water
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Bore # 36158
Rainfall and evapotranspiration
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Bore # 36159
Surface water
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Bore # 36160
Rainfall and evapotranspiration
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Bore # 36162
Rainfall and evapotranspiration
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Bore # 36164
Rainfall and evapotranspiration
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Bore # 36166
Surface water
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Bore # 36168
Surface water and evapotranspiration
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Bore # 36170
Rainfall and evapotranspiration
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Bore # 128278
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