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Executive summary 
Forestry Corporation of NSW (Forestry Corporation) commissioned GHD to review groundwater 

levels within the Koondrook-Perricoota Forest (KPF) in relation to controlled flooding of the 

Murray River. The works were required to provide some insight into the potential for KPF 

flooding to cause deterioration of adjacent farmlands (i.e. as a result of waterlogging and / or the 

mobilisation of ground salts). 

The investigation including the following key tasks: 

 Review prior reports by Salient Solutions (2007 and 2008)  

 Collating groundwater data covering the period 2011 to 2018 for 30 wells located within the 

KPF.  

 Collating surface water flow and salinity data and rainfall data to compare against the 

groundwater data. 

 Visually and statistically interpreting the collated data to characterise the potential impacts 

of the flooding in the KPF on groundwater elevations and salt transport. 

 Reporting on the findings of the investigation (this report) 

The investigation findings suggest that groundwater inputs to the KPF are primarily associated 

with flow from irrigated farmlands to the northeast and from internal creeks during flood events 

in the KPF. 

Groundwater elevations in wells are generally stable during the monitoring period suggesting no 

long term rise in groundwater elevations associated with the KPF flooding scheme that could 

represent a longer term flooding risk to up-gradient farmland. This is supported by the relatively 

stable groundwater levels of between 6.4 to 7.7 m btoc, for the three bores located on farmland 

to the north of the KPF (Goudie, Heffer and McConnell).  There is a short- to medium-term 

groundwater elevation response to rainfall of generally less than a metre at the boundary 

between the KPF and the up-gradient farmland.  Due to the depth to groundwater (around 9 m 

bgl) this response is unlikely to result in flooding impacts in the irrigated land immediately up-

gradient, however it is not clear what the impacts will be further up-gradient. 

The data trends suggest that the Murray River is not a primary source of groundwater recharge 

(inputs). 

While groundwater flows beneath the KPF toward the Murray River the data suggest that 

groundwater does not discharge to the Murray River, but there is some uncertainty in the 

elevations of the Murray River relative to groundwater elevations.  Salient Solutions suggested 

that the groundwater table is expected to rise within the Gunbower Forest to the south west of 

the Murray River.  If this occurs groundwater discharge is expected be to the northwest beneath 

the Murray River, but this is yet to be characterised with confidence.   

A groundwater depression in the KPF suggests that transpiration effects in the KPF may be a 

primary pathway for groundwater loss from the system, although the forest vegetation would 

need to extend to average depths of 9 m bgl to intercept groundwater.   

Due to the surface water geomorphology (eg. discharge from the KPF is expected to be toward 

Wakool River rather the Murray River) and the current salt and flow monitoring locations an 

adequate assessment of the salt inputs and outputs from the KPF cannot be made.  

The following recommendations are made to further develop the conceptual hydrogeological 

model for the KPF: 
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 Further understanding of the surface water inputs and outputs (water balance) would inform 

a better understanding of the salt loads and contributions to groundwater.  Key information 

that would inform the water balance include: 

– A review of existing surface water models developed for the KPF flooding scheme if 

available.  

–  Characterisation of the main inflow areas to the KPF. For example, characterising 

where flooding into the KPF primarily occurs along the River (including via the Off-take) 

– Characterisation of the main discharge points (outputs) from the KPF, which would 

help to understand potential discharges to the Murray River and subsequent salt loads.  

– Monitoring of flows and salinity at inflow and outflow to establish a surface water and 

salt balance for the KPF. Further assessment of salt loads on the Wakool River at Gee 

Gee Bridge (409062) might support this. 

 To better relate groundwater elevations and surface water elevations in the Murray River a 

bathymetry survey of the Murray River between the KPF Offtake and Barham coupled with 

spot water level surveys should be completed, with particular focus on where the 

groundwater bore transects intersect the River.  The water levels should be corrected 

against water levels changes at an existing monitoring location.  This will help establish 

relative changes in river levels along the KPF. 

 Groundwater monitoring bores in the Gunbower Forest could be collated and assessed in 

tandem with the groundwater bore transects in the KPF to better understand the expected 

discharge patterns for groundwater in this area.  This would help to characterise the effects 

of forest transpiration on groundwater discharge.   

 A numerical groundwater model to holistically characterise the relationships between 

recharge sources and discharge points would help to quantify the primary inputs and 

outputs (the water balance), including discharge via transpiration effects. 

 A numerical groundwater model would also help to quantify impacts to up-gradient farming 

areas. 
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1. Introduction 
Forestry Corporation of NSW (Forestry Corporation) commissioned GHD to review groundwater 

levels within the Koondrook-Perricoota Forest (KPF) in relation to controlled flooding of the 

Murray River. The works were required to provide some insight into the potential for forest 

flooding to cause deterioration of adjacent farmlands (i.e. as a result of waterlogging and / or the 

mobilisation of ground salts). 

The KPF lies on the northern side of the Murray River covering an area of 32,000 hectares and 

forms part of the NSW Central Murray State Forest (Figure 1-1).  

  

Figure 1-1 Locality map showing the Koondrook-Perricoota State Forest 

1.1 Background 

Controlled flooding has been proposed as part of the Living Murray river restoration project (the 

project) which aims to improve the ecological condition of six icon sites selected as significant 

forests, wetlands and lakes along the River Murray. The KPF forms part of Australia’s second 

largest River Red Gum Forests and one of these six icon sites. 

Prior to river regulation, the KPF experienced regular flooding of three to five month duration 

(Salient Solutions, 2007). This frequency has since reduced considerably resulting in a decline 

in ecosystem health (specifically River Red Gum health). 

The Living Murray Project (undertaken by Department of Natural Resources) implemented 

structural works to redirect water from the Torrumbarry Weir into the KPF and control flooding. 

Flooding events are recorded by a flow gauge at the Torrumbarry Weir and defined as flows 

above 20,000 ML/d. Flooding can be induced via Torrumbarry Weir and associated 

infrastructure including a channel that diverts water from the Murray River through the forest. To 

date, one artificial flooding event occurred in 2014 (equivalent to around 22,000 ML/d).  
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1.2 Objective 

The primary objective of the assessment was to analyse and report on existing groundwater 

level data from the Koondrook- Perricoota (KP) forest, with a particular focus on assessing: 

 The interaction between surface water flooding and groundwater level and provide 

comment on the potential of waterlogging on neighbouring farmland.  

 The potential impact of flooding on salt export within soil strata. 

1.3 Scope of work 

To address the assessment objective Forestry Corporation identified the following key tasks: 

 Review prior reports by Salient Solutions (2007 and 2008)  

 Obtain and present groundwater data 

 Compare groundwater levels with flow/flood data (primarily flow downstream of 

Torrumbarry Weir). 

 Comment on any interaction between surface flooding and groundwater level. 

 Update the conceptual model presented in Salient Solutions (2008). 

 Comment on the likely impact of flooding on salt export from groundwater. 

 Comment on the likely impact of flooding on waterlogging of neighbouring farmland. 

The methods adopted to address this scope of work is presented in Section 2 

1.4 Limitations 

This report: has been prepared by GHD for Forestry Corporation New South Wales and may only be used 
and relied on by Forestry Corporation New South Wales for the purpose agreed between GHD and the 
Forestry Corporation New South Wales as set out in section 1.3 and Section 2 of this report. 

GHD otherwise disclaims responsibility to any person other than Forestry Corporation New South Wales 
arising in connection with this report. GHD also excludes implied warranties and conditions, to the extent 
legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically 
detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered 
and information reviewed at the date of preparation of the report.  GHD has no responsibility or obligation 
to update this report to account for events or changes occurring subsequent to the date that the report was 
prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by 
GHD described in this report.  GHD disclaims liability arising from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Forestry Corporation New South 
Wales and others who provided information to GHD (including Government authorities)], which GHD has 
not independently verified or checked beyond the agreed scope of work. GHD does not accept liability in 
connection with such unverified information, including errors and omissions in the report which were 
caused by errors or omissions in that information. 

1.5 Copyright and disclaimers 

© Forestry Corporation New South Wales 
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With the exception of the Commonwealth Coat of Arms, the Murray-Darling Basin Authority 

logo, photographs, all material presented in this document is provided under a Creative 

Commons Attribution 4.0 International licence. (https://creativecommons.org/licenses/by/4.0/) . 

For the avoidance of any doubt, this licence only applies to the material set out in this 

document. 

 

 

 

The details of the licence are available on the Creative Commons website (accessible using the 

links provided) as is the full legal code for the CC BY 4.0 licence 

(https://creativecommons.org/licenses/by/4.0/legalcode ). 

MDBA’s preference is that this publication be attributed (and any material sourced from it) using 

the following: 

Publication title: Koondrook – Perricoota Forest: Groundwater response to flood events 

assessment 

Source: Licensed from the Forestry Corporation New South Wales under a Creative Commons 

Attribution 4.0 International Licence 

The contents of this publication do not purport to represent the position of the Commonwealth of 

Australia or the MDBA in any way and are presented for the purpose of informing and 

stimulating discussion for improved management of Basin's natural resources. 

To the extent permitted by law, the copyright holders (including its employees and consultants) 

exclude all liability to any person for any consequences, including but not limited to all losses, 

damages, costs, expenses and any other compensation, arising directly or indirectly from using 

this report (in part or in whole) and any information or material contained in it. 

Contact us 

Inquiries regarding the licence and any use of the document are welcome at: 

Forestry Corporation New South Wales 

121 -131 Oratava Ave 

West Pennant Hills 

Phone: 02 9872 0111 

Email: info@fc.nsw.com.au 

This project was funded by The Living Murray. The Living Murray is a joint initiative funded by 

the New South Wales, Victorian, South Australian, Australian Capital Territory and 

Commonwealth Governments, coordinated by the Murray–Darling Basin Authority 
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2. Methodology 
To meet the objectives and scope of work requested by Forestry NSW (presented in Sections 

1.1 and 1.3) GHD undertook the following key tasks: 

 Task 1 – Report Review  

 Task 2 – Data Collation 

 Task 3 – Data Analysis 

 Task 4 – Reporting (this report) 

Further detail on the works completed for each task are presented in the following subsections. 

2.1 Task 1 - Report review 

The desk top review included reviewing the following reports: 

 Salient Solutions, 2007, Assessment of salinity impacts of enhanced flooding in the 

Koondrook Perricoota Forest on the Wakool and Murray Rivers, unpublished 

 Salient Solutions, 2008, Koondrook Perricoota Forest Shallow Drilling Completion Report, 

unpublished 

A general review of aerial information available on google maps was also completed. 

2.2 Task 2 – Data Collation 

GHD obtained real-time data series from the Department of Primary Industries website 

(http://allwaterdata.water.nsw.gov.au/water.stm) for 30 monitoring bores within the vicinity of the 

project, and as data spreadsheets from Forestry Corporation. Details of the bore IDs were 

provided by Forestry Corporation.  

Further to this relevant river flow/elevation and river salinity data located in the online data 

bases listed below was downloaded for comparison against groundwater elevations. 

 The Murray-Darling Basin Authority’s live online database of Murray-Darling storage, river 

gauge and weir data (https://riverdata.mdba.gov.au/list-view) 

 The WaterNSW live online database of state wide river gauge data 

(https://www.waternsw.com.au/supply/real-time-data) 

 Scientific Information for Land Owners (SILO) climate data (SILO, 2018) 

(https://data.qld.gov.au/en/dataset/silo-climate-database) 

This included the river elevation and/or salinity data for Torrumbarry Weir, Barham Township, 

Barbers Pool and the KPF offtake.   

The groundwater monitoring bores and the river monitoring locations are presented in Figure 

2-1.  Other locations that are potential surface water discharge points the KPF are also 

presented in Figure 2-1. 

  



Figure 2-1
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2.3 Task 3 – Data Interpretation 

2.3.1 Assessment of groundwater levels, river flows and rainfall  

A graphical approach was adopted to characterise rainfall, flooding and groundwater level 

response and subsequently inform the potential effects of flooding in the KPF on the wider 

environment (such as water logging on neighbouring properties).  This has been supported by a 

regression analysis where possible to facilitate further characterisation of rainfall relative to 

flooding response.   

Table 2-1 below provides a description of the plots that have been developed and the primary 

rationale behind their development. 

Table 2-1 Groundwater assessment interpretation outputs 

Plot Description Rationale Data included 

Temporal plots of 

groundwater, 

rainfall and flood 

events. 

To characterise temporal 

and spatial response 

associated rainfall and 

flooding. The basis for this 

was to isolate artificial 

flooding response and 

understand the potential 

impacts of this on the 

surrounding groundwater 

systems. 

Groundwater elevation data for bores in seven 

transects (six plots) trending north (and 

perpendicular) from Murray River through the 

forest.  

The plots included data for the period June 

2011 to June 2017. 

The bores in each plot have been colour coded 

with distance away from Murray River to 

understand potential spatial variation in 

groundwater elevations relative to stream 

features. 

Murray River flow data and the flow that 

represents initiation of flooding in the forest 

(interpreted to be approximately 20,000 

ML/day). 

Regression (HARTT) analysis and subsequent 

groundwater elevation predictions associated 

with rainfall response to further isolate 

individual bore responses associated with 

flooding. Further clarification of the HARTT 

analysis method is provided in Section 2.3.2 

Spatial plots of 

groundwater 

elevations (m 

AHD)  

To provide an updated 

understanding of 

groundwater flow conditions 

relative to Salient Solutions 

(2007 and 2008) findings 

Groundwater elevation in m AHD provided for 

all bores. 

Data representing the average groundwater 

elevation for all bores 
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Plot Description Rationale Data included 

Spatial plots of the 

range in 

groundwater bore 

level response (m) 

To understand relationship 

between groundwater 

elevations and flooding in 

the KPF and subsequently 

the potential for surrounding 

groundwater flooding. 

Range in each bore over the monitoring period 

Scatter plots of 

average 

groundwater level 

and distance from 

Murray River 

To characterise the 

relationship between 

groundwater elevations with 

depth. 

Groundwater bore depth. 

Groundwater elevation in m bgl. 

Tabulated HARTT 

results 

To characterise the 

relationship between 

groundwater response to 

either rainfall or flooding 

events. 

Rainfall or flooding on groundwater response 

lag and magnitude. 

Rainfall and flooding correlation coefficients.  

2.3.2 Hydrograph analysis and time trend 

Background 

To provide further clarification of the potential changes in groundwater levels related to flooding 

as opposed to rainfall, a groundwater level regression tool referred to as HARTT (Hydrograph 

Analysis: Rainfall and Time Trends - Ferdowsian et al, 2000) was completed.  This regression 

tool predicts groundwater elevations based on rainfall.  Where there is a departure from 

predicted versus actual groundwater elevations there is evidence that groundwater elevation 

response is associated with other factors such as flooding or abstraction (such as for irrigation 

or groundwater sampling purposes).  Further detail on the HARTT analysis is provided in the 

following section. 

HARTT has two primary components it assesses. These include: 

 The magnitude of the rainfall response in groundwater elevations.  

 The timing of the rainfall response in groundwater.   

HARTT assessment method 

HARTT is based on assessing the individual response for the hydrograph at a single locations.  

As such the assessment was completed on each of the 30 bores separately.  

HARTT uses a multivariable regression to find the best fitting Intercept (approximately equal to 

the first groundwater level record), rainfall coefficient  and time coefficient  that satisfy the 

equation: 

Depth Intercept  

where  is time,  is the accumulative residual rainfall and  is the rainfall lag. 

Accumulative residual rainfall is a measure of the accumulated deficit or surplus of rainfall at a 

particular time, relative to average rainfall. There are two slightly different methods, on a 

monthly basis (AMRR): 
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and an annual basis (AARR): 

/12  

The regression was trialled for both AMRR and AARR for a range of lags up to 12 months. The 

lag and method (AMRR or AARR) that produced the best fit, was selected. AMRR and AARR 

were calculated from SILO patched point data for the rainfall gauge closest to the centroid of the 

study area, Koondrook State Forest (Station 75038) (SILO, 2018). Monthly rainfall totals and the 

ARR is presented in Figure 2-2 for the entire rainfall record available. 

 

 

Figure 2-2  Rainfall data and accumulative residual rainfall 

Flooding analysis 

In order to consider the influence of flooding, HARTT was repeated, except with the 

accumulative residual rainfall, replaced with accumulative residual flooding (ARF). “Flooding” 

was defined as a binary variable, with the value of 100 whenever river flows exceeded the 

threshold of 20 000 ML/day and 0 whenever flows were less than 20 000 ML/day. The flow data 

was from the Torrumbarry Weir gauge (MDBA, 2018). River flows and ARF are presented in 

Figure 2-3 for the entire flow record available. 
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Figure 2-3  River flow data and accumulative residual flooding 

Statistical analysis 

HARTT analysis 

For both the rainfall and flooding analysis, the fit of the regression to the observed groundwater 

level was measured using the coefficient of correlation ( ).  is the proportion of variance in 

the dependent variable, in this case groundwater level, that is predicted from the independent 

variables, in this case accumulative residual rainfall/flooding and time. Higher  values indicate 

that hydrographs can be reasonably modelled with these dependent variables. Lower  values 

indicate the groundwater level data cannot be accurately modelled by these dependent 

variables and that other factors are more influential (such as surface water interaction and 

groundwater abstraction). 

The probability value ( -value) measures the probability that the coefficient has no effect (the 

null hypothesis). -value below the significance level of 0.05 reject the null hypothesis and 

indicate the coefficient is meaningful to the model. 

Spatial analysis 

In addition to the HARTT analysis, a separate statistical regression analysis was performed to 

examine the nature of any relationships between the spatial parameters at each bore (depth, 

distance from the Murray River and distance from the Torrumbarry Weir) and the average 

groundwater or salinity levels.  

This analysis involved a simple regression between the spatial parameter and average 

groundwater or salinity level. The fit of the regression between the two spatial parameter and 

the average groundwater level was also measured using the coefficient of correlation ( ).  
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2.3.3 Salinisation Assessment 

To provide an understanding of salinisation, a comparison of cumulative salt loads was 

undertaken. The salt loads passing Barham and Torrumbarry Weir were graphed with flows to 

show whether the reach is gaining or releasing salt loads in different flow regimes. 

A statistical analysis was then undertaken in which a simple regression analysis between bore 

salinity and several spatial parameters was performed. The spatial parameters included: 

 the distance of the bore from the Torrumbarry Weir  

 the distance of the bore from the Murray River  

 bore depth 

The fit of the regression between the spatial parameter and the distance from the weir was also 

measured using the coefficient of correlation ( ).  

2.4 Task 4 – Reporting 
This report has been developed to describe the works undertaken for Tasks 1 to 3 above. 

As required in the scope the report findings have focused on:  

1. Summarising the previous salient solutions report for the KPF (see sections 3 and Error! 

Reference source not found.) 

2. Comparison of groundwater levels with flow/flood data (primarily flow downstream of 

Torrumbarry Weir) – see Sections 4 and Error! Reference source not found..  

3. Interaction between surface flooding and groundwater level (see Section 4). 

4. Revisions of the conceptual model presented in Salient Solutions (2008) – see Section 6. 

5. The apparent impacts of any flooding on salt export from/to groundwater (see Section 

Error! Reference source not found.). 

6. The impact of flooding on waterlogging of neighbouring farmland (see Section 7). 
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3. Desktop Review 
3.1 Site Location 

The KPF spans the NSW and Victoria state boundary from the Torrumbarry in the south to 

Barham in the north, some 800 km southwest of Sydney and 300 km north of Melbourne. The 

state divide is based on the Murray River, which flows directly through the forest in a north, 

north-western direction. 

3.2 Topography 

The KPF is relatively flat across the whole area and approximately 60-80 m AHD. The KPF is 

lower in elevation than the banks / levees of the Murray River and the internal creeks of the KPF 

allowing the water to pool within the forest. Salient Solutions (2007) produced topographic cross 

sections that shows that the levee banks associated with the Murray River are elevated above 

the majority for the KPF area and further downstream towards Barham the difference in 

elevation between the two decreases.  

3.3 Surface water features 

The KPF flanks the northern border of the Murray River between Torrumbarry and Barham, a 

distance of approximately 50 km.  

The KPF has a flood management scheme that facilitates flooding of the forest, to better 

represent historical conditions and support forest health. The scheme consists of a perimeter 

wall that can be used to trap flood waters.   

Flooding is expected to occur via the constructed KPF off-take located approximately 1 km 

above Torrumbarry Weir. The off-take drains to Bullock Head Stream which discharges through 

central areas of the KPF.  A number of other streams also discharge through the KPF with the 

main stream discharging from the scheme being Barbers Creek.  A monitoring location called 

Barbers Pool is located at this discharge point.  There appear to be four other discharge points 

from the scheme including one approximately two thirds of the distance along the scheme from 

the upstream boundary (Thule Creek), one about 700 m southwest (unknown name) of Barbers 

Pool, another 500 m north east (Cow Creek) of Barbers Pool, and one about 700 m north east  

of Barbers Pool (Calf Creek).  These locations appear to discharge to the northwest into Wakool 

River which enters the Murray River approximately 120 km downstream of Barham. 

There is a discharge point from the downstream end of the KPF to the Murray River 

approximately 15 km upstream of Barham. This forms part of the flooding scheme allowing for 

flood water in the KPF to escape back to the Murray River, and is not used during natural 

floods. 

The locations of surface water monitoring sites are presented in Figure 2-1. 

Available elevation data for the Weirs is presented in Table 3-1 and suggests that the Murray 

River elevation ranges between approximately 83 m AHD upstream of Torrumbarry Weir and 

approximately 72 m AHD m at Barham.  

The levee banks of the Murray River approximate 80 m AHD (NSW spatial services, 

https://maps.six.nsw.gov.au/) with the depth of the Murray River averaging 3 metres with deeper 

pools averaging 4 m and with a maximum depth of 8 m (Victorian Fisheries Authority). 
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Table 3-1  Surface water monitoring locations 

Location Elevation Elevation 

description 

Source Additional 

comments 

Barbers Pool 71.0 m AHD Zero gauge Water NSW real 

time data 

website 

Cease to flow 

level is at 71.90 

m AHD. 

KPF off-take 82.766 m AHD Zero gauge Water NSW real 

time data 

website 

Cease to flow 

level is 0.097 m 

above the zero 

gauge.  

Barham 71.280 m AHD Zero gauge Water NSW real 

time data 

website 

Cease to flow 

level is 0.002 m 

above the zero 

gauge.  

Torrumbarry 

Weir Upstream 

84.94 m AHD Minimum water 

level over a 

period from 

1987 to 2018 

River Murray 

data on the 

Murray Darling 

Basin Authority 

website 

There is 

expected to be 

an approximate 

4 m drop from 

the upstream to 

downstream 

side of the weir. 

Further discussion of river flow and river salinity changes associated with the KPF are provided 

in Sections 4 and 5.  It is noted that Gunbower Creek located to the south west of the Murray 

River in Victoria discharges into the Murray River just upstream of Barham.  This may contribute 

to flow and salinity differences in the river between Torrumbarry Weir and Barham. 

3.4 Geology 

The KPF is located within the Murray Geological Basin, on the western margin of the Riverine 

Plain close to the boundary with the Mallee Region. 

Riverine Plain comprises three main sedimentary units – The Renmark group, overlain by the 

Calivil Formation (sand, gravel and minor clay), overlain by the Shepparton Formation (finer 

grained than Calivil). All units comprise alluvial sediments. The Shepparton Formation comp-

rises predominantly medium to heavy clays with some sand bodies interspersed (Salient 

Solutions, 2007). The Renmark group is described by Geoscience Australia (2014) to comprise 

gravel, quartz sand, silt and clay, and be pyritic, ferruginised, unconsolidated to poorly 

consolidated. 

The Mallee region comprises three main sedimentary units – The basal Renmark Group, 

overlain by the Murray Group (marine sediments, clays and marls), overlain by Parilla Sand 

(thinly bedded sand, silt and clay). All units also comprise alluvial sediments. 

The boundary between the Calivil/Shepparton Formations and the Parilla Sand occurs directly 

beneath the KPF (Salient Solutions, 2007). 

A conceptual depiction of the lithology underlying the KPF is presented in Figure 3-1 Error! 

Reference source not found.. 
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Thirty bores were drilled at 22 sites across the KPF (Salient Solutions 2008), aligned with drill 

sections that continued in the Gunbower Forest (Victorian side of the Murray River). The 

general lithological sequence intercepted comprised: 

 Surface clay or sandy clay, with clay percentages approximating 60% (2.5 to 5 m thick) 

 Red to orange, fine to coarse sand varying in silt and clay (2 to 6 m thick) 

 Red-brown, hard clay, sometimes ferrungised, sometimes layered with grey plastic clay; 

OR Grey-brown to orange soft clay (4 to 13 m thick) 

 Sand, clayey sand and sandy clay at depth (with no consistent pattern of occurrence 

observed). 
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Figure 3-1 Lithological cross section between Koondrook Perricoota Forest 
monitoring bores 36772 and 36775 (Source: Salient Solutions, 
2007) 

3.4.1 Ancestral Streams 

Pels (1966) described the presence of linear channels of shallow sand deposits termed 

ancestral streams, existing within the area. Brown and Stephenson (1991) described these 

channels as up to 20 m thick and comprising coarse grained sand and gravel grading upwards 

to silty sand and silty clay. 

Investigations undertaken by Salient Solutions (2007 and 2008) reported the presence of these 

bodies to be unconvincing. Inference of such a stream along the course of Barbers Creek was 

made based on notable differences in morphology. Conversely no such bodies were reported to 

occur in the Murray River upstream of the Barbers Creek off-take, as confirmed by drilling. On 

this basis, consideration of such streams is not continued beyond this point. 

3.5 Hydrogeology 

Salient Solutions (2008) installed 30 monitoring bores across the KPF, in general the first water 

intersected was screened, except in the instance where deeper bores were paired with shallow 

bores near the rivers. In these instances, the next sand interval separated by a clay layer was 

screened. 

Bores extended 8.5 to 28 m bgl and were screened within the clays, sands and silts identified in 

Section 3.4 above. 

3.6 Groundwater Elevations 

3.6.1 Salient Solutions (2007) 

Spatial trends 

Groundwater contour mapping undertaken by Salient Solutions (2007) indicated that 

groundwater flow was driven by irrigation occurring on both sides of the Murray River, and 

possibly encouraged by evapotranspiration from the KPF. Groundwater generally flowed from 

the south and east to the north and west, towards the Murray River. The hydraulic gradient was 

noted to be higher than the topographic gradient (Salient Solutions, 2007). 

Salient Solutions (2007) stated groundwater was present at depths that prevented evaporation 

through the capillary fringe. Water loss was therefore concluded to be via transpiration beneath 

the forest, or via outflow parallel with the Murray River. Work by Bren (1988) shows that 

substantial increases in soil moisture following flooding is associated with strong growth of red 

gum plant communities and that during periods without flooding, there is little variation in soil 

moisture. Bren (1988) suggests that the red gum utilises the flood water opportunistically, 

transpiring at the maximum physiological rate. Bacon et al (1993) note that surveys of river red 

gums by Davies (1953), show roots that extend at least 10 m below surface. This is supported 

by Bren (1988) who indicates that these “sinker roots” likely pass into aquifers. 

Discharge to the Murray River was reported to occur from groundwater mounds associated with 

irrigation in downstream areas (northwest extremity of BarhamError! Reference source not 

found.).  It was also noted that groundwater elevations generally ranged between 6 and 8 

metres below ground surface (Salient Solutions, 2007Error! Reference source not found.). 

A major reversal of vertical hydraulic gradient (from upward to downward) between shallow and 

deep aquifers underneath the KPF had been observed since circa 1994 (Salient Solutions, 

2007). 
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Figure 3-2 Depth to Groundwater beneath the KPF (source Salient Solutions, 
2007) 

Hydrographs 

Interpretation of time series groundwater level data indicated the following: 

 Upstream areas 

– The Murray River level was generally 3 m above surrounding groundwater elevations. 

As such the river was interpreted to be perched above the groundwater table. 

– Water levels in NSW bores showed a falling trend of approximately 2 m over the data 

record (30+ years) 

– Water levels in Victorian bores were more responsive to flood events though notably 

these bores were located on the Murray River banks 
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– Groundwater flow was towards the Murray River and into the forest (in some 

locations). The flow towards the forest was hypothesised to be a result of transpiration 

from the forest. 

 Downstream areas 

– Fluctuation in groundwater inconsistently coincided with larger river flows 

– Groundwater flow was towards the forest at its north-eastern end (near Barham) from 

an area of groundwater mounding 

Flooding effects 

Interpolated (source unknown) river stage heights were plotted with groundwater levels. The 

river water level was estimated using a proportional distance approach. At no location was the 

river interpreted to intercept groundwater and was generally 3 m higher. Groundwater was 

concluded to not be discharging to the river.  

Water table levels were not gauged directly during flood events however variance in amplitude 

around flood events was observed to be small (<1 m). Further all bores displayed decreasing 

trends (varying 0.5 to 4 m) since a high flow event in 1996 inferred as a result of decreasing 

flood frequency. 

Nested bores showed variable vertical gradients, both downward and upward though upward 

gradients were declining, and in some casing reversing, with decreasing water levels. The 

reduction in water levels was linked to the reduced flooding frequency and abstraction activities 

for irrigation though neither link was able to be consolidated using the data available. 

Water levels proximal to the river were observed to show a response to high river flows. 

Bores proximal to the river were noted to show a correlation between water rise and river flows 

indicative of groundwater recharge effects. Recharge was estimated for a range of specific 

yields (0.15 and 0.25) based on the degree of rise in bores bordering the river during maximum 

flow events recorded at a downstream (D/S) Torrumbarry location. Recharge estimates were 

found to be wide ranging depending on specific yield used. 

3.6.2 Salient Solutions (2008) 

Salient solutions were able to provide more detailed characterisation of groundwater elevations 

associated with the installation of an additional 30 monitoring bores. Groundwater was noted to 

be intercepted deeper than expected (at depths between 10 and 13 m bgl). No perched water 

was identified. 

A groundwater elevation depression centred on the KPF was identified (~12 m bgl) and limited 

hydraulic connection with the Murray River confirmed. Higher elevations surrounding the forest 

(2 to 4 m bgl) were attributed to mounding resulting from irrigation activities. The depth beneath 

the KPF was assumed to represent pre-irrigation levels across the region. 

Upward vertical gradients were identified at all nested bore locations ranging from 14 cm to 3 m. 

This information was compared to that of the 2007 report and the conclusion drawn that 

gradient reversal was not yet widespread. 
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3.7 Groundwater Salinity 

3.7.1 Salient Solutions (2007) 

Groundwater 

Regional groundwater salinity data was contoured across the KPF. No data from within the KPF 

was reviewed. Water quality was observed to range from fresh to saline (1,000 to 60,000 

µS/cm) regionally. Within the KPF this range was inferred to be 1,000 µS/cm to 30,000 µS/cm. 

The report described three possible processes for salt delivery to the Murray River during flood 

events, including: 

 Direct discharge from the water table.  

 Preferential through-flow via a postulated Barbers Creek ancestral channel.  

 Surface runoff. 

Direct discharge was discounted in the absence of connection between the river and the water 

table. A 3 m rise in water levels, not observed in historical data, would be required to support 

this process. 

Hypothesised preferential through-flow was identified as a potential process for salt discharge 

from the area and is not considered further in terms of raising salt up the soil profile nor leading 

to salt accumulation within the system. The Wakool River system was suggested as a possible 

outlet for any such discharge. 

Limited data was available for the review of surface runoff hence external data, taken from a 

South Australian site (Chowilla floodplain) was relied on to estimate salt loading from soil to 

groundwater. This was estimated to be 0.04 kg/ha/day with a total salt export overland from the 

northern end of the KPF of approximately 46 t/100 days every 3 years (from an area of 115.5 

km2). 

Modelling results predicted salinity impacts were below the Basin Salinity Management Strategy 

(BSMS) trigger levels and hence no salinity risk was reported.  
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Figure 3-3 Inferred groundwater salinity (Salient Solutions, 2007) 

Soil Salinity 

Soil salinities were assessed at 12 locations (10 m depth) within the Koondrook Forest. Profiles 

correlated to clay content with near surface salinity being low, peaking between 0.1 to 0.75 m 

below ground and decreasing thereafter. Lateral flow was inferred to occur in sandier layers 

above the water table. 

3.7.2 Salient Solutions, 2008 

Groundwater  

The salinity of the groundwater from each bore drilled in the KPF was measured by Salient 

Solutions (2008). Table 3-2Error! Reference source not found. summarises the data, which 

includes bore depth and salinity. The bore depth was used to categorise the bores into either 

deep or shallow by using 15 m as the threshold between the two.  

Groundwater salinity levels were observed to be highly variable (1,550 mg/L to 24,200 mg/L) 

with no discernible spatial pattern. This variation was deemed natural. These values are 

generally high when compared to Murray River water quality which generally ranges from 30 

mg/L to 150 mg/L. 

Vertical differences were identified in a relationship that reversed at each end of the KPF. 

Deeper groundwater was higher in salinity in comparison to shallow groundwater at the northern 
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(downstream) end, and shallower groundwater was higher in salinity in comparison to deeper 

groundwater at the southern (upstream) end. The cause of such relationship was not identified. 

Table 3-2   Bore salinity data  

Bore ID Top of casing 
(m AHD) 

Depth (m) Target aquifer Salinity (mg/L) 
(Salient 
Solutions, 
2008) 

KPF1A GW503647 77.81 25.83 Deep 7610 

KPF1B GW503648 77.85 18.2 Deep 7840 

KPF2 GW503649 77.94 16.2 Deep 1550 

KPF3 GW503650 77.83 11.3 Shallow 5880 

KPF4A GW503651 79.04 30.69 Deep 13600 

KPF4B GW503652 79.11 14.2 Shallow 6350 

KPF5 GW503653 79.22 19.1 Deep 10300 

KPF6 GW503654 79.02 16.25 Deep 15000 

KPF7A GW503656 80.74 30.66 Deep 20300 

KPF7B GW503657 80.73 14.67 Shallow 4660 

KPF8 GW503658 79.73 14.84 Shallow 18200 

KPF9 GW503659 79.07 14.19 Shallow 13900 

KPF10 GW503660 80.31 13.33 Shallow 16500 

KPF11A GW503661 82.23 29.78 Deep 11700 

KPF11B GW503662 82.17 20.8 Deep 10500 

KPF12 GW503663 81.35 14.01 Shallow 17800 

KPF13 GW503665 81.02 13.65 Shallow 20100 

KPF14 GW503666 81.31 14.64 Shallow 23100 

KPF15A GW503667 82.84 25.71 Deep 18500 

KPF15B GW503668 82.85 19.71 Deep 20200 

KPF16 GW503669 82.61 15.04 Deep 2880 

KPF17 GW503670 82.19 11.7 Shallow 21600 

KPF18 GW503671 82.82 12.8 Shallow 24200 

KPF19A GW503672 84.02 19.8 Deep 3330 

KPF19B GW503673 83.98 14.76 Shallow 9830 

KPF20A GW503675 84.48 24.73 Deep 16400 

KPF20B GW503677 84.46 15.71 Deep 21200 

KPF21 GW503678 83.85 14.51 Shallow 15100 

KPF22A GW503679 84.99 30.65 Deep 13800 

KPF22B GW503680 84.86 14.64 Shallow 16400 

 

Soil Salinity 

Soil samples were collected during drilling and analysed for 1:5 electrical conductivity, particle 

size analysis, moisture content, moisture capacity, available water holding capacity and wilting 

point. 

Clay layers were identified to be of higher salinity than sand layers, implying greater flushing 

occurring through sandier, more permeable strata. No pattern in salinity between or within 

saturated and unsaturated zones was identified. 
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3.7.3 Sinclair Knight Mertz (SKM), 2013 

An investigation by SKM in 2013 assessed the current and historical groundwater conditions 

across the Gunbower Forest and surrounds. Their review of groundwater levels interpreted the 

direction of groundwater flow to be from the start of irrigation at the western edge of the forest, 

eastwards beneath the forest and towards the river. They also concluded that there is a gentle 

groundwater gradient flowing downstream in line with the Murray River. 
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3.8 Conceptual Site Model 

A limited hydrogeological conceptual site model (CSM) was presented by Salient Solutions 

(2007 and 2008). The model included the following: 

 A 3 m to 3.5 m clay surface layer exists across the KPF. 

 West to northwest shallow aquifer groundwater flow oblique to the Murray River. 

 Groundwater flow driven by high water levels in irrigation areas outside the KPF in both 

the NSW and Victoria. 

 The water table is low within the KPF resulting from high levels outside of the KPF 

rather than drawdown within the KPF. 

 Preferential flow occurs within sand strata. 

 The Murray River is lying approximately 3 m above the regional water table with no 

groundwater discharge occurring to it. 

 Discharge from groundwater is occurring via forest transpiration. 

 Recharge to groundwater occurs via seepage from the Murray River in high flow events 

(estimated average of 100 mm/event). 

 The water balance of the KPF is dominated by recharge from river flows. 

 Salt via surface water runoff is the major pathway for salt contribution to the Murray 

River. No subsurface pathway of salt flux exists. 
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4. Groundwater elevation assessment 
4.1 Murray River flow and rainfall 

The flows over Torrumbarry Weir (Figure 2-1) and the local rainfall are presented in Figure 4-1 

below. From Figure 4-1 it can be seen that flows over the Torrumbarry Weir vary significantly 

and regularly exceed the threshold that results in flooding of the KPF. A flooding event has been 

identified by Forestry NSW to occur when Torrumbarry Weir flows exceed approximately 20000 

ML/day (Section 3.3) and is confirmed by the analysis of Figure 4-2. An obvious relationship 

between rainfall (for Koondrook Forest) and flows is not apparent and is to be expected as the 

upstream Murray River catchment is extremely large and subject to wide spatial variability of 

rainfall and runoff patterns. 

 

Figure 4-1 Flow vs rainfall at Torrumbarry Weir (409207B) 

A comparison between the Murray River flows measured at Torrumbarry Weir and at Barham is 

presented in Figure 4-2. The Torrumbarry Weir gauge measures the flows in the Murray River at 

the upstream end of the KPF area. The Barham gauge measures the flows in the Murray River 

at the downstream end of the KPF.  The difference between the two is an indication of the flows 

that spill from the Murray River (either into the KPF or the Victorian side of the river) as it passes 

adjacent to the KPF. Figure 4-2 confirms that spilling from the Murray River and thus flooding of 

adjacent lands occurs when flows exceed approximately 20,000 ML/day at Torrumbarry Weir. 

It is noted that the flooding offtake into the KPF is located up-gradient of the Torrumbarry Weir 

so the flow differences are not expected to be indicative of flood flows being directed into the 

KPF via the offtake. 
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Figure 4-2 Comparison between recorded flows at Torrumbarry Weir and 
Barham 

 

Figure 4-3 Comparison between flow at Torrumbarry Weir and water level at 
Barbers Pool 

Figure 4-3 compares the flows recorded at Torrumbarry Weir and the water level recorded at 

Barbers Pool. Barbers Pool is located at the north-west edge (downstream end) of the KPF. It is 

filled when flooding events in the Murray River are large enough to ensure water flows 
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completely through the KPF creek network and out of the KPF into Barbers Pool and beyond. 

Limited data for Barbers Pool was available, however Figure 4-3 the data indicates that major 

flooding events do coincide with a rise in water levels at Barbers Pool.  

It is noted that Barbers Pool drains to the Wakool River which joins with the Murray River 

approximately 120 km down stream of Barham. 

4.2 Hydrograph Analysis 

To examine the response characteristics of the groundwater levels to flooding events and 

identify trends, seven figures were produced at seven different transects of the KPF. The 

locations of these transects are presented in Figure 4-4 below. Each figure presents the 

relationship between the recorded groundwater level in the monitoring bores along each 

transect and the flow volumes over the Torrumbarry Weir. Transect 7 is not really a transect, but 

a cluster of bores representing the southern (upstream) end of the KPF. 

 

Figure 4-4 Locality plan showing the 7 bore intersects 

The groundwater elevation data (m AHD), Murray River Flows (Torrumbarry Weir), River 

elevations (at various locations) and rainfall (for Koondrook Forest) are presented in Figure 4-5 

to Figure 4-12 with a subsequent discussion for each transect provided.  The groundwater 

elevations in each figure are colour coded, with the groundwater elevations fading from bold red 

to light red (pink) with distance away from the Murray River.  
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Figure 4-5 presents the groundwater elevations along transect 1. The data presented suggest 

that during flooding events the greatest groundwater response in the bores occurs in those 

bores closest to the Murray River (KPF1A and KPF1B). It is noted that Barbers Creek is located 

between the Murray River and this transect and the response may be due to flooding in Barbers 

Creek.  The response diminishes as the bores move further from the Murray River, with the 

furthest bore (KPF3) barely responding at all during flooding events. The data suggest that 

KPF1A/B are being recharged by flood waters. Responses to rainfall are less evident. 

The groundwater levels appear to fall over the monitoring period before recharging after a flood 

event. The exception is bore KPF3 which remains relatively flat over the period examined. The 

data suggest that the long term groundwater level trend is stable in this area.   

A small difference in the groundwater level between the deep bore (KPF1A) and shallow bore 

(KPF1B) exists and indicates that both may be monitoring the same aquifer or that the systems 

have reasonable hydraulic connection. This is supported by the very similar groundwater salinity 

(7610 mg/L vs. 7840 mg/L - Salient Solutions, 2008) and the response to flooding in the bores. 

Groundwater elevations in the deeper bore are generally higher between flood periods with 

groundwater elevations recharging to a similar elevation in the shallow system during flooding 

events.  This suggests that the shallow aquifer system is being depleted faster than the deeper 

aquifer system (potentially due to transpiration effects (Bren, 1988)).  The data suggest that 

upward head gradients exist on average (i.e. groundwater flows from deep areas to shallow 

areas). 

The data suggest that groundwater flows toward Barbers Creek from the north east with KPF3 

having the highest groundwater elevations. 

The groundwater elevations are below the expected elevations of the Murray River at Barham, 

which suggests that groundwater does not discharge to these surface water systems. 
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Figure 4-5 Bore groundwater elevations and Torrumbarry Weir flows at 
transect 1  
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Figure 4-6 presents the groundwater elevations along transect 2. The data presented suggest 

that during flooding events the response of groundwater levels in the bores closest to the 

Murray River (KPF4A and KPF4B) are relatively small and rapidly return to a reasonably stable 

level thereafter. The largest groundwater response occurs at bore KPF5 where flood events 

often coincide with water levels rising by more than 1 m. This bore is located close to the 

internal creeks that carry flood waters through the KPF suggesting this is the primary recharge 

source.  The groundwater at KPF6 has a greater response to flooding than KPF4A or KPF4B 

but approximately half as much as KPF5. Response to rainfall is less clear in the data set than 

the response to flooding. 

Despite the sensitive response of groundwater levels in some bores, there does not appear to 

be a net rise or fall in groundwater levels among any of the bores over the period assessed. 

Given this, the long term groundwater level trend appears to be stable in this area. 

There is a difference in the water level between the deep bore (KPF4A) and shallow bore 

(KPF4B) of approximately 2.5 m and suggests that both are likely to be measuring different 

aquifers. This is supported by the very different groundwater salinity (Salient Solutions, 2008) in 

both bores (13600 mg/L vs. 6350 mg/L). The data indicate an upward groundwater head 

gradient (e.g., groundwater flows from deeper systems to shallow systems). 

Groundwater is below the level of Barbers Creek (at Barbers Pool) and the Murray River (at 

Barham) which suggests that groundwater does not discharge to these surface water features. 

The lowest groundwater elevation is at KPF5 located toward the centre of the KPF suggesting 

that there is a groundwater depression/sink in this area. 

The results suggest that depletion of the shallow groundwater system via transpiration may be a 

primary groundwater pathway for groundwater loss from the system.  

 

Figure 4-6 Bore groundwater elevations and Torrumbarry Weir flows at 
transect 2  
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Figure 4-7 presents the groundwater elevations along transect 3. The data presented suggests 

that during flooding events bore KPF9 has the largest groundwater elevation response. The 

response at this location can be very rapid with groundwater elevations rising by up to 1 m. The 

recovery from flooding events is also very rapid with water levels quickly returning to a fairly 

stable level at approximately 8.5 m below top of casing (btoc). This bore is located close to 

internal KPF creeks suggesting that they are the primary source of recharge. Further, the flood 

response diminishes significantly in the bores both to the east and west of KPF9.  The response 

to rainfall events is less clear in the data.  

There does not appear to be a net rise or fall in ground water levels among any of the bores 

over the period examined. Given this, the long term groundwater level appears to be stable in 

this area. 

The data also suggest that there is a difference in the groundwater level between the deep bore 

(KPF7A) and shallow bore (KPF7B). The sampled salinity (Salient Solutions, 2008) from both 

bores suggests that they each monitor different aquifers (20,300 mg/L vs. 4,660 mg/L). The data 

indicate an upward groundwater head gradient (groundwater flows from deeper systems to 

shallower systems). 

Groundwater is below the level of Barbers Creek (at Barbers Pool) and the Murray River (at 

Barham) which suggests that groundwater does not discharge to these surface water features. 

Upward head gradients coupled with groundwater being below surface water features could 

suggest that transpiration from the forest is a primary pathway for groundwater loss from the 

system, however groundwater appears to flow consistently to the south west to a 

discharge/extraction point on the other side of the Murray River. 

 

Figure 4-7 Bore groundwater elevations and Torrumbarry Weir flows at 
transect 3  
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Figure 4-8 presents the groundwater elevations along transect 4. The data presented suggests 

that during flooding events all bores have groundwater elevation responses. Some of the 

response in KPF11A/B and KPF14 could be attributed to rainfall, whereas the response in 

KPF13 and KPF14 has a clear link to flooding. In these bores there is a very rapid flooding 

response.  

Despite the sensitive response of groundwater levels in some bores, there does not appear to 

be a net rise or fall in ground water levels among any of the bores over the period examined. 

Given this, the long term groundwater level trend appears to be stable in this area. 

The data also suggests that there is a negligible difference in the groundwater level between the 

deep bore (KPF11A) and shallow bore (KPF11B), suggesting that they are monitoring the same 

aquifer. The sampled salinity (11,700 mg/L vs. 10,500 mg/L - Salient Solutions, 2008) from both 

bores is also similar which supports this conclusion. The data suggest that a vertical gradient is 

absent in this area. 

Groundwater elevations closest to the Murray River are below the levels of the Murray River at 

Barham, indicating that groundwater does not discharge to the Murray River. The data suggest 

groundwater flows from north east to south west beneath the Murray River. 

 

Figure 4-8 Bore groundwater elevations and Torrumbarry Weir flows at 
transect 4  
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Figure 4-9 presents the groundwater elevations along transect 5. The data suggest that during 

flooding events all three bores along transect 5 have groundwater responses. The greatest 

response comes at bore KPF16 which is located near internal KPF creeks. The response at 

bore KPF15A/B is slightly less than at KPF16 and is located adjacent to the Murray River.  This 

suggests the response is primarily associated with flooding within the KPF rather than the 

Murray River. The lowest groundwater response along this transect occurs at bore KPF17, 

which appears to be more responsive to rainfall than flooding events. Despite the sensitive 

response of groundwater levels in some bores, there does not appear to be a net rise or fall in 

ground water levels among any of the bores over the period examined. Given this, the 

groundwater level trend appears to be stable in this area. 

The data also suggest that there is a negligble difference in the groundwater level between the 

deep bore (KPF15A) and shallow bore (KPF15B) suggesting that the groundwater at the depths 

intersected is hydraulically connected.  The sampled salinity (18500 mg/L vs. 20200 mg/L - 

Salient Solutions, 2008) from both bores supports this conclusion.  

Groundwater elevations closest to the Murray River are more than 5 metres below the 

estimated downstream elevation of Torrumbarry Weir, suggesting the groundwater does not 

discharge to the Murray River. 

The data suggest that groundwater flows from north east to south west and beneath the Murray 

River. 

 

Figure 4-9 Bore water levels vs the Torrumbarry Weir flows at transect 5 
(brighter red colour indicates closer proximity to Murray River) 
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Figure 4-10 presents the groundwater elevations along transect 6. The data suggest that during 

flooding events all bores demonstrate significant groundwater responses. KPF18, which is 

located further from the Murray River than the other bores, has a similar response to flooding as 

the bores closer to the Murray River. Despite the sensitive response of groundwater levels in 

the bores, there does not appear to be a net rise or fall in ground water levels among any of the 

bores over the period examined. Given this, the long term groundwater level trend appears to 

be stable. 

Groundwater elevations in the deep and shallow bores (KPF19A/B) are very similar, which 

suggests the groundwater intersected by the bores is hydraulically connected. This conclusion 

is not supported by the salinity data (3,330 mg/L vs. 9,830 mg/L - Salient Solutions, 2008). 

Groundwater elevations are sometimes higher in the shallow bores suggesting the temporary 

presence of downward head gradients.  This is generally different to the results at other 

transects. 

Groundwater elevations closest to the Murray River are more than 5 metres below the 

estimated downstream elevation of Torrumbarry Weir, suggesting the groundwater does not 

discharge to the Murray River. 

The data suggests groundwater flows from the north east to the south west beneath the Murray 

River. 

 

Figure 4-10 Bore water levels vs the Torrumbarry Weir flows at transect 6  
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Figure 4-11 shows the groundwater elevations along transect 7. Transect 7 is actually a cluster 

of bores as depicted in Figure 4-4. The data suggest that during flooding events groundwater 

level responses are present in all bores. Bores such as KPF21, which is located furthest from 

the Murray River, has a similar groundwater response to those near the Murray River. 

Groundwater levels in bore KPF20B have an irregular response to flooding events. This may be 

an issue with monitoring instrumentation or, given it’s proximity to the Murray River, it may be 

that the bore itself is being inundated by flood waters during flooding events. 

Despite the sensitive response of groundwater levels in some bores, there does not appear to 

be a net rise or fall in ground water levels among any of the bores over the period examined. 

Given this, the long term groundwater level trend appears to be stable. 

Groundwater elevations in the deep bores (KPF20A and KPF22A) relative to the shallow bores 

(KPF20B and KPF22B) suggest there is an upward head gradient in this area. 

Groundwater elevations closest to the Murray River are more than 5 metres below the 

estimated downstream elevation of Torrumbarry Weir, suggesting the groundwater does not 

discharge to the Murray River. 

Groundwater elevations in KPF21 are higher than KPF20B suggesting a general flow from the 

north east to the south west and beneath the Murray River. 

 

Figure 4-11 Bore water levels vs the Torrumbarry Weir flows at transect 7  
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Figure 4-12 presents the water levels below the top of the bore casing along the length of the 

Murray River (over all 7 transects). All bores shown are those in closest proximity to the Murray 

River. It is generally observable that flood events result in groundwater levels rising at all 

locations. However, the magnitude of the response varies significantly and does not follow an 

obvious pattern. The most responsive bore appears to be KPF1A, which is the furthest from the 

Torrumbarry Weir at transect 1, while the least responsive bore is KPF7A which is centrally 

located at transect 3. KPF1A is also the shallowest of the groundwater levels and located the 

furthest from the Murray River. As such it may be influenced by the internal creeks more than 

the Murray River.  The responses to rainfall are more evident in the non-flooding period 

between January 2014 and June 2016. 

 

Figure 4-12 Bore water levels vs the Torrumbarry Weir flows along Murray 
River (at all 7 transects) 
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4.3 Spatial trends in groundwater elevations 

Figure 4-13 presents the average groundwater elevation contours developed from the observed 

bore data. The following points are made in regard to the data presented: 

 Groundwater generally flows from the north east to the south west toward the Murray River.  

As indicated in the hydrograph analysis presented earlier the groundwater is below 

elevations of the Murray River.  It is unclear whether groundwater is discharging across the 

river, but it is noted that Salient Solutions (2007) interpreted higher (rising) groundwater 

elevations to the south west of the Murray River.  This would suggest that groundwater 

would flow downstream beneath the Murray River. SKM (2013) indicate a groundwater flow 

direction from the Gunbower Forest east towards the Murray River and also along the river.  

 There is a groundwater depression in the vicinity of KPF5, which supports the presence of 

a groundwater sink in this area.  Given that groundwater elevations are also below 

discharge points into Barbers Creek it appears that groundwater is primarily being lost from 

the system by forest transpiration effects. This is supported by the presence of primarily 

clay units intersected by KPF5, which rules out a potential preferential groundwater 

discharge pathway through more permeable sediments. 

Figure 4-14 and Figure 4-15 summarise the range, maximum and minimum water level below 

the top of the bore casing for the shallow and deep bores respectively. The general depth to 

groundwater ranges between 5.1m btoc and 12.9 m btoc.  The average depth to groundwater is 

approximately 9.2 m btoc.  The shallowest depths to groundwater are generally on the boundary 

of the KPF with farmlands to the north.  At these locations the groundwater response to flooding 

in the KPF is generally less than 1 m (as presented in the groundwater hydrographs).  It 

suggests that flooding in the KPF is unlikely to cause an immediate risk of flooding in the vicinity 

of KPF, however, it would result in shallower groundwater elevations overall (generally by less 

than 1 m) in the farmlands up-gradient of the site.  

Three additional groundwater wells (referred to as McConnell, Heffer and Goudie) are located 

on private farming land to the north of the KPF. Groundwater monitoring data collected between 

October 2014 and December 2017 (which extends across flooding events) suggest a small 

range in groundwater elevations in the wells, with groundwater levels varying across the three 

wells from 6.4 to 7.7 m btoc. It is expected that flooding events in the forest are therefore 

unlikely to result in groundwater induced flooding across this farming land. 

There does not appear to be a clear spatial trend in the groundwater range data presented in 

the figures. 

Table 4-1 summarises the vertical gradients for paired wells present along the Murray River and 

in the KPF.  This shows predominant upward head gradients apart from at KPF19A/B where 

there is a slight downward head gradient. 

Under these conditions groundwater flows from deep groundwater to shallow groundwater, 

which suggests that the Murray River is unlikely to be a primary recharge source and is more 

likely to be a discharge source.  However, as noted earlier, the data suggest that the Murray 

River levels are above groundwater elevations and that it is unlikely to be a discharge point for 

groundwater.  This would suggest that shallow groundwater is being depleted by forest 

transpiration effects.  It is noted however that groundwater is generally 5.0 m to 13 m below 

ground surface and may be below root zones. 
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Table 4-1  Summary of Vertical Gradients 

Name Transect TOC (m 
AHD) 

Average 
GWL (m 
btoc) 

Average 
GWL (m 
AHD) 

Vertical 
Gradient 

KPF1A 1 77.78 8.5 69.3 0.40 

KPF1B 1 77.8 8.8 69.0 

KPF4A 2 79.02 9.2 69.9 2.40 

KPF4B 2 79.07 11.6 67.5 

KPF7A 3 80.63 11.7 69.0 0.31 

KPF7B 3 80.66 12.0 68.6 

KPF11A 4 81.88 11.8 70.1 0.10 

KPF11B 4 81.87 11.9 70.0 

KPF15A 5 82.81 9.4 73.4 0.02 

KPF15B 5 82.83 9.5 73.3 

KPF19A 6 84 9.5 74.5 -0.11 

KPF19B 6 83.98 9.4 74.6 

KPF20A 7 84.49 8.9 75.6 0.40 

KPF20B 7 84.44 9.2 75.2 

KPF22A 7 84.87 9.0 75.9 0.33 

KPF22B 7 84.82 9.3 75.6 
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4.3.1 Statistical Analysis 

A regression analysis to examine the relationship between several spatial parameters and the 

average water level in the bores was performed, the results of which are presented in Table 4-2. 

The parameters included the distance of the bore from Torrumbarry Weir and the distance of 

the bore from the Murray River. A p-value of 0.05 was selected prior to analysis as the threshold 

for statistical significance of the parameter. The results present in Table 4-2 suggest that both 

the distance from the Murray River and bore depth parameters are statistically significant and 

are likely to have a relationship with the average water level in the bores. The distance from 

Torrumbarry Weir parameter is not statistically significant and unlikely to share a relationship 

with average water level. 

Table 4-2 Regression analysis summary 

Parameter Correlation coefficient (R2) P-value 

Distance from Torrumbarry 
Weir 

0.01 0.60 

Distance from the Murray 
River 

0.45 < 0.01 

 

Figure 4-16 presents a plot of the average water level in the bores against the distance from the 

Murray River. The correlation coefficient (0.45) indicates a moderately strong relationship 

between the average water level and distance from the Murray River. The trend line indicates 

that this relationship is positive, with the average depth to water level (in m AHD) increasing the 

further one moves away from the Murray River. This result is counterintuitive as it would be 

expected that the Murray River is a source of groundwater replenishment that would result in 

higher water levels the closer the bore proximity. This suggests that the Murray River is not a 

primary source of recharge for groundwater beneath the KPF. 
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Figure 4-16 Distance from the Murray River versus average water level 

The HARTT results are summarised in Table 4-3. The best fitting lag varied from 0 to 4 months. 

R squared was typically around 0.71. The rainfall trend was significant for all bores and varied 

up to 7 mm/mm. The time trend was significant for most bores and varied up to 12 mm/month. 

There was no spatial trends evident in the results. 

Table 4-3   HARTT results for rainfall 

Bore Best fitting lag 
(months) 

R squared Rainfall trend 
(mm/mm) 

Time trend 
(mm/month) 

KPF1A 1 0.76 5 7 

KPF1B 0 0.75 7 12 

KPF2 4 0.69 2 Not significant 

KPF3 3 0.72 1 3 

KPF4A 1 0.78 2 Not significant 

KPF4B 4 0.48 1 Not significant 

KPF5 2 0.71 6 18 

KPF6 1 0.79 3 6 

KPF7A 1 0.60 1 2 

KPF7B 1 0.79 1 Not significant 

KPF8 2 0.72 1 3 

KPF9 1 0.62 4 10 

KPF10 2 0.59 1 2 

KPF11A 0 0.74 4 7 

KPF11B 0 0.87 5 9 

KPF12 2 0.64 1 4 

KPF13 2 0.71 2 3 

KPF14 1 0.70 4 Not significant 

KPF15A 1 0.67 3 9 

KPF15B 1 0.72 3 9 

KPF16 1 0.88 5 3 

KPF17 0 0.65 2 19 

KPF18 5 0.56 2 Not significant 

KPF19A 1 0.75 5 4 

KPF19B 1 0.78 5 Not significant 

KPF20A 3 0.64 3 4 

KPF20B 0 0.41 3 Not significant 

KPF21 1 0.83 2 Not significant 

KPF22A 1 0.75 2 Not significant 

KPF22B 2 0.61 2 Not significant 

The HARTT results for flooding are summarised in Table 4-4. The best fitting lag varied from 0 

to 3 months. R squared was on average 0.65. The flooding trend was significant for most bores 

and varied up to 3 mm/% of time flooded. The time trend was significant for most bores and 

varied between -6 and 12 mm/month. There was not spatial trends evident in the results. 

Table 4-4   HARTT results for flooding 

Bore Best fitting lag 
(months) 

R squared Flooding trend 
(mm/percentage 
of time flooded) 

Time trend 
(mm/month) 

KPF1A 0 0.67 2 Not significant 

KPF1B 0 0.56 4 Not significant 
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Bore Best fitting lag 
(months) 

R squared Flooding trend 
(mm/percentage 
of time flooded) 

Time trend 
(mm/month) 

KPF2 0 0.86 2 Not significant 

KPF3 2 0.70 1 1 

KPF4A 0 0.81 1 -2 

KPF4B 0 0.45 0 Not significant 

KPF5 0 0.64 3 12 

KPF6 0 0.58 1 3 

KPF7A 0 0.33 0 Not significant 

KPF7B 0 0.50 Not significant -3 

KPF8 0 0.58 1 Not significant 

KPF9 0 0.64 2 6 

KPF10 1 0.80 1 2 

KPF11A 0 0.42 1 Not significant 

KPF11B 0 0.68 3 4 

KPF12 0 0.85 1 3 

KPF13 0 0.76 1 1 

KPF14 0 0.52 Not significant -12 

KPF15A 0 0.51 1 6 

KPF15B 0 0.80 2 6 

KPF16 0 0.90 3 Not significant 

KPF17 3 0.63 1 16 

KPF18 0 0.76 2 Not significant 

KPF19A 0 0.78 2 Not significant 

KPF19B 0 0.76 3 -5 

KPF20A 0 0.82 2 2 

KPF20B 0 0.30 Not significant -5 

KPF21 0 0.84 1 Not significant 

KPF22A 0 0.53 0 -4 

KPF22B 0 0.37 Not significant -6 

The R squared values from rainfall and flooding analysis are summarised in Table 4-5. Rainfall 

is generally a better predictor of water levels than flooding. This is contrary to the results 

presented in the hydrographs which suggest flooding is the primary influence of groundwater 

elevations, however, rainfall influence on the hydrographs may be buffered by slow recharge 

relative to a quicker recharge during flooding. There is no spatial trends apparent in whether 

rainfall or flooding are a better predictor of water levels.   

Table 4-5   HARTT results summary  

Bore Rainfall R 
squared 

Flooding R 
squared 

Better predictor 

KPF1A 0.61 0.44 Rainfall 

KPF1B 0.76 0.67 Rainfall 

KPF2 0.75 0.56 Rainfall 

KPF3 0.69 0.86 Flooding 

KPF4A 0.72 0.70 Rainfall 

KPF4B 0.78 0.81 Flooding 

KPF5 0.48 0.45 Rainfall 

KPF6 0.71 0.64 Rainfall 

KPF7A 0.79 0.58 Rainfall 
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Bore Rainfall R 
squared 

Flooding R 
squared 

Better predictor 

KPF7B 0.60 0.33 Rainfall 

KPF8 0.79 0.50 Rainfall 

KPF9 0.72 0.58 Rainfall 

KPF10 0.62 0.64 Flooding 

KPF11A 0.59 0.80 Flooding 

KPF11B 0.74 0.42 Rainfall 

KPF12 0.87 0.68 Rainfall 

KPF13 0.64 0.85 Flooding 

KPF14 0.71 0.76 Flooding 

KPF15A 0.70 0.52 Rainfall 

KPF15B 0.67 0.51 Rainfall 

KPF16 0.72 0.80 Flooding 

KPF17 0.88 0.90 Flooding 

KPF18 0.65 0.63 Rainfall 

KPF19A 0.56 0.76 Flooding 

KPF19B 0.75 0.78 Flooding 

KPF20A 0.78 0.76 Rainfall 

KPF20B 0.64 0.82 Flooding 

KPF21 0.41 0.30 Rainfall 

KPF22A 0.83 0.84 Flooding 

KPF22B 0.75 0.53 Rainfall 
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5. Salinity assessment 
5.1 Salt load Analysis 

Figure 5-1 and Figure 5-2 present the cumulative salt loads passing Torrumbarry Weir and 

Barham for the two periods where complete data were available. The locations of each are 

depicted in Figure 1-1. Both figures show that during normal flows (i.e. below the 20000 ML/day 

flooding threshold), greater salt loads flow past Barham than Torrumbarry Weir. This indicates 

that salt is being gained from the surrounding environment as the Murray River passes adjacent 

to the KPF. The salt load increases are not expected to be associated with salt wash from the 

KPF during flooding or from groundwater discharge from the KPF to the River for the following 

reasons. 

 Flooding of the KPF is not occurring under normal flow conditions as such there is a low 

chance of discharge from the KPF to the Murray River. 

 Although groundwater salinity in the KPF is very high (much higher than average Murray 

River salinity of 30 to 150 mg/L), the groundwater contours (Figure 4-13) andError! 

Reference source not found. groundwater elevation hydrographs suggest that the River 

and groundwater are unlikely to have a significant connection.  

 The main discharge points from the KPF (including Barbers Creek, Cow Creek and Thule 

Creek) drain to the Wakool River and then to the Murray River downstream of Barham.  

There is one discharge point to the Murray from the KPF, which is approximately 15 km up 

stream of Barham. There is little information currently available for this discharge point. 

 Salt loads at the Barham gauge could be derived from Gunbower Creek which discharges 

from the Gunbower Forest in Victoria into the Murray River approximately 2 km upstream of 

the gauge at Barham. 

Salient Solutions (2007) analysed groundwater bores located to the north of the KPF and 

adjacent to Barham. The report suggested that the shallow groundwater table to the north of 

Barham is discharging to the Murray River.  

The salt loads at Torrumbarry Weir and Barham during a flooding event are presented in Figure 

5-1. There is a steeper trending cumulative salt load curve at Torrumbarry Weir at the start of 

the flooding event, which is indicative of salt being lost to the surrounding system (such as the 

KPF) between the two monitoring points.  This may be due to overspilling of flood waters into 

the KPF with subsequent discharge to the Wakool River, or overspilling to the Gunbower Forest.   

Midway through the flooding event the salt loads become similar, despite higher flows at 

Torrumbarry Weir, this suggests higher concentrations are present at Barham that at 

Torrumbarry Weir, this may be indicative of salt wash back into the Murray River from flooded 

areas.  For the conceptual reasons outlined above, this is most likely to be associated with 

discharge from Gunbower Creek as opposed to discharge from the KPF to the Murray River. 
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Figure 5-1 Torrumbarry Weir vs Barham cumulative salt loads 2012 to 2013 

 

 

Figure 5-2 Torrumbarry Weir vs Barham cumulative salt loads 2014 to 2016 
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5.2 Statistical analysis 

A regression analysis between bore salinity and several spatial parameters was performed, the 

results of which are presented in Table 5-1. The parameters included the distance of the bore 

from Torrumbarry Weir, the distance of the bore from the Murray River and the bore depth. A p-

value of 0.05 was selected prior to analysis as the threshold for significance of the parameter. 

From Table 5-1 it can be observed that only the distance of the bore from the Torrumbarry Weir 

parameter has a statistically significant relationship to the salinity at each bore.  

Table 5-1   Regression analysis summary 

Parameter Correlation coefficient (R2) P-value 

Distance from Torrumbarry 
Weir 

0.17 0.02 

Distance from the Murray 
River 

0.01 0.53 

Bore depth 0.00 0.94 

Figure 5-3 shows a plot of the bore salinity against the distance from Torrumbarry Weir. The 

correlation coefficient (0.17) indicates that the relationship between salinity and distance from 

the Torrumbarry Weir is weak while the trendline indicates a negative relationship. That is, the 

groundwater salinity generally decreases with distance away from Torrumbarry Weir (down the 

catchment).  The large spread in the data appears to be associated with variability in the 

groundwater salinity within each transect (across the KPF), which is expected to be associated 

with proximity to recharge sources (i.e. proximity to water sources such as Barbers Creek).   

At present there is insufficient data to understand why this trend exists along the KPF and 

whether it is associated with flooding or other factors related to geology or up gradient irrigation 

practices.  

 

Figure 5-3 Distance from Torrumbarry Weir versus average water level 
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6. Updated Hydrogeological CSM 
A hydrogeological conceptual site model (CSM) was presented by Salient Solutions (2008) and 

has been updated using the findings of this investigation. The updated model includes the 

following: 

 Groundwater flow directions are generally toward the Murray River but are not expected to 

discharge to the River.  This raises some uncertainty about the discharge point for 

groundwater.  SKM (2013), in their investigation of groundwater levels for the Gunbower 

Forest, suggest that the water-table slopes from the interface of the Gunbower Forest with 

the irrigated land towards the Murray River, with a fall in the water-table level of around 6 to 

7 metres. They also suggest a gentle groundwater flow gradient along the river. Previous 

information provided by Salient Solutions (2007) also suggest groundwater elevations rise 

to the south west of Murray River, due to irrigation practices in Victoria. As such 

groundwater is expected to flow down catchment beneath the Murray River, although this 

has not been established with certainty. Predominant upward vertical head gradients in 

bores close to the Murray River support this. 

 There appears to be a limited connection between the Murray River and shallow 

groundwater elevations next to the River.  This is based on comparison of zero gauge 

elevations in the Murray between Torrumbarry Weir and Barham (which has some inherent 

uncertainty) with groundwater elevations.  Key aspects of this comparison that support this 

conclusion include: 

– An interpreted large difference in Murray River gauge heights and nearby groundwater 

elevations (the comparison would be supported further by a survey of river levels near 

to each riverside bore). 

– A general small response at riverside bores to flooding events in the Murray River. 

 Salient solutions concluded that preferential flow is expected to occur within sand strata. 

While no further information was gained for this investigation, the trends (or absence 

thereof) in the groundwater salinity data associated with flooding and surrounding land use, 

may be indicative of geological affects not currently characterised. 

 A groundwater depression in the vicinity of bore KPF5 suggests that transpiration in the 

KPF may be a significant groundwater sink. This supports the findings of Salient Solutions.  

This process may also be responsible for an overall drop in groundwater elevations 

beneath the KPF such that groundwater does not discharge to the Murray River.  It is noted 

however, that the impacts of this process is largely unquantified and current conclusions 

are qualitative only.  A groundwater model would help to quantify this further. 

 The groundwater hydrograph analysis suggests that the groundwater elevations (and water 

balance) in the KPF are dominated by recharge from the KPF internal streams during flood 

events.  However, the HARTT analysis suggests rainfall is also a key source of recharge.  

 The long term trends in groundwater elevations are generally stable, however based on the 

response to rainfall, overall groundwater elevations are expected to be higher due to 

flooding in the KPF.  Due to the influence of other factors on groundwater elevations in the 

KPF (e.g. transpiration effects), the impacts of higher groundwater elevations on up-

gradient land use cannot be quantified accurately. It is noted however, that given the 

groundwater response to flooding is generally less than 1 m over short to mid-term time 

frames and that groundwater levels are on average 9 m below ground surface, impacts 

immediately up-gradient of the KPF would be minimal. A groundwater model would help to 

conceptualise this further. 
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 Salient Solution noted that groundwater flow is driven by high water levels in irrigation 

areas outside the KPF in both NSW and Victoria states. The water table is low within the 

KPF as a result of high groundwater elevations outside of the KPF rather than drawdown 

within the KPF.  Results of the current investigation support the presence of groundwater 

flowing beneath the site from areas of higher groundwater elevations beneath adjacent 

farmlands. However, it cannot be established whether this is primarily a result of up-

gradient irrigation, forest transpiration effects or a mixture of both.  A numerical 

groundwater model would quantify this further.  

 Salient Solutions (2008) concluded that the Murray River is lying approximately 3 m above 

the regional water table and therefore groundwater will not be discharging to it. This was 

confirmed during their drilling program and by salinity levels in the bores located closest to 

the Murray River having higher salinity levels compared to the River. This was not analysed 

further in this report, but the findings of this report support this conclusion.  

 Salient Solutions (2007) identified three pathways for salt to be transported into the Murray 

River. The three pathways included: 

– Direct discharge from the water table to the River. 

– Discharge from groundwater into the internal creeks system (i.e. Barbers Creek). 

– Salt washed off during flood events. 

The report concluded that salt via surface water runoff was the major pathway for salt 

contribution to the Murray River. No subsurface pathway of salt flux existed due to limited 

connection between the shallow water table and the River and the groundwater underneath 

Barbers Creek was likely discharging to the Wakool River located to the north.  

The findings of this investigation suggest that the Murray River is gaining salt as it flows 

past the KPF. Based on the geomorphology of streams in this area it appears more 

plausible that the gains are associated with discharge from Gunbower Creek as it joins the 

Murray River just up gradient of Barham. While the main surface water discharge points 

from the KPF are to the north toward Wakool River there is a discharge point to the Murray 

River 15 km upstream of Barham that could contribute salt to the river.  Further 

investigation of this feature would resolve this data gap further. 

.  
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7. Conclusions 
An investigation has been completed to assess groundwater elevation data collated between 

2011 and 2018 for 30 wells across the KPF.  The data has been assessed relative to a number 

of variables including rainfall, flows, flooding events and salt loads in the Murray River. The data 

have also been compared against conclusions made in previous reports by Salient Solutions in 

2007 and 2008. 

The investigation findings suggest that groundwater inputs to the KPF are primarily associated 

with flow from irrigated farmlands to the northeast and from internal creeks during flood events 

in the KPF.  HARTT analysis also suggests that rainfall at the forest is also a primary input. 

Groundwater elevations in wells are generally stable during the monitoring period suggesting no 

long term rise in groundwater elevations associated with the KPF flooding scheme that could 

represent a longer term flooding risk to up-gradient farmland. This is supported by the relatively 

stable groundwater levels of between 6.4 to 7.7 m btoc, for the three bores located on farmland 

to the north of the KPF (Goudie, Heffer and McConnell).  There is a short- to medium-term 

groundwater elevation response to rainfall of generally less than a metre at the boundary 

between the KPF and the up-gradient farmland.  Due to the depth to groundwater (around 9 m 

bgl) this response is unlikely to result in flooding impacts in the irrigated land immediately up-

gradient, however it is not clear what the impacts will be further up-gradient. 

The data trends suggest that the Murray River is not a primary source of groundwater recharge 

(inputs). 

While groundwater flows beneath the KPF toward the Murray River the data suggest that 

groundwater does not discharge to the Murray River, but there is some uncertainty in the 

elevations of the Murray River relative to groundwater elevations. SKM (2013) determined the 

general pattern of groundwater flow to be from the edge of the forest at the interface with 

irrigation, east towards the river, and also downstream along the direction of the river.  Salient 

Solutions also suggested that the groundwater table is expected to rise within the Gunbower 

Forest to the south west of the Murray River.  If this occurs groundwater discharge is expected 

be to the northwest beneath the Murray River, but this is yet to be characterised with 

confidence.   

A groundwater depression in the KPF suggests that transpiration effects in the KPF may be a 

primary pathway for groundwater loss from the system, although the forest vegetation would 

need to extend to average depths of 9 m bgs to intercept groundwater.   

Due to the surface water geomorphology (eg. discharge from the KPF is expected to be toward 

Wakool River rather the Murray River) and the current salt and flow monitoring locations an 

adequate assessment of the salt inputs and outputs from the KPF cannot be made.  
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8. Recommendations 
The following recommendations are made to further develop the conceptual hydrogeological 

model for the KPF: 

 Further understanding of the surface water inputs and outputs (water balance) would inform 

a better understanding of the salt loads and contributions to groundwater.  Key information 

that would inform the water balance include: 

– A review of existing surface water models developed for the KPF flooding scheme if 

available.  

– Characterisation of the main inflow areas to the KPF. For example, characterising 

where flooding into the KPF primarily occurs along the River (including via the Off-take) 

– Characterisation of the main discharge points (outputs) from the KPF, which would 

help to understand potential discharges to the Murray River and subsequent salt loads.  

– Monitoring of flows and salinity at inflow and outflow points to establish a surface water 

and salt balance for the KPF. Further assessment of salt loads on the Wakool River at 

Gee Gee Bridge (409062) might support this.  

 To better relate groundwater elevations and surface water elevations in the Murray River a 

bathymetry survey of the Murray River between the KPF Offtake and Barham coupled with 

spot water level surveys should be completed, with particular focus on where the 

groundwater bore transects intersect the River.  The water levels should be corrected 

against water level changes at an existing monitoring location.  This will help establish 

relative changes in river levels along the KPF. 

 Groundwater monitoring bores in the Gunbower Forest could be collated and assessed in 

tandem with the groundwater bore transects in the KPF to better understand the expected 

discharge patterns for groundwater in this area.  This would help to characterise the effects 

of forest transpiration on groundwater discharge.   

 A numerical groundwater model to holistically characterise the relationships between 

recharge sources and discharge points would help to quantify the primary inputs and 

outputs (the water balance), including discharge via transpiration effects. 

 A numerical groundwater model would also help to quantify impacts to up-gradient farmland 

areas. 
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