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1 Introduction  

The Environmental Pathways Program (EPP) groundwater model was developed to assess the risks associated with 

floodplain management actions  such as weirpool manipulation between the SA River Murray Locks 6 and 3 (DEW 

2022). The EPP model domain covers the river reach between the SA Border and Lock 3 (Figure 1.1). The EPP 

model is designed to represent groundwater flow processes associated with a dynamic river and floodplain 

environment (DEW 2022). To achieve this, the model represents permanent surface water features using a river 

level that varies with changes in river flow and also simulates inundation  recharge when overbank flows occur.  

The EPP calibration model is designed to estimate the following  in response to dynamic conditions, including both 

naturally occurring floods and environmental watering actions  such as: 

¶ groundwater salt load to river; 

¶ spatial distribution  of where the groundwater flux is entering the surface water system; and 

¶ watertable level (DEW 2022). 

The EPP model has been calibrated to long -term dynamic conditions within the study area and show ed a 

reasonable match to the historic data, particularly within the floodplain (DEW 2022). However, a number of 

limitations and recommendations were identified as part of the previous study. This included a recommendation 

to conduct a post audit using monitoring data collected during weirpool manipulation events . Additionally, the 

Australian Groundwater Modelling Guidelines also recommend that a post audit be undertaken for a medium- to 

high-complexity model  as part of the ongoing use of the model as a management tool  (Middlemis et al. 2001; 

Barnett et al. 2012). 

The calibration period for the EPP model concludes at the end of June 2020 (DEW 2022). Since this time the 

floodplain monitoring network has been extended through the construction of monitoring bores at the Pike and 

Katarapko floodplains as part of the South Australian Riverland Floodplains Integrated Infrastructure Program 

(SARFIIP). Additional groundwater monitoring data ha ve also been collected as part of regular monitoring by DEW 

and through the installation of groundwater level loggers within bores at key floodplain sites. This monitoring 

effort has captured the groundwa ter response to the 2022-2023 flood event, particularly during the rising limb of 

the flood.   

The aim of this post audit  is to assess how well the EPP model replicates the groundwater response to the 2022-

2023 flood event, both in terms of changes in groun dwater level and salt load to river. Although this post audit 

does not focus on the groundwater response to management actions, monitoring data collected during the 2022 -

2023 flood event provides a unique opportunity to assess the ability of the model to s imulate groundwater 

responses to changes in river flow which was a key design capability of the original model. This informs our level 

of confidence in the ongoing use of the EPP model as an assessment tool for proposed floodplain management 

actions.  
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Figure  1.1. EPP Model domain  
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2 Methodology  

The development of the EPP model is documented in DEW (2022). The EPP model remains largely unchanged for 

this post audit except for: 

¶ a simulation period of 2.5 years from 1st July 2020 to 31st December 2023, requiring the extension of 

model input s that vary with time  (e.g. river stage);  

¶ the adoption of shorter stress periods to capture changes in surface water levels during the 2022-2023 

flood; 

¶ the inclusion of pumping from the  Pike Groundwater Management Scheme (GMS) which was not 

commissioned at the time of the previous work;  

¶ the use of additional surface water modelling outputs for river flows exceeding 100 GL/d that were not 

available at the time the previous model was developed; and 

¶ the inclusion of additional groundwater monitoring dat a collected during the post audit period.     

The following section describes how the time-variable model inputs have been extended for the post audit 

simulation period  and details the monitoring data used to assess the performance of the model .   

2.1 Model inputs  

2.1.1  Time discretisation  

The simulation period for the EPP post audit is between 1st July 2020 and 31st December 2023. Stress periods used 

in the post audit model are generally shorter than those used in the calibration model, ranging in length  from one 

day up to one month duration.  The simulation period for the post audit  is much shorter than the calibration model 

which allows for shorter duration stress periods to be used without causing significantly long model run times.  The 

shorter duration  stress periods were chosen to capture short term changes in surface water inputs during the 

2022-2023 flood event following a review of the Flow to SA (QSA) hydrograph  (Figure 2.1). The stress period set 

up also considers that evapotranspiration (ET) inputs vary by calendar month and; therefore, stress periods do not 

extend across more than one calendar month. The stress period set up for the post audit model is summarised in 

Appendix A.  

2.1.2  Initial conditions  

Groundwater heads exported from the last stress period of the EPP Calibration Model (30/6/2020) provide the 

initial heads for the start of the post audit simulation (1/7/2020).  

2.1.3  Surface water f eatures  

Permanent surface water features are represented in the EPP model using river cells. The extent, depth and 

conductance of river cells in the post audit model are unchanged from t he calibration model. The spatial extent of 

permanent surface water features remains constant throughout the simulation  and only the river stage is varied 

with changes in river flow. Inundation recharge due to overbank flows is represented in the model usi ng the 

recharge package as described in Section 2.1.4.  
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The river stage varies through time with changes in river flow and has been derived from surface water modelling 

outputs (DEW 2020). The average QSA for each stress period during the post audit simulation has been used to 

assign the river stage based on surface water modelling outputs (see Appendix A and Figure 2.1). River stage 

outputs from surface water modelling were available for QSA flows of between 5 GL/d and 100 GL/d in 5 GL/d 

increments at the time the EPP calibration model was developed. However, for the post audit, additional surface 

water modelling outputs were available for QSA flows of between 100 GL/d and 180 GL/d (in 20 GL/d increments) 

for the river reach between Lock 3 and Murtho (McCullough, D., DEW 2023 pers. comm.). These additional 

modelling outputs have been applied in the post audit model to represent changes in river stage during the 2022 -

2023 flood event where QSA peaked at ~185 GL/d. There continue to be no surface water outputs available for 

QSA above 100 GL/d upstream of Murtho. 

Surface water modelling outputs used to assign the river stage height and extent of the inundation footprint were 

developed prior to the construction of the regulators at the Pike and Katarapko f loodplains as part of SARFIIP. As 

a result, changes in surface water levels due to the installation of these regulators, particularly at Pike, are not 

represented in the post-audit model . Pike regulator operation occurred between late July and early December 

2021 and again between early July and mid-October 2022. Operation of the Katarapko regulators occurred 

between late July and mid-November 2021 and again between early August and mid-September 2022. This may 

cause localised discrepancies between modelled and measured groundwater heads prior to the flood (see Section 

3.2). 

 

Figure  2.1. Surface water model inputs compared to monitored flow to SA (QSA)  

2.1.4  Recharge 

The approach used to model groundwater recharge in the post audit  model is the same as that applied in the EPP 

calibration model  which in summary means that: 

¶ the irrigation footprint and recharge rates due to irrigation are copied from the last stress period of the 

EPP calibration model (June 2020) and applied to the post audit simulation perio d (July 2020 to December 

2023); 

¶ a recharge rate of 0.1 mm/year is applied to areas outside of the irrigation footprint that are not 

inundated (DEW 2022); 

¶ no recharge (i.e., 0 mm/d) is applied where there are permanent  surface water features; 
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¶ a recharge rate of 1 mm/d is applied within the inundation footprint to represent vertical recharge 

through the floodplain when overbank flows  occur (DEW 2022).  

The extent of the inundation footprint varies through time with changing river flow  conditions and has been 

derived from surface water modelling outputs . The average QSA for each stress period during the post audit 

simulation has been used to assign the inundation extent from the surface water modelling outputs (see Appendix 

A). As described above (Section 2.1.3), additional modelling ou tputs for QSA flows between 100 GL/d and 

180 GL/d have been applied in the post audit model to represent changes in the inundation footprint during the 

2022-2023 flood event that were not available at the time the EPP calibration model was developed (Figure 2.2). 
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Figure 2.2.  Inundation extents for QSA Flows exceeding 100  GL/d  



 

7 

 

 

OFFICIAL 

OFFICIAL  

 

2.1.5  Evapotranspiration  

On the floodplain, ET has been zoned based on the dominant ecotype within each cell with zones unchanged from 

the EPP calibration model (DEW 2022). The ET rates applied in the post audit model represent the average rate of 

ET per calendar month. The extinction depths for each ET zone are also unchanged from the EPP calibration 

model. No ET is applied beneath permanent surface water features or within the inundation footprint.   

As described above for the development of recharge inputs (see Section 2.1.4), the extent of the inundation 

footprint where no ET is applied varies through time with changes in river flow and is based on the average QSA 

for each stress period. Additional modelling out puts for QSA flows above 100 GL/d have been applied in the post 

audit model to represent changes in the inundation footprint during the 2022 -2023 flood event that were not 

available when the calibration model was developed. 

2.1.6  Salt Interception Schemes  

The EPP model domain includes the Salt Interceptions Schemes (SISs) located at Woolpunda, Loxton, 

Bookpurnong, Pike and Murtho (Figure 1.1). This post audit also includes the Pike Groundwater Management 

Scheme (GMS) which was constructed as part of SARFIIP. The Pike GMS includes bores located on both the 

highland and floodplain at Pike  (Figure 1.1). This scheme was not included in the  EPP calibration model as it had 

not been commissioned at the time the model was developed . Groundwater pumping from SISs and the Pike GMS 

is represented in the model using wells as analytic elements. Groundwater pumping rates have been derived from 

flowmeter data provided by SA Water and represent the average pumping rate for each stress period in the post 

audit model  (Figure 2.3). Floodplain pumping  bores were decommissioned during the 2022-2023 flood event to 

prevent damage to equipment and to remove potential  electrical hazards.  

 

Figure 2.3. Summary of SIS pumping rates by scheme during the post audit period  
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2.2 Performance assessment data  

The aim of this post audit is to assess how well the EPP model replicates the groundwater response to the 2022-

2023 flood event, both in terms of changes in groundwater level and salt load to river. Groundwater level 

monitoring  data collected since mid-2020, particularly during the 2022-2023 flood event, provides a unique 

opportunity to assess the ability of the model to simulate gr oundwater responses to changes in river flow which is 

a key design capability of the EPP model. BigMOD salt loads sourced from the Murray Darling Basin Authority 

(MDBA) and instream salinity monitoring data are compared to the salt loads calculated using modelled flux to 

River from the EPP post audit model.  

2.2.1  Groundwater monitoring data  

The groundwater level data used to calibrate the EPP model were manually collected with the number of bore s 

monitored  and the monitoring frequency limited prior to the 1980s.  The spatial extent of the monitoring network 

and frequency of data collection has increased over time, particularly with the construction of monitoring bores at 

the Pike and Katarapko floodplains as part of SARFIIP.  

Groundwater level data are available for 523 monitoring bores across the model domain for the post audit 

simulation period (Figure 2.4). Groundwater level data used for this post audit includes: 

¶ 281 monitoring bores on the floodplain screened in the Monoman Formation, corresponding to layer 2 in 

the model; 

¶ 234 bores monitoring the Loxton Sands Formation, mostly located on the highland, corresponding to 

layer 2 in the model; 

¶ 1 bore monitoring the Bookpurnong Beds Formation located on the floodplain and corresponding to 

layer 3 in the model; and  

¶ 7 bores located on the floodplain and screened in the Murray Group Formation, corresponding to layer 3 

in the model.  

The relationship between the formations mentioned above are shown in Figure 2.5. 

Higher frequency monitoring data are available for the post audit , partly due to the installation of DEW water level 

loggers at key floodplain sites at Pike, Katarapko and Chowilla (Figure 2.6). Some logger data were used as part of 

the calibration of the original model ; however, the length of the data record was short and no significant changes 

in river flow occurred during the monitoring period. Although loggers provide higher frequency groundwater level  

data for th is post audit, the loggers were removed between mid-October and late November 2022 to prevent 

damage to equipment  during the flood . This means that the monitoring data does not capture the groundw ater 

response at the flood peak. Additionally, the only monitoring data available during the flood recession w ere 

manually recorded and; therefore, limited due to restricted access to the floodplain . The University of Queensland 

supplied some additional logger data for monitoring bores located on a floodplain  and the adjacent highland at 

Templeton, north of Murtho (Figure 2.6). These loggers were operational throughout the flood peak and recession 

and will also be used to assess the ability of the EPP model to simulate the groundwater response to the 2022-

2023 flood event.  
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Figure  2.4. Monitoring bore locations   
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Figure  2.5  Cross-section  of the  Pike Floodplain region, within Border to Lock 3 area (AWE 2012)
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Figure  2.6. Logger locations
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2.2.2  Salt load  

The ability of the EPP model to simulate changes in groundwater flux to river  under changing flow conditions  was 

assessed. The post-auditõs modelled g roundwater  salt loads are compared to those from BigMOD and the 2021 

Run of River (RoR) survey as well as instream salinity data monitored at Lock 3 to 6.  

For the EPP post audit model, the salt load to river is calculated by multiplying the mod elled groundwater flux to 

river by an assumed near-river groundwater  salinity for each river zone. The salinities applied in the post audit are 

unchanged from the EPP calibration model (DEW 2022) and are listed in Appendix B. The assumed near-river 

salinity for each river zone is constant throughout the model simulation . This is due to the limited availability of 

time series salinity monitoring data.  The use of a constant salinity value to calculate salt loads may result in the 

overestimation of salt inflow to the river during the early stages of the 2022 -2023 flood recession. This is because 

some degree of groundwater freshening may occur as a result of bank recharge and/or vertical recharge within 

the inundation footprint  during the rising limb of the flood . During the subsequent flood recession, this lower 

salinity groundwater is likely to return to the river first.  This lower salinity groundwater is not accounted for in the 

calculation of modelled salt load when a constant salinity value is used. 

MDBAõs BigMOD surface water model estimates salt loads to the River Murray. It uses measured river flow and 

salinity data, ôaccountedõ salt inputs and extractions to calculate ôunaccountedõ salt inflow through time. The 

ôaccountedõ salt loads are estimated from flow and salinity data from monitored tributaries and extraction for 

consumptive use. The unaccounted salt loads are the salt inflows required to be added to the system to balance 

the salt budget. Unaccounted salt loads represent inputs from groundwater and unaccounted surface water 

features. In SA, the unaccounted salt load is predominantly from groundwater as there are few unmonitored 

surface water sources of salt, apart from the salt wash-off from soils at the early stages of a flood  (DEW 2023). 

The data used in this analysis are the BigMOD unaccounted salt load in tonnes per day at a monthly time step for 

the period spanning July 2020 to April 2023. BigMOD unaccounted salt loads are available for the river reaches 

Lock 6 to Lock 5 and Lock 5 to Morgan for comparison with the EPP post audit calculated salt loads. The Lock 5 to 

Morgan reach extends beyond the EPP model domain and is used to provide indi cative salt load rather than for 

direct comparison with EPP model calculated salt loads between Lock 5 and Lock 3.  

RoR salinity surveys measure instream electrical conductivity every river kilometre over five consecutive days when 

river flows are low. A RoR survey was conducted by DEW in June 2021 with the data then analysed to generate salt 

inflow per river kilometre (Fifteen50 2022). Salt inflows calculated from RoR survey data largely reflect salt inputs 

from groundwater discharge ; however, they can also be influenced by inputs from surface water features. Salt 

loads calculated using the EPP model are compared to salt inflows from the 2021 RoR survey to assess the ability 

of the EPP model to simulate the groundwater flux to river at low flows (i.e., QSA 5 GL/d). 

Instream salinity data (as EC) for Lock 3 to Lock 6 and estimated river flow at the state border (QSA) are also 

compared to changes in modelled salt load to river during the post audit period . Unlike salt loads from BIGMOD 

and RoR, this is not an example of comparing the model results with equivalent observations, as the instream 

salinity depends on both the salt load and the flow. Instead, it is presented in order to examine how the salt load 

and the river flow may influence each other during the flood event .  
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3 Post audit results and discussion 

3.1 Groundwater heads  

Figure 3.1 presents a scatterplot of modelled versus measured groundwater heads for the post audit model. 

Figure 3.2 presents the average residual for each monitoring bore within the EPP model domain; a positive 

residual indicates areas where the model underestimates groundwater levels and conversely a negative residual 

indicates areas where the model overestimates groundwater levels. Figure 3.3 presents modelled groundwater 

contours for the Monoman Formation and Loxton Sands aquifers with modelled versus measured residuals for 

June 2022 (pre-flood)  when flow to SA was approximately 35 GL/d. Figure 3.4 presents the same data except for 

November 2022 a month before the flood peak when flow to SA was approximately 95 GL/d. Monitoring data are 

limited after November 2022 with most loggers r emoved to prevent equipment damage and due to limited access 

to the floodplain.  

The modelõs focus is on potentiometric head in the floodplain. Overall, the data indicates that there is excellent 

correlation between modelled and measured groundwater heads for bores located on the  floodplain (R2=0.9). The 

residual heads presented in Figure 3.2 to Figure 3.4 indicate that modelled groundwater levels are generally within 

1 m of the measured groundwater level for the majority of floodplain bores. The spatial pattern of where the 

model overestimates and underestimates heads on the floodplain is variable; however, it appears there is a 

tendency for the model to overestimate groundwater heads rather than underestimate them. This may be 

influenced by the method of importing the inundation footprint into the groundwater model which tends to 

overestimate the area of inundation recharge (DEW 2022), or to overestimates of groundwater recharge during 

floods (Zhang et al., 2023).  

The model has more discrepancies in the highland, due to known limitations of the model design with the model 

tending to overestimate groundwater heads compared to measured values (Figure 3.1). This pattern is also 

observed in Figure 3.2, particularly within long -established irrigation distri cts at Loxton, Berri, Monash and Lyrup. 

This same pattern was observed in the EPP calibration model and is due to simplifications made during the model 

set-up to reduce computational run times . The EPP calibration model report notes that in  older irrigatio n areas, 

groundwater mounds have developed in both the Loxton Sand aquifer and in the Murray Group aquifer. However, 

the EPP model does not simulate the Murray Group in highland areas, resulting in further head increases in the 

Loxton Sand. Hence, the model over-predicts heads in these areas. This should have minimal impact on the model 

results within the floodplain as there is generally good correlati on between modelled and measured heads in the 

Loxton Sands at the edge of the floodplain. There is also some discrepancy in the highland areas due to having to 

adjust highland recharge from salinity register models to fit into the different grid size of the EPP model (DEW 

2022).  

Statistics, such as the Scaled Root Mean Square (SRMS), can be used as an indicator of model performance, 

reflecting the goodness of fit of modelled groundwater levels compared to measured groundwater levels. 

Table 3.1 presents the model statistics for the EPP model for  the calibration period compared to the post audit 

simulation. A SRMS of 5% or below is commonly cited as good target for model performance (Middlemis et al. 

2001) although its appropriateness depends on many factors. The SRMS indicates that the overall performance of 

the model for the post audit is  good (4%), improving on the SRMS from the calibration period (7%). This provides 

confidence that the EPP model provides a reasonable representation of groundwater level changes in response to 

changing river flow conditions and recharge due to inundation.  The following factors are likely to have contributed 

to the improved SRMS for the post audit  period. 

¶ At the time the calibration model was developed, surface water model outputs used to generate the 

inundation recharge footprint and changes in river stage with changing flow for the groundwater model 

were only available for QSA up to 100 GL/d. However, multiple flood  events where peak flow exceeded 
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100 GL/d occurred over the calibration period (1900 to June 2020). Additional surface water model 

outputs for QSA exceeding 100 GL/d were available for the post audit  and provide a better representation 

of the 2022-2023 flood event where QSA peaked at approximately 185 GL/d. 

¶ Groundwater level data used to calibrate the EPP calibration model w ere manually collected and the 

spatial extent and monitoring frequency was limited prior to the 1980s. The spatial extent of the 

monitoring network and frequency of data collection has increased over  time, particularly with the 

construction of monitoring netw orks at the Pike and Katarapko floodplains as part of SARFIIP. A total of 

43,582 groundwater level records were available for the 120 year calibration period in the EPP model 

compared to 28,047 groundwater level records available for the 3.5 year post audit simulation . This 

additional data are mainly due to the installation of water level loggers  providing higher frequency data 

collection at key floodplain sites namely Pike, Katarapko and Chowilla (Figure 2.6). 

¶ The post audit simulation uses shorter duration stress periods than the EPP calibration period  (see Section 

2.1). The simulation period for the post audit model is much shorter than the calibration model which 

allows shorter stress periods to be used without causing significantly long model run times.  These shorter 

duration stress period better represent the short term changes in surface water flows and inundation 

extent during the 2022-2023 flood event compared to the monthly stress period adopted in the EPP 

calibration model.   

 

Table 3.1. Calibration Model Statistics Post audit  model  statistics compared to calibration model  

Statistic  

EPP Calibration 

Model ( DEW 

2022) 

EPP Post Audit  

Model  

(2024)  

Residual Mean -0.13 -0.17 

Absolute Residual Mean 1.04 0.51 

Residual Std. Deviation 1.61 0.74 

Sum of Squares 113,702 16,183 

RMS Error 1.62 0.76 

Min. Residual -9.06 -10.2 

Max. Residual 11.12 13.48 

Number of Observations 43,582 28,047 

Range in Observations 24.44 19.74 

Scaled Residual Std. 
Deviation 

0.07 0.04 

Scaled Absolute Residual 
Mean 

0.04 0.03 

Scaled RMS Error 0.07 0.04 

Scaled Residual Mean -0.01 -0.01 
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Figure  3.1. Modelled versus observed potentiometric heads 
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Figure  3.2. Average potentiometric head residual  
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Figure  3.3. Modelled potentiometric surface and model residuals  pre flood ( June 2022)  
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Figure  3.4. Modelled potentiometric surface and model residual s during rising limb of flood  (November 2022)  
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3.2 Groundwater trends  

Hydrographs comparing measured and modelled groundwater heads are presented in Appendices C to G. 

Monitoring data are limited at the time of the flood peak (22 nd December 2022 at SA border) with most loggers 

removed between mid-October and late November 2022 (to prevent damage to the equipment) and during the 

flood recession due to limited access to the floodplain.  The following discussion of modelled and measured 

groundwater trends focuses on bores with the longest data records (mainly logger sites) and the three largest 

floodplains within the model extent namely, Chowilla, Pike and Katarapko.  

Hydrograph data for the Chowilla floodplain are presented in Appendix C and shows that the correlation between 

modelled and measured groundwater level data is reasonably good within the Monoman Formation.  Some 

separation can be observed between modelled and measured data during the rising limb of the flood at sites from 

Chowilla 70300601 and 70300695 (Figure 3.5 and Figure 3.6) with the model over predicting  the rise in 

groundwater levels due to the flood.  This may be influenced by the method of importing the inundation footprint 

into the groundwater model which tends to overestimate the area of inundation recharge (DEW 2022). Monitoring 

bore 70300703 (Figure 3.7) also shows an increase in measured groundwater levels at the end of 2021 that is not 

replicated by the model and may reflect operation of the Chowilla Regulator in August 2021 (not simulated by the 

model). 

 

Figure 3.5. Modelled versus measured  groundwater hydrograph for bore 703000601 at Chowilla  
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Figure 3.6.  Modelled versus measured  groundwater hydrograph for bore 7030 00695 at Chowilla  

 

Figure 3.7. Modelled versus measured  groundwater hydrograph for bore 703000703 at Chowilla  
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Hydrograph data for the Pike floodplain are presented in Appendix D, showing a generally good match between 

measured and modelled groundwater levels for the Monoman Formation . Monitoring data indicates that 

groundwater levels in the Monoma n Formation (e.g., 702902877 in Figure 3.8) respond to changes in surface 

water levels upstream of the Pike and Tanyaca regulators due to their operation in mid to la te 2020, 2021 and 

2022. Regulator operation on the Pike floodplain is not represented in the post audit  model as surface water 

model outputs to replicate these events in the groundwater model are not currently available . Therefore, the 

model does not replicate the changes in measured groundwater level at the time of regulator operation.  Despite 

this, hydrograph data indicates that the model fit to measured groundwater heads is generally good within the 

floodplain at Pike with respect to both level and pattern (Figure 3.9 and Figure 3.10). There are some small 

differences between modelled and measured data particularly around Tanyaca Creek and Tanyaca Horsehoe 

where the model overestimates the groundwater level during the rising limb of the flood and underestimates the 

groundwater level during the recession (e.g., 702902865 in Figure 3.11).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8. Modelled versus measured groundwater hydrograph for bore 702902877 at Pike Floodplain  
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Figure 3.9. Modelled versus measured groundwater hydrographs for bore 702902866 at Pike Floodplain  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10. Modelled versus measured groundwater hydrographs for bore 702903038 at Pike Floodplain  
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Figure 3.11. Modelled versus measured groundwater hydrographs for bore 702903 865 at Pike Floodplain  
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Hydrograph data for the Katarapko floodplain are presented in Appendix E and shows that the correlation 

between modelled and measured groundwater level data is relatively good within the Monoman Formation  (e.g., 

702903028 in Figure 3.12). However, where differences occur, the model generally tends to overestimate 

groundwater heads during the rising limb of the flood  (e.g., 702903031 in Figure 3.13). This may be influenced by 

the method of importing the inundation footprint into the groundwater model which tends to overestimate the 

area of inundation recharge (DEW 2022) or to overestimates of groundwater recharge during floods (Zhang et al., 

2023). The greatest difference between logger data and modelled data can be observed at bore 702903027 

(Figure 3.14). Monitoring data indicates that the screen is blocked at this location and ; therefore, the measured 

groundwater response may not be accurate at this bore.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.12. Modelled versus measured groundwater hydrograph for bore  702903028 at Katarapko  
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Figure 3.13. Modelled versus measured groundwater hydrograph for bore 702903031 at Katarapko  

Figure 3.14. Modelled versus measured groundwater hydrograph for bore 70290 3027 at Katarapko  
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Groundwater level data were recorded throughout the 2022 -2023 flood event at a floodplain site at Templeton, 

north of Murtho ( Figure 2.6) as part of a study by the University of Queensland. These logger data are presented 

with modelled hydrograph data in Appendix F. Note that some of the pre -flood logger data shows responses to 

environmental watering that are not represented  in the post audit model (e.g. , SA2 and SA3 in Figure 3.15). These 

environmental watering events occurred in March 2021, May 2021 and January 2022 (Zhang et al. 2022). 

Comparison between measured and modelled groundwater levels for the floodplain bor es indicates that the post 

audit model underestimates the peak groundwater level at this location by approximately 1.5  m to 2 m and the 

timing of the peak is also delayed occurring a month later in the modelled datasets (January 2023). This is likely 

caused by surface water inputs for the model only being available for QSA flows of up to 100  GL/d for this 

location (flood peak ~185  GL/d). The hydrograph data indicates that the model provides a relatively good 

approximation of groundwater levels on the floodp lain at this location for QSA flows less than 100 GL/d with 

modelled levels generally within 1 m (below) of measured groundwater levels (Figure 3.16).  

 

 

Figure 3.15. Modelled versus measured groundwater hydrographs for floodplain bores SA2 and SA3 at Murtho  

 

Figure 3.16. Modelled versus measured groundwater hydrograph for floodplain bore 702902091 at Murtho  
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Monitoring bores 7029 -2589 and 7029-2588 are located on the highland and are screened within the Loxton 

Sands aquifer (Figure 3.17). Logger data from these bores indicates a more subdued response to the 2022-2023 

flood event compared to the monitoring bores located on the adjacent floodplain.  The peak in groundwater levels 

is also delayed on the highland, occurring in late March 2023 compared to late December 2022 for the monitoring 

bores located on the adjacent floodplain.  The available data also indicates that groundwater levels remain 

elevated at the end of the logger record and there has only been a slight decline since the flood peak. For the two 

highland sites, the post audit model provides a relatively good representation of the timing and magnitude of the 

groundwater response to the flood event but tends to underes timate groundwater heads at this location by 

approximately 1 m. 

 

Figure 3.17. Modelled versus measured groundwater hydrographs for highland bores 702902589 and 7029 02588 

at Murtho  
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3.3 Groundwater ð surface -water interaction and salt load to river  

3.3.1  Modelled groundwater ð surface -water interaction  

In the model, flow between the river and groundwater is simulated via two kinds of MODFLOW boundary 

conditions: via river cells for permanent surface water features; and via recharge for inundated areas that become 

part of the river during high flows. The total river flow to groundwater is the sum of these two components.  Flow 

from the groundwater to the river occurs via the river cells only.  

Figure 3.18 presents the net groundwater flux to and from river cells at four different times during the model 

simulation, where a negative value indicates gaining stream conditions and a positive value indicates losing stream 

conditions. Figure 3.19 presents the modelled flux to groundwater from inundation recharge which can also be 

considered as part of the total losing stream flux. Figure 3.20 presents the modelled groundwater flux to river 

(river outflow/gaining stream) and flux from the river to the floodplai n aquifer (river inflow/losing stream including 

inundation recharge). 

Previous work on the EPP model noted that river and groundwater interactions are at the upper end of what 

would be considered acceptable with respect to aligning the water balance results with the conceptualisation. 

Trials of higher inundation recharge rates during the calibration process showed that this parameter was 

influencing the timing of the river and groundwater interactions. Specifically, the higher rate resulted in the 

groundwater flux to the river occurring earlier, prior to the peak of the flood. Lowering the rate during calibrati on 

improved this relationship. However, the model is potentially biased towards having a larger post -flood 

groundwater flux to river which is closer to the peak of the flood (DEW 2022). 

3.3.2  Modelled salt load to river  

Salt load to river is calculated for each river reach by multiplying the modelled groundwater flux to river by an 

assumed near river groundwater salinity (see Section 2.2.2). 

Figure 3.21 presents the calculated salt load to river between Lock 3 and Lock 6 with flow to SA using the flux data 

presented in Figure 3.20 (gaining stream flux). The following can be observed from the modelled fluxes and 

calculated salt loads from the EPP Model. 

¶ Prior to the 2022-2023 flood event, when QSA is mostly below 10 GL/d, the average salt load to river is 

approximately 300 t/d for the Lock 3 to Lock 6 reach.  

¶ Salt inflows are suppressed from late July 2021 to late September 2022, declining to an average of 170 t/d  

when QSA increases to between 20 GL/d and 60 GL/d. This can also be observed in Figure 3.18 where 

there is an increase in the extent of losing stream conditions (green) in June 2022 compared to September 

2020. 

¶ Salt load to river significan tly increases in early October 2022 when QSA exceeds 60 GL/d. This can also be 

observed in Figure 3.18 where there is an increase in the extent of gaining stream conditions (orange) in 

November 2022 compared to June 2022. However, the overall flux from the river to the floodplain aquifer  

(total losing stream) still exceeds groundwater discharge to the river at this time (gaining stream) 

(Figure 3.20). An increase in the strength of losing stream conditions can be observed at some locations 

(e.g. Lyrup and Murtho).   

¶ Model results suggest a peak salt load of 3,500 t/d for the Lock 3  to Lock 6 reach. This peak in salt inflow 

occurs in early to mid -January 2023 (depending on the reach) which is 2 to 4 weeks after river flows 

peaked at the Border (December 22nd 2022). This initial peak in salt inflow from groundwater  occurs while 

QSA is still high (>100  GL/d) allowing dilution.   
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¶ Salt inflow is greatest in the Lock 3 to Lock 4 reach which is also the longest weirpool, followed by Lock 4 

to Lock 5 and then Lock 5 to Lock 6. This is consistent with the analysis of historical BigMOD unaccounted 

salt loads during flood events which also found salt loads were highest in the Lock 3 to Lock 4 reach and 

comparable in the Lock 4 to Lock 5 and Lock 5 to Lock 6 reaches (DEW 2023).  

¶ It is likely that the timing and magnitude of peak salt inflow in the Lock 5 to Lock 6 is impacted by surface 

water inputs only being available for QSA of up to 100 GL/d upstream of Murtho.   

¶ Salt loads to the river begin to increase again in mid-May 2023 when QSA drops below drops below 

25 GL/d.   

¶ Model results indicate that a second, smaller peak in salt load occurs in early June 2023 when QSA is 

approximately 11 GL/d. This is also shown in Figure 3.18 where there is an increase in the extent and 

strength of gaining stream conditions (orange) and in Figure 3.20 where the total groundwater  flux to 

river (gaining stream) exceeds the total losing stream flux.   

¶ Salt inflow is then suppressed between early July and mid-September 2023 when QSA again increases to 

50 GL/d.  

¶ A third, smaller again, peak in salt load can be observed in late December 2023 when river flow drops 

below 20 GL/d.  

¶ At the end of the post audit simulation period, salt inflow between Lock 3 and Lock 6 remains elevated 

(560 t/d) compared to the average pre -flood salt inflow (300 t/d)  

A key point of interest when examining flood events is the timing  of the peaks in salt load to the river  which is 

driven by the groundwater flux to river . Initially, as the river rises, the losing stream component (river inflow  and 

inundation recharge) increases while the gaining stream (river outflow) component decreases. This occurs initially 

for the 2022-2023 flood event with the groundwater flux to river suppresse d when river flows range between 

20 GL/d and 60 GL/d. At river flows of approximately 60 GL/d, floodplain inundation recharge increases near-river 

groundwater levels to the point where the groundwater flux to river (river outflow) begins to increase; however, 

the total losing stream component of the permanent surface water features (river inflow) remains higher until early 

December 2022. 

As noted earlier, the model is potentially biased towards having a larger post -flood groundwater flux to river . As a 

result, the initial peak in salt load estimated by the model (early to mid -January) may occur earlier than it was 

observed, although  it is difficult to confirm this with the current availability of data . Comparison between the EPP 

modelled salt loads and BigMOD unaccounted salt loads (see Section 3.3.4) suggests that the timing of the initial 

salt load peak is similar. However, BigMOD unaccounted salt loads are only available at monthly intervals, over 

limited reaches and contain negative values making direct comparison between the two sources difficult . BigMOD 

unaccounted salt loads may also be influenced by surface water inputs such as salt wash-off during the early part 

of the flood recession.     
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Figure  3.18. Modelled net groundwater flux to and from river cells  
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Figure  3.19. Modelled flux to groundwater from inundation recharge  
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Figure  3.20. Flow to SA and m odelled interaction between surface water and groundwater  

 

Figure  3.21. Calculated salt load to river  
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3.3.3  EPP model and Run of River survey salt loads  

Figure 3.22 to Figure 3.24 present a comparison between the cumulative salt inflow between locks calculated from 

the EPP model and 2021 RoR survey. 

In the Lock 6 to Lock 5 reach, the RoR survey results show the influence of salt inflow from surface water features, 

particularly Chowilla Creek (Figure 3.22). Salt inflow from surface water is not represented in the EPP model and 

increases in salt load due to surface water inputs are not observed in the EPP model salt loads (as expected). The 

spatial distribution of salt inflow differs between the two sources with the EPP model showing an increase in salt 

inflow immediately downstream of Lock 6 and little salt inflow in the remainder of the reach. The RoR survey 

suggests a gradual increase in salt inflow throughout the reach downstream of the Chowilla Creek confluence.  

Although the pattern of salt inflow varies between the two sources the total quantum of salt inflow (without the 

influence of surface water inflows) between Lock 5 and Lock 6 is similar with a total of 7.3 t/d from RoR and 9.6 t/d 

from the EPP model. While similar, the reason for these differences is unclear but could be influenced by the 

adopted groundwater salinities used to calculate salt loads from the EPP model. The collection of updated near-

river groundwater salinity data could be used to address this uncertainty. 

A similar comparison between the EPP model and RoR salt loads can be observed in the Lock 5 to Lock 4 reach 

(Figure 3.23). The EPP model suggests most of the salt inflow in the reach occurs in the 5 to 10 km downstream of 

Lock 5 with low rates of salt inflow downstream of river km 550. The RoR survey also shows an increase in salt load 

in 5 km downstream of Lock 5 but of lower magnitude than the EPP model. Although the spatial patte rns of salt 

inflow differ the total quantum of salt inflow in the Lock 5 to Lock 4 reach is comparable with a total of 56 t/d from 

RoR (excluding inputs from adjacent Salt Creek) and 53.3 t/d from the EPP model. The reason for these differences 

is unclear but could be influenced by the adopted groundwater salinities used to calculate salt loads from the EPP 

model.  

Figure 3.24 presents the salt inflow comparison for the  Lock 4 to Lock 3 reach and shows that the results from the 

RoR survey and EPP model are consistent in terms of both spatial distribution and total salt inflow. The two 

datasets diverge slightly downstream of the Katarapko Creek confluence and adjacent Wachtels Lagoon and Loch 

Luna indicating the influence of surface water inputs in the RoR survey but overall there is good correlation 

between the results in the Lock 4 to Lock 3.  

 

Figure  3.22. Comparison between the cumulative salt load to river in June 2021 from the EPP model and the 2021 RoR 

survey - Lock 6 to Lock 5  
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Figure  3.23. Comparison between the cumulative salt load to river in June 2021 from the EPP model and the 2021 RoR 

survey - Lock 5 to Lock 4  

 

 

Figure  3.24. Comparison between the cumulative salt load to river in June 2021 from the EPP model and the 2021 RoR 

survey - Lock 4 to Lock 3  
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3.3.4  EPP modelled salt loads  and BigMOD unaccounted salt loads  

Figure 3.25 compares the salt load to river calculated using the EPP model with unaccounted salt loads from 

BigMOD (provided as a monthly average) for the Lock 5 to Lock 6. The BigMOD unaccounted salt loads may be 

higher than the EPP model salt loads as they represent inputs from both groundwater and unmonitored surface 

water features (including salt wash off from soils). However, in SA unaccounted salt loads are expected to 

predominantly represent inputs  from groundwater.  

Figure 3.25 indicates that pre-flood salt loads are comparable between the two model outputs. The BigMOD 

outputs contain some negative values which may be caused by errors in instream salinity measurements and/or 

poor mixing . BigMOD estimates a peak salt load approximately 200 t/d greater than the EPP model during the 

2022-2023 flood event. This may reflect the influence of unaccounted salt loads from surface water sources in the 

BigMOD outputs. The difference in peak salt load is also likely to be impacted by surface water inputs only being 

available upstream of Murtho for river flows up to 100  GL/d. The groundwater response to the 2022-2023 flood 

event is likely to be underestimated by the EPP model upstream of Murtho. The BigMOD salt load peak occurs a 

few weeks earlier (December 2022) than the peak salt load estimated by the EPP model (January 2023). This may 

be influenced by the monthly timestep used by BigMOD compared to the daily timestep used in the EPP model at 

this time. Although there is a difference in the peak salt loads, the timing and increase in salt load during the rising 

limb of the flood matches relatively well  between the two model outputs for QSA of up to 135 GL/d.   

During the flood recession, BigMOD unaccounted salt loads show a second peak in March and April 2023. The 

timing of this second peak is earlier than that observed in the EPP model output where a second salt load peak 

occurs in early June 2023. The increase in salt load from BigMOD in March may reflect the influence of salt inflow 

from surface water features.  Unfortunately, the BigMOD outputs o nly extend to April 2023 so it is not currently 

possible to see if BigMOD also predicts the increase in salt load in June 2023 that is observed in the EPP model 

output . 

Figure 3.26 compares the unaccounted salt loads from BigMOD for the Lock 5 to Morgan reach with the shorter 

Lock 5 to Lock 3 reach from the EPP model. The BigMOD Lock 5 to Morgan reach extends beyond the EPP model 

domain and is used to provide indicativ e salt load rather than for direct comparison with EPP model output .  

Figure 3.26 indicates that pre-flood salt loads are comparable between the two model outputs and are generally 

higher for the BigMOD outputs as expected over the larger river reach. The BigMOD outputs contain some 

negative values during the flood peak so it is not possible to compare the peak salt load estimates between the 

two models. The negative values in the BigMOD data may be caused by errors in instream salinity measurements 

and or poor mixing. Salt loads in March and April 2023 during the flood recession are also comparable between 

the two model outputs.   
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Figure  3.25. Lock 6 to Lock 5 calculated salt inflow compared to BigMOD unaccounted salt loads  

 

Figure  3.26. Lock 5 to Lock 3 calculated salt inflow compared to  BigMOD unaccounted salt loads for Lock 5 to Morgan  
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3.3.5  EPP model salt loads and instream salinity  

Figure 3.27 to Figure 3.29 present the calculated groundwater salt load to river with observed instream salinity 

data (as EC) for Lock 3 to Lock 6 and estimated river flow at the state border (QSA). Unlike BIGMOD unaccounted 

salt loads or RoR surveys, this is not an example of comparing the model results with equivalent observations, as 

the instream salinity depends on both the salt load and the flow. Instead, it is presented in order to examine how 

the salt load and the river flow may influence each other during the flood and post -flood periods. It is possible to 

generate a modelled instream salinity if the modelled groundwater salt loads are used as inputs to the Source 

model of the SA River Murray, this is included as a recommendation for future work (see Section 4.2.6). 

The data indicates that the peak instream salinity does not occur at the same time as the maximum rate of salt 

inflow from groundwater. Model results indicate that peak salt inflow occurs while river flows remain high 

(>100 GL/d), diluting salt loads from groundwater discharge to the river.  

Instream salinity begins to rise in late January to early February as river flows decrease during the flood recession. 

An initial peak in instream salinity (989 EC) can be observed at Lock 3 in early February 2023. The timing of this 

peak is earlier than those observed at the upstream locks and may reflect the influence of salt inflow from surface 

water features just upstream of Lock 3 (e.g., Lake Bonney) as river flows are still elevated at this time (>40 GL/d). 

Modelled salt inflow is also declining during this time.  

For Locks 4 to 6, the peak in instream salinity occurs in early to mid -June 2023 and a second smaller salinity peak 

can also be observed in the Lock 3 data at this time. The peak instream salinity in June 2023 ranges from 424 EC 

at Lock 6 up to 600 EC at Lock 3 when QSA is between 11 GL/d and 16 GL/d. This is approximately 6 months after  

the peak in river flow and 5 months after the peak in salt load to river. The timing of the instream salinity peak in 

early to mid-June 2023 coincides with the second peak in modelled salt load to river which occurs in early June 

2023.   

 

Figure  3.27. Calculated salt load to river and instream EC monitoring data Lock 5 to Lock 6  
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Figure  3.28. Calculated salt load to river and instream EC monitoring data Lock 4 to Lock 5  

 

Figure  3.29. Calculated salt load to river and instream EC monitoring data Lock 3 to Lock 4  
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4 Summary and r ecommendations  

4.1 Summary  

The aim of this post audit is to assess the degree to which the EPP model replicates the groundwater response to 

the 2022-2023 flood event in terms of both changes in groundwater level and salt load to river. This informs our 

level of confidence in the ongoing us e of the EPP model as an assessment tool for proposed floodplain 

management actions.   

Overall, the post audit indicates that there is excellent correlation between modelled and measured groundwater 

heads, particularly for bores located on the floodplain. However, monitoring data are limited at the time of the 

flood peak with most loggers removed between mid -October and late November 2022 (to prevent damage to the 

equipment) and during the flood recession (due to limited access to the floodplain ).  

The SRMS indicates that the performance of the model for the post audit is good (4%), improving on the SRMS 

from the calibration period (7%). Modelled groundwater levels are generally within 1  m of the measured levels for 

the majority of floodplain bores.  This provides confidence that the EPP model gives a reasonable representation of 

groundwater level changes in response to changing river flow conditions and recharge due to inundation. The 

spatial pattern of where the model overestimates and underestimates heads on the floodplain is variable; 

however, it appears there is a tendency for the model to overestimate groundwater heads rather than 

underestimate them.  This may be influenced by the method of importing the inundation footprint into the 

groundwater m odel which tends to overestimate the area of inundation recharge (DEW 2022) or to overestimates 

of groundwater recharge during floods (Zhang et al  2023). This suggests that the modelling approach is 

conservative as the EPP model will also tend to overestimate the groundwater flux to river and salt load to river as 

a result of higher groundwater heads. 

There are some larger discrepancies between modelled and measured groundwater levels on the highland 

particularly within long -established irrigation districts  at Loxton, Berri, Monash and Lyrup. This same pattern was 

observed in the EPP calibration model and is attributed to simplifications made during the model set -up to reduce 

computational run times , particularly representation of the Murray Group  as an inactive layer on the highland 

(DEW 2022).  

Salt loads from the 2021 RoR survey have been compared to the salt loads calculated using the EPP model to 

assess the ability of the model to replicate salt loads to river at low flows. In the Lock 6 to Lock 5 and Lock 5 to 

Lock 4 river reaches the spatial distribution of salt inflow differs between the two sources with the EPP model 

indicating higher rates of salt inflow immediately downstream of the l ocks compared to the RoR survey. However, 

the total quantum of s alt inflow calculated from the RoR survey and EPP model is similar. The reason for these 

differences is unclear but could be influenced by the adopted groundwater salinities used to calculate salt loads 

from the EPP model. The collection of updated near-river groundwater salinity data could be used to address this 

uncertainty. In the Lock 4 to Lock 3 reach (longest weirpool in the model) there is good correlation between both 

the spatial distribution and total salt inflow from the EPP model and RoR survey.   

BigMOD unaccounted salt loads have been compared to salt loads calculated using the EPP modelled flux to river 

and an assumed near-river salinity. Salt loads from both sources are comparable, particularly prior to the 2022-

2023 flood event. Although diff erences in salt load to the river can be observed during the flood event, the timing 

and increase in salt load during the rising limb of the flood matches relatively well between the two model outputs 

for the Lock 5 to Lock 6 reach. The timing of the second peak differs between models and it is unclear why. The 

salt load to river comparison is more difficult downstream of Lock 5 for three main reasons: (i) the BigMOD results 

represent a river reach that extends beyond the EPP model domain; (ii) a component of the unaccounted salt 

loads may be due to surface water inputs; and (iii) the BigMOD dataset includes a large negative salt load during 

the flood peak which may be caused by salinity measurement errors and poor mixing.  BigMOD salt loads are only 



 

40 

 

OFFICIAL 

OFFICIAL  

available up to April 2023 so a comparison between the model outputs for a longer period of the flood recession 

is not currently possible.   

In conclusion, the EPP groundwater model demonstrates a good match to observed floodplain heads and 

estimated salt loads. It matches the total RoR salt load estimates between locks but, in two out of three lock 

reaches, the spatial trends differ between the model and RoR. There is a good match between the EPP model and 

BIGMOD estimates of groundwater salt load between Locks 5 and 6 except for the timing of a second peak for 

reasons which are unclear. Other reaches are not directly comparable. 

4.2 Recommendations  

The following section details recommendations for both groundwater monitoring and future modelling work as 

outcomes from the EPP model post audit. For full discussion of limitations and recommendations from the 

development and calibration of the EPP model please refer to DEW (2022).   

4.2.1  Groundwater level m onitoring  

This post audit demonstrates the usefulness of water level loggers in providing higher frequency monitoring data 

to better understand groundwater responses to changing flow conditions. However, the majority of loggers used 

in this study needed to be removed prior to the flood peak to prevent damage to equipment. This means that the 

groundwater response to the flood peak was not captured and data collected during the flood recession w ere 

limited. It is recommended that the type of logging eq uipment and the method of installation be reviewed so that 

data can be collected for the duration of a flood event (or management action) . DEW is currently reviewing 

options to allow continuous groundwater monitoring during flood events  at a small number of bores.  

4.2.2  Groundwater salinity m onitoring  

The assumed near-river salinity applied in this analysis is based on the best available data; however, salinity data 

are generally sparse and bores rarely have more than one salinity measurement. As the calculated salt load to river 

is dependent on the assumed near-river groundwater salinity, collecting updated salinity data adjacent surface 

water bodies is key to improv ing confidence in the salt loads calculated using the EPP model.  

The spatial extent, timing and magnitude of groundwater freshening that occurs d uring flood events  as a result of 

both bank recharge and inundation  recharge is largely unknown. Salinity profiling data have been collected (and 

continues to be collected) at the Pike and Katarapko floodplains. Airborne electromagnetic surveys of several 

floodplains has been conducted since the early 2000s with the last survey having been conducted in 2024. It is 

recommended that th ese data be analysed to assess the extent, magnitude and timing of groundwate r salinity 

changes that occurred as a result of the 2022-2023 flood event.  

Event-based salinity monitoring should also be considered as part of floodplain management actions such as 

weirpool manipulation or regulator operation. This should include the col lection of time series salinity data 

through profiling (where bore construction is suitable) or discrete sampling prior to, during and fo llowing the 

management action. These data could then be used to better understand changes in near-river groundwater 

salinity in response to bank recharge and inundation recharge. 

The collection of either local or larger scale geophysical data following future  flood events or floodplain 

management actions should be continued or expanded to improve understanding of the extent of groundwater 

salinity changes.    
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4.2.3  Representing the river and inundation footprint  

The EPP model represents permanent surface water features using the river package with a stage that varies with 

changes in river flow. The model also includes a spatially variable inundation  footprint to represent recharge when 

overbank flows occur. The EPP model applies a recharge rate of 1 mm/d within the inundation footprint with the 

rate being determined through the calibration pro cess (DEW 2022). Inundation recharge is a highly uncertain 

parameter and is likely to be spatially and temporally variable. The choice of the inundation recharge rate is also 

likely to impact on the timing and magnitude of the modelled groundwater flux to the river.  

Recent work by Zhang et al. (2023) investigated different methods for modelling inundation recharge including:  

¶ a constant recharge rate applied within a spatially variable inundation footprint (same as the EPP model);  

¶ a variable recharge rate applied within a spatially variable inundation footprint,  

¶ using river cells to represent the inundation footprint with a constant riverbed conductance and variable 

river stage; and 

¶ using river cells to represent the inundation footprint with variable rive rbed conductance and variable 

river stage. 

Zhang et al. (2023) conclude that the recharge package can be used to simulate inundation recharge when there 

are limited data regarding inundation recharge. However, using this approach can result in excess recharge being 

applied, particularly at the flood peak. The study also concluded that using the River Package with variable 

riverbed conductance was the most representative of the physical process of recharge from inundation but also 

required the most modelling  effort of the methods trialled. Future modelling work could consider the use of 

alternate methods to represent inundation, particularly the use of transient head dependent boundaries (e.g., the 

MODFLOW River package) instead of a constant recharge rate.     

4.2.4  Surface water model outputs  

Implementing surface water in groundwater models is one of the more time-consuming aspects of model 

construction. However, variable river level and inundation recharge are critical to include in models that focus on 

floodplain processes. It is recommended that future work consider ways of streamlining the process of importing 

surface water model outputs into groundwater models in collaboration with surface water modellers. It is also 

recommended that a consistent suite of surface water inputs be developed for the entire EPP model domain and 

for the entire flow range (e.g., 5 GL/d up to 200 GL/d). The surface water inputs should also seek to represent 

changes in river level upstream of the environmental regulators constructed at Chowilla, Pike and Katarapko.   

4.2.5  Modelling the Coonambidgal Formation  

The Coonambidgal Formation is not explicitly simulated in the EPP model. On the floodplain, l ayer 1 represents 

the Coonambidgal Formation but the layer is inactive. The EPP model was developed to support the timely 

investigation of environmental management scenarios; however, the low hydraulic conductivity of the 

Coonambidgal Formation has been known to significantly impact model run times and stability.  As a result, it was 

decided to make the Coonambidgal Formation an inactive layer in the EPP model (DEW 2022).  

It is recommended that future modelling work consider including the Coonambidgal Formation as an active layer 

to determine the impact this has on modelling groundwater re sponses to changing river conditions and 

particularly the groundwater response to inundation recharge. If it is not practical to explicitly model the 

Coonambidgal Formation, given the large model domain, consideration should be given to  the use of smaller 

domain models, such as the Pike and Katarapko models which include the Coonambidgal Formation, to compare 

the modelled groundwater responses to those predicted using the EPP model.   
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4.2.6  EPP Model salt loa ds 

The EPP model calculates salt load to river using the modelled groundwater flux and an assumed near river 

salinity. The salt loads calculated using the EPP model have been compared to unaccounted salt loads from 

BigMOD; however, these outputs were limited at the time of this post audit. It is recommended that , if additional 

BigMOD unaccounted salt loads become available for shorter river reaches or up to December 2023, the 

comparison to the EPP calculated salt loads be updated.   

The EPP model is not capable of calculating instream salinity changes resulting from salt inflow from groundwater. 

The salt load to river calculated using the EPP model could be used as an input to the equivalent DEW surface 

water model. The modelled instream salinity could then be compared to instream monitoring data recorded 

during the flood . This may improve confidence in the salt load estimates from the EPP model. This exercise may 

also contribute to understanding the impact that changes in near river salinity during flood events have on the 

estimation of salt loads from groundwater  discharge.  

4.2.7  Post audit  

While the results of this post audit suggest that the EPP model provides a reasonable representation of the 

groundwater response to changes in river flow, continuing review is important for the ongoing use of the model  

as a management tool. This may include a post audit following weirpool operations, if there is sufficient 

monitoring data available to support the post audit and if surface water inputs are available to replicate the 

management actions.   
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5 Appendices  

A. Stress period set up and adopted surface water input  

Start Date 
Stress 

Period 

Stress 

Period 

Length 

(days) 

Input from 

Surface 

Water 

Model 

(GL/d) 

1/07/2020 1 31 10 

1/08/2020 2 31 10 

1/09/2020 3 30 10 

1/10/2020 4 31 10 

1/11/2020 5 30 10 

1/12/2020 6 31 15 

1/01/2021 7 31 10 

1/02/2021 8 28 10 

1/03/2021 9 31 5 

1/04/2021 10 30 5 

1/05/2021 11 31 5 

1/06/2021 12 30 5 

1/07/2021 13 31 5 

1/08/2021 14 31 20 

1/09/2021 15 30 25 

1/10/2021 16 31 30 

1/11/2021 17 30 30 

1/12/2021 18 31 30 

1/01/2022 19 31 30 

1/02/2022 20 28 25 

1/03/2022 21 31 20 

1/04/2022 22 30 20 

1/05/2022 23 31 25 

1/06/2022 24 30 35 

1/07/2022 25 31 45 

1/08/2022 26 7 50 

8/08/2022 27 7 55 

15/08/2022 28 7 55 

22/08/2022 29 2 50 

24/08/2022 30 1 50 

25/08/2022 31 7 45 

1/09/2022 32 7 45 

8/09/2022 33 7 50 

15/09/2022 34 7 50 

22/09/2022 35 2 55 

24/09/2022 36 2 55 

26/09/2022 37 2 55 

Start Date 
Stress 

Period 

Stress 

Period 

Length 

(days) 

Input from 

Surface 

Water 

Model 

(GL/d) 

28/09/2022 38 3 55 

1/10/2022 39 2 55 

3/10/2022 40 2 60 

5/10/2022 41 2 60 

7/10/2022 42 2 65 

9/10/2022 43 2 65 

11/10/2022 44 1 70 

12/10/2022 45 2 75 

14/10/2022 46 2 80 

16/10/2022 47 2 80 

18/10/2022 48 7 80 

25/10/2022 49 7 85 

1/11/2022 50 1 85 

2/11/2022 51 7 90 

9/11/2022 52 7 100 

16/11/2022 53 2 100 

18/11/2022 54 2 100 

20/11/2022 55 2 120 

22/11/2022 56 2 120 

24/11/2022 57 2 120 

26/11/2022 58 2 140 

28/11/2022 59 3 140 

1/12/2022 60 2 160 

3/12/2022 61 2 160 

5/12/2022 62 2 160 

7/12/2022 63 2 160 

9/12/2022 64 2 160 

11/12/2022 65 2 160 

13/12/2022 66 2 160 

15/12/2022 67 2 180 

17/12/2022 68 2 180 

19/12/2022 69 2 180 

21/12/2022 70 2 180 

23/12/2022 71 7 180 

30/12/2022 72 2 180 

1/01/2023 73 7 160 

8/01/2023 74 7 140 
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Start Date 
Stress 

Period 

Stress 

Period 

Length 

(days) 

Input from 

Surface 

Water 

Model 

(GL/d) 

15/01/2023 75 2 120 

17/01/2023 76 2 120 

19/01/2023 77 2 120 

21/01/2023 78 2 100 

23/01/2023 79 2 100 

25/01/2023 80 2 100 

27/01/2023 81 2 90 

29/01/2023 82 1 90 

30/01/2023 83 1 85 

31/01/2023 84 1 80 

1/02/2023 85 1 75 

2/02/2023 86 1 70 

3/02/2023 87 2 65 

5/02/2023 88 2 55 

7/02/2023 89 2 50 

9/02/2023 90 2 50 

11/02/2023 91 7 45 

18/02/2023 92 7 40 

25/02/2023 93 4 35 

1/03/2023 94 7 35 

8/03/2023 95 7 30 

15/03/2023 96 7 30 

22/03/2023 97 7 25 

29/03/2023 98 3 25 

1/04/2023 99 7 25 

8/04/2023 100 7 25 

15/04/2023 101 7 25 

22/04/2023 102 2 25 

24/04/2023 103 7 25 

1/05/2023 104 7 20 

8/05/2023 105 7 20 

15/05/2023 106 7 15 

22/05/2023 107 7 10 

29/05/2023 108 3 15 

1/06/2023 109 7 10 

8/06/2023 110 7 10 

15/06/2023 111 7 15 

22/06/2023 112 7 20 

29/06/2023 113 2 25 

1/07/2023 114 7 30 

8/07/2023 115 7 35 

15/07/2023 116 7 40 

Start Date 
Stress 

Period 

Stress 

Period 

Length 

(days) 

Input from 

Surface 

Water 

Model 

(GL/d) 

22/07/2023 117 7 40 

29/07/2023 118 3 45 

1/08/2023 119 7 45 

8/08/2023 120 7 50 

15/08/2023 121 7 50 

22/08/2023 122 7 50 

29/08/2023 123 3 50 

1/09/2023 124 7 50 

8/09/2023 125 2 50 

10/09/2023 126 2 45 

12/09/2023 127 2 40 

14/09/2023 128 2 35 

16/09/2023 129 2 30 

18/09/2023 130 2 25 

20/09/2023 131 2 25 

22/09/2023 132 7 25 

29/09/2023 133 2 20 

1/10/2023 134 7 25 

8/10/2023 135 7 25 

15/10/2023 136 7 25 

22/10/2023 137 7 30 

29/10/2023 138 3 30 

1/11/2023 139 7 30 

8/11/2023 140 7 30 

15/11/2023 141 7 30 

22/11/2023 142 7 20 

29/11/2023 143 2 20 

1/12/2023 144 7 20 

8/12/2023 145 7 20 

15/12/2023 146 7 15 

22/12/2023 147 7 10 

29/12/2023 148 3 10 
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B. Adopted groundwater salinities for calculation of salt loads  

Zone 
number 

Zone description 
Assumed 
salinity 
(mg/L) 

100 419 km 20,500 

101 420 km 20,500 

102 421 km 21,500 

103 422 km 21,500 

104 423 km 21,500 

105 424 km 23,500 

106 425 km 23,500 

107 426 km 30,275 

108 427 km 30,275 

109 428 km 20,780 

110 429 km 20,780 

111 430 km 20,780 

112 431 km 20,780 

113 432 km 53,000 

114 433 km 53,000 

115 434 km 53,000 

116 435 km 5,500 

117 436 km 5,500 

118 437 km 5,500 

119 438 km 25,000 

120 439 km 25,000 

121 440 km 25,000 

122 441 km 42,000 

123 442 km 42,000 

124 443 km 42,000 

125 444 km 42,000 

126 445 km 42,000 

127 446 km 42,000 

128 447 km 42,000 

129 448 km 42,000 

130 449 km 22,000 

131 450 km 22,000 

132 451 km 22,000 

133 452 km 22,000 

134 453 km 46,900 

135 454 km 46,900 

136 455 km 46,900 

137 456 km 28,500 

138 457 km 28,500 

Zone 
number 

Zone description 
Assumed 
salinity 
(mg/L) 

139 458 km 33,500 

140 459 km 33,500 

141 460 km 33,500 

142 461 km 25,500 

143 462 km 20,000 

144 463 km 20,000 

145 464 km 3,000 

146 465 km 3,000 

147 466 km 22,000 

148 467 km 22,000 

149 468 km 22,000 

150 469 km 30,500 

151 470 km 30,500 

152 471 km 30,500 

153 472 km 29,500 

154 473 km 29,500 

155 474 km 29,500 

156 475 km 29,500 

157 476 km 29,500 

158 477 km 28,800 

159 478 km 5,500 

160 479 km 5,500 

161 480 km 5,500 

162 481 km 5,500 

163 482 km 5,500 

164 483 km 5,500 

165 484 km 5,500 

166 485 km 26,465 

167 486 km 14,923 

168 487 km 16,842 

169 488 km 22,000 

170 489 km 19,595 

171 490 km 22,500 

172 491 km 28,650 

173 492 km 28,000 

174 493 km 18,385.5 

175 494 km 16,762 

176 495 km 31,952 

177 496 km 35,688 
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Zone 
number 

Zone description 
Assumed 
salinity 
(mg/L) 

178 497 km 40,000 

179 498 km 43,000 

180 499 km 27,320 

181 500 km 24,000 

182 501 km 22,300 

183 502 km 23,400 

184 503 km 23,400 

185 504 km 32,550 

186 505 km 36,400 

187 506 km 14,000 

188 507 km 10,000 

189 508 km 10,000 

190 509 km 10,000 

191 510 km 25,500 

192 511 km 20,000 

193 512 km 13,000 

194 513 km 13,000 

195 514 km 13,000 

196 515 km 6,000 

197 516 km 30,500 

198 517 km 1,000 

199 518 km 12,976 

200 519 km 32,000 

201 520 km 20,500 

202 521 km 10,000 

203 522 km 10,000 

204 523 km 10,000 

205 524 km 37,000 

206 525 km 12,000 

207 526 km 8,000 

208 527 km 15,000 

209 528 km 22,000 

210 529 km 2,4500 

211 530 km 18,000 

212 531 km 10,526 

213 532 km 19,700 

214 533 km 15,000 

215 534 km 15,000 

216 535 km 12,000 

217 536 km 12,000 

218 537 km 12,000 

219 538 km 12,000 

Zone 
number 

Zone description 
Assumed 
salinity 
(mg/L) 

220 539 km 12,000 

221 540 km 12,000 

222 541 km 12,000 

223 542 km 5,500 

224 543 km 5,500 

225 544 km 35,000 

226 545 km 35,000 

227 546 km 40,000 

228 547 km 40,000 

229 548 km 40,000 

230 549 km 40,000 

231 550 km 40,000 

232 551 km 47,670 

233 552 km 27,449 

234 553 km 27,449 

235 554 km 27,449 

236 555 km 17,113 

237 556 km 17,113 

238 557 km 17,113 

239 558 km 32,000 

240 559 km 22,690 

241 560 km 5,500 

242 561 km 22,100 

243 562 km 4,182 

244 563 km 2,792 

245 564 km 2,000 

246 565 km 2,000 

247 566 km 2,000 

248 567 km 2,000 

249 568 km 2,000 

250 569 km 2,000 

251 570 km 23,000 

252 571 km 23,000 

253 572 km 15,000 

254 573 km 15,800 

255 574 km 19,500 

256 575 km 19,500 

257 576 km 19,500 

258 577 km 26,000 

259 578 km 26,000 

260 579 km 41,720 

261 580 km 20,000 
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Zone 
number 

Zone description 
Assumed 
salinity 
(mg/L) 

262 581 km 20,000 

263 582 km 20,000 

264 583 km 20,000 

265 584 km 20,000 

266 585 km 20,000 

267 586 km 20,000 

268 587 km 40,000 

269 588 km 40,000 

270 589 km 40,000 

271 590 km 50,000 

272 591 km 50,000 

273 592 km 35,200 

274 593 km 35,200 

275 594 km 42,000 

276 595 km 42,000 

277 596 km 15,000 

278 597 km 15,000 

279 598 km 15,000 

280 599 km 15,000 

281 600 km 15,000 

282 601 km 15,000 

283 602 km 15,000 

284 603 km 15,000 

285 604 km 15,000 

286 605 km 28,560 

287 606 km 28,560 

288 607 km 6,000 

289 608 km 6,000 

290 609 km 6,000 

291 610 km 16,942 

292 611 km 16,942 

293 612 km 16,942 

294 613 km 25,899 

295 614 km 25,899 

296 615 km 6,000 

297 616 km 37,308 

298 617 km 25,000 

299 618 km 20,502 

300 619 km 20,502 

301 620 km 20,502 

302 621 km 17,845 

303 622 km 17,845 

Zone 
number 

Zone description 
Assumed 
salinity 
(mg/L) 

304 623 km 4,844 

305 624 km 15,000 

306 625 km 15,000 

307 626 km 15,000 

308 627 km 15,000 

309 628 km 15,000 

310 629 km 15,000 

311 630 km 20,500 

312 Chowilla Creek, 
Monoman Creek 

4,000 

313 SW Chowilla Creek 35,109 

318 Horseshoe Swamp 4,190 

319 Little Hunchee 
Creek, Lake Merreti 

48,090 

321 South Lake Merreti 43,860 

322 South Lake 
Woolpolool 

28,777 

324 Ral Ral Wide Waters 27,897 

327 Goat Island 14,207 

328 West Goat Island 17,113 

329 Nelwort Island 18,375 

330 Pike Lagoon 38,665 

331 Pike River 30,720 

332 Snake River 38,890 

333 Rumpagunyah Creek 59,000 

336 Horseshoe Lagoon 29,985 

337 Bulyong Creek 45,000 

338 Disher Creek 3,637 

340 Gurra Gurra Lake 48,000 

341 NW Gurra Gurra 
Lake 

42,000 

343 The Splash 35,000 

345 Horseshoe Lagoon 
Katarapko 

999 

346 west of Kat 29,500 

347 Pyap Lagoon 20,100 

348 Spectacle Lake, 
Loveday Swamp, 
Cobdogla Swamp, 
Joyner Lagoon, 
Bruno Bay 

35,000 

349 Yatco Lagoon 28,863 

354 Watchtels Lagoon, 
Lake Bonney 

10,000 

357 Nockburra Creek, 
Loch Luna 

28,500 
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Zone 
number 

Zone description 
Assumed 
salinity 
(mg/L) 

359 West Loch Luna 5,500 

Zone 
number 

Zone description 
Assumed 
salinity 
(mg/L) 

360 Banrock Creek 21,500 
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C. Modelled versus measured hydrographs for logger sites at the Chowilla  

Floodplain  
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D. Modelled versus measured hydrographs for logger sites at the Pike 

Floodplain  
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