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The construction of the Snowy Mountain Hydro Scheme 1949 – 1974, has resulted in large inter-basin 

water transfer from the Snowy River to the Murray-Darling Basin, profoundly altering the biophysical condition 

of the river and its associated estuary and wetlands. The decline in health of the Snowy River system has led to 

the trial use of environmental water to improve river health. It is only by understanding outcomes of environmental 

flows, over the entirety of the system, that benefits of the watering scheme may be maximised. An extensive 

physical monitoring program of the entire estuary system was undertaken.  This was coupled with the development 

of a detailed 3D hydrodynamic model capable of predicting effects of flow on selected water parameters (salinity, 

temperature and level) in the Snowy River estuary. The monitoring information was used to extend the calibration 

of the model to a wide range of flow, temperature and salinity conditions so that the model may be used to better 

determine outcomes of environmental flows on selected biota which use the estuary, either permanently or 

temporarily. As part of the project, the model was used to determine if suitable water parameters (salinity and 

temperature) exist within the Snowy River estuary to allow spawning of Australian bass Macquaria 

novemaculeata, a catadromous native fish species. This information aided the development and implementation 

of the ecological monitoring part of the project.  The ecological monitoring aspect on Australian bass was due to 

the species being comparatively common (within the catchment), having a life-history completed solely within 

the catchment (i.e. no known marine phase), a catadromous life-history influenced by flows, and due to it being 

an iconic target species for recreational anglers. 
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1 INTRODUCTION  

1.1 Background 

The Snowy River is located in south-eastern Australia. The river's headwaters are in southern New South Wales 

on the slopes of Australia’s highest mountain, Mt Kosciuszko [1]. The river runs in an approximate southerly 

direction for 489 km, passing through mountainous terrain before flowing onto the Gippsland Plain and 

terminating into Bass Strait at Marlo in south-east Victoria [1]. 

Historically, flow of the Snowy River was characterised by, and dependent on, snow melt in spring [2]. 

Annually the river experienced a number of floods, particularly in spring when snow melt coincided with seasonal 

rainfall. The river, as a result, experienced highly variable flows with floodwaters moving rapidly down the 

catchment with little attenuation due to the narrow gorge that extends some 150 km through the Victorian section 

of the stream valley [2]. 

The construction of the Snowy Mountains Hydro-Electric Scheme (SMHS) from the mid-1960s, and 

subsequent large inter-basin water transfer (of approximately 99% of Mean Annual Natural Flow at Jindabyne) to 

the Murray-Darling Basin, brought about profound changes to the biophysical condition of the river and its 

associated estuary (see [3], [4]). River degradation and marked deterioration of stream flow, riparian vegetation 

and river channel morphology followed [4]. 

Mounting community awareness of the degraded state of the river, and proposed changes to the management 

of the river, resulted in an Expert Panel Assessment in 1996 and a Snowy Water Inquiry in 1998 to assess 

regulatory releases of environmental flows. In December 2000, agreement was reached between the New South 



Wales, Victoria, South Australian, and Commonwealth governments to progressively (over 10 years) restore 21% 

(212,000 ML) of Mean Annual Natural Flow back to the Snowy River [5], [6].  

The primary objective of environmental watering was to improve habitat for a diverse range of plant and 

animal species. This was to be achieved through a combination of improving the temperature regime of the river, 

achieving channel maintenance and flushing flows, restoring connectivity within rivers for migratory species, 

improving triggers for spawning, and improving the aesthetics of currently degraded riverine environments. 

The Gippsland Region Sustainable Water Strategy (GRWS) recognised the potential to use environmental 

flows as a management tool in the Victorian reaches of the Snowy River. As such, the GRWS requires the 

Victorian Environmental Water Holder, and East Gippsland Catchment Management Authority (EGCMA) to 

work closely with the Snowy Scientific Committee to negotiate a flow regime to benefit the lower Snowy River, 

estuary and wetlands. 

East Gippsland CMA has designed a three stage Victorian Snowy River environmental flow monitoring and 

investigation program.  Stage 1 aims to understand the effects of the existing flow regime on the ecological 

condition of the Victorian reaches to inform Stage 2, which will develop environmental flow recommendations, 

while Stage 3 will monitor the results of future flow releases.  This paper describes the physical monitoring and 

numerical modelling work undertake as part of Stage 1 of this process, focusing on the estuarine sections of the 

Snowy River.  The aim of this work was to provide information describing the link between hydrological 

conditions, hydrodynamics and the likely availability of suitable environmental (salinity and temperature) 

conditions for spawning of Australian bass. 

2 PHYSICAL MONITORING PROGRAM 

2.1 Scope 

A field data collection program was undertaken to capture the fundamental hydrodynamics and physical 

properties of the Snowy River estuarine system, including electrical conductivity (EC), temperature and dissolved 

oxygen. These datasets also enabled a validation of the hydrodynamic model to be undertaken.  The field data 

collection program comprised the following main components (Figure 1): 

 

 Water Level and Temperature Logging – continuous logging of tidal and river inflow driven water level 

variations within the estuary and of the oceanographic boundary conditions outside of the estuary entrance. 

 EC and Temperature Logging – continuous logging of EC and water temperature variations within the 

estuary. 

 EC, Temperature and Dissolved Oxygen Longitudinal Profiling – vertical profiles were taken at up to 22 

locations along the various waterways. 

 Bathymetric Entrance Survey – a hydrographic survey was undertaken at the estuary entrance to provide 

quantitative data on the state of the entrance mid-way through the monitoring program. 

 Aerial imagery capture – monthly aerial photos of the entrance were taken to provide a qualitative assessment 

of the entrance condition throughout the program duration. 
Figure1 provides a spatial overview of the various monitoring locations, while Table 1 summarises the program 

of work.  TP = Temperature Pressure, TS = Temperature Electrical-Conductivity, P = Pressure, DO = 

Dissolved Oxygen, DO* not including S3, SU1-3, B2-5, B7-8. 

Table 1 Summary of Physical Monitoring Program 

Activity Trip 1 6-8 May 2014 Trip 2 2-4 Sep 2014 Trip 314-15 Jan 2015 Activity 

Longitudinal 

Profiling 

(in channel) 

Electrical conductivity, 

Temperature, DO* at: 

S0-4,6,8,10; SU1-4; C3; 

B1-13 

Electrical conductivity, 

Temperature, DO* at: 

S0-6,8; C3; B1-3,9 

Electrical conductivity, 

Temperature, DO* at: 

S0, S1, S2, S3, S4, S5, S6, S7, 

S8,C3, B1, B2, B3, B4, B5, 

B6, B7, B8, B9,B10, B12, 

B13 

Longitudinal 

Profiling 

(in channel) 

Loggers (at 

river banks) 

2TS,1TP:  S2,S8, B3 

1TS, 1TP: C3,B9,P: Cape 

Conran All deployed 

All TS & TP swapped.  

2nd P installed at Cape 

Conran 

Initial Cape Conran logger 

lost 

 

Loggers (at river 

banks) 

Survey  21 Aug 2014  Entrance survey 

Survey 
May 8, Jun 1,18,21 Jul 

20,30 

  Entrance aerial 

photography 



 

 

 

 

Figure 1 Logger (red) and Profile (green) sites for Snowy River estuary 

 

To inform the interpretation of the physical monitoring data the following additional information was 

also sourced: 

 Data on the environmental water releases from NSW Office of Water.  

 Discharges from gauging stations in the Snowy River at Dalgety Weir, Burnt Hut, McKillop Bridge, Basin 

Creek, Jarrahmond and the Brodribb River at Sardine Creek from the Department of Environment Water 

Land and Planning, Victoria and the NSW Office of Water. 

 Meteorological data for Orbost over the monitoring period from the Bureau of Meteorology. 

2.2 Measurement Data Analysis 

2.2.1 Water Levels 

The water levels records obtained over the month of June are shown in Figure 2. Similar to the results 

reports in [7], the general water level trends observed are typical of most estuaries: the further upstream the 

location in the estuary the higher the mean water levels, the more reduction in tidal amplitude, and increasing 

phase lag with distance upstream. 

The monitoring data also clearly show a smaller tidal amplitude of around +0.2 m prior to a minor flood event 

around the 16 June, which indicates the entrance condition was constricted and tending towards a closed state.  

When the entrance is constricted the tidal amplitude in the estuary is decreased, the phase (lag) is increased and 

the mean water level in the estuary is higher.  Following the flood, the entrance opens and the tidal amplitude is 

increased around +0.8 m.  This tidal amplitude and the more open entrance condition is maintained over the 



remainder of the monitoring period. A delay can be seen before the tidal signal regains amplitude in the upstream 

stations of Lake Corringle and Curlip Jetty. 

 

Figure 2 Water Levels at Various Locations in June 2014 

2.2.2 Salinity 

Electrical conductivity (EC) is a measure of salinity.  For this project two types of data were obtained: 

 Time series at several selected sites were obtained using Odyssey temperature/EC recorders, and 

 Longitudinal salinity profiles were obtained on each occasion that the loggers were installed retrieved using 

handheld EC loggers. 

These two types of data were used together to provide a record of the salinity distribution in the estuary 

channels over the study period. Within a couple of days of their installation at the start of May, the loggers showed 

increasing EC throughout the estuary. This was a period of low river flow, following a fresh in mid-March and 

the much smaller fresh on 4 May. EC dropped briefly in the fresh on 9 June while the subsequent flood on 15-16 

June washed most of the saline water out of Lake Curlip, the Brodribb River, the Snowy River above its confluence 

with the Brodribb River, and Lake Corringle.  

In the Snowy River downstream of the confluence a fresh surface layer formed. At the peak of the flood this 

layer is likely to have extended to the bed but as the flood receded a saline layer formed in the lower estuary. By 

mid-July the EC throughout the estuary had substantially recovered to match with low-moderate flow regime 

conditions.  Unusually, the entrance channel remained wide open following the mid-June flood and this accelerated 

the flushing of the fresh water. The larger-than-usual tidal action also resulted in large tidal salinity changes 

throughout the estuary channels but particularly in the lower estuary.  

Two full sets of salinity profiles were obtained (converted from EC), one when the recorders were 

installed on 7-8 May 2014 and another when they were removed on 13-15 January 2015, both measured at high 

tide, thus likely giving the maximum salinities.  The vertical profiles have been compiled into longitudinal vertical 

profiles, each starting at the ocean and extending to the limit of salt penetration, one for the Snowy and one for 

the Lower Snowy-Brodribb-Curlip. A profile along the Snowy River is shown in Figure 3. 



 

Figure 3 Longitudinal vertical profiles along the Snowy River of salinity (PSU) at high tide, 7-8 May 

2014. See Figure 2-1 for locations. 

2.2.3 Entrance Conditions 

A hydrographic survey of the estuary entrance channel was undertaken by Gippsland Ports on the 21st 

August 2014.  The depths found in the August 2014 survey are very similar to those found in the three surveys in 

October 2011 and in October 2010 [7]. The main differences are the slightly greater depths in the narrow section 

and the shallower ebb channel in 2011, although the latter may have been due to the limits of the area surveyed 

being different. It was found that the minimum cross sectional area was near the inshore end of the deeper narrow 

section; this minimum area is a key parameter determining the entrance resistance and hence tidal penetration into 

the estuary. 

Aerial imagery was also collected for this project from May to November 2014.  The images clearly 

showed changes in the entrance channel over the duration of the study. This period commenced with generally 

low flows in May 2014, experienced a major flood in late June and then very low flows in July. The flood on 15-

16 June was unusual in that the peak flow in the Brodribb River (30,400 ML/d on 15 June) was comparable with 

the peak in the Snowy River (47,700 ML/d on 16 June). This resulted in a longer duration of high flows than usual 

for a rainfall event. Following the flood in June the entrance remained open across the monitoring period.  

Examples of the aerial imagery collected are shown in Figure 4.  

Figure 4 Snowy River entrance prior and following the June 2014 flood event: Quadcopter image ©, courtesy 

Mike Irvine 

3 NUMERICAL MODELLING 

3.1 Overview 

An existing calibrated 3-dimensional (3D) hydrodynamic model of the Snowy estuary was reinstated for 

this study.  The model was calibrated against measured data for water levels and salinity throughout the estuary 

and was originally developed by Water Technology and is detailed in [9] for the East Gippsland Catchment 

Management Authority. The extent of the model is shown in Figure .  It covers the Snowy River up to Orbost and 

Brodribb River up to the Princes Highway as well as Lake Corringle and Lake Curlip. 

The model was developed using the MIKE flexible mesh scheme and utilizes an irregular mesh with triangular 

and quadrilateral element of various sizes to alter mesh resolution across the model domain.  It was originally 

calibrated to calculate water level for inside and outside the estuary for a particular ‘constricted‘ entrance state and 



an initial calibration of salinity conditions in the estuary was also undertaken [9].  For this study the model 

simulated velocity, water level, salinity and temperature conditions within the estuary using the measured river 

inflows over the period May 2014 to January 2015  and applying two typical entrance conditions (open and 

constricted) in order to replicate the estuary conditions during the physical monitoring period.  Only the simulation 

results for the monitoring period are presented in this paper. 

Figure 5 Model Extents and Boundaries 

3.2 Model Results 

The estuary conditions, as determined by the physical monitoring program, were simulated in the model 

to allow assessment of detailed salinity and temperature conditions throughout the system. The simulation period 

was divided into different sections, each section representing a different combination [ n of flows and entrance 

conditions.  The model results for each section were analysed to determine the percentage of time specific 

temperature and salinity conditions were met.  These temperature and salinity conditions were defined as suitable 

for potential spawning of Australian Bass; a minimum temperature of 13°C and salinity in the range of 8 to 14 

PSU.  An example of the analysis for a high flow (December 2014) and low flow (January 2015) period are 

summarized in Figure . 

  

December 2014 January 2015 

Figure 6 Percentage of time temperature and salinity conditions met (Temperature > 13oC and Salinity 8 PSU < 

S < 14 PSU) 

Brodri

bb Inflows 



 

The modeling results suggested high spatial variability in the locations where salinity and temperature 

conditions could be suitable for the spawning of Australian bass. 

3.3 Comparison to Ecological Monitoring 

In parallel to the physical monitoring, an ecological monitoring program focused on Australian bass due 

to the species being comparatively common (within the catchment), having a life-history completed solely within 

the catchment (i.e. no known marine phase), a catadromous life-history influenced by flows, and due to it being 

an iconic target species for recreational anglers. Little is known of the species ecology within southern regions of 

Australia. Nevertheless, flow regimes are consistently recognized as a major driver of the species life history [13].  

Downstream spawning migration is triggered by flow pulses which ideally rise steeply and decline 

slowly, and which are timed to coincide with often rapid and persistent seasonal declines in water temperature of 

<15 ºC [10], [11]. In New South Wales, migration of Australian bass occurs from autumn to early spring [13, 10, 

11], and in Victoria from winter to early summer. There is no evidence from local studies that increased numbers 

of Australian bass migrate with increasing magnitude of flow events, or as to a dusk-dawn preference for pre-

spawning migration [11]. Even relatively small flow pulses, regardless of the time of the day at which they occur, 

are therefore suggested to stimulate a downstream migratory response by the species [11]. 

In parallel to the modelling work described in this paper, the current project also involved extensive fish 

survey work [16]. Forty-nine putative Australian bass otolith pairs (fish middle ear bones) and related tissue 

samples (fin-clips) were sourced from a related survey (conducted May 2004) of sites in the mid to lower Snowy 

River catchment [12]. In addition, 17 sites were sampled for the presence of Australian bass eggs and larvae in 

2014 as part of this study. Surveys were conducted every 1 – 2 weeks from mid-September to mid-November 

2014, with the onset of sampling triggered by water temperatures, in the lower Snowy River, exceeding 11 ºC, the 

lowest water temperature at which larvae have been captured in the wild [13]. 

A total of 3451 larvae and juvenile fish, representing 30 species (29 native and 1 alien) were captured 

during larval drift surveys, none of which were Australian bass. Glass goby Gobiopterus semivestitus were the 

most numerous species in the catch, and common silverbiddy Gerres subfasciatus and spotted galaxias Galaxias 

truttaceus the least. Due to the absence of larvae and eggs in drift nets, and larval fyke samples, it is likely that 

spawning and recruitment of Australian bass was limited, or completely absent in 2014, despite suitable flow 

events being monitored and suitable conditions identified from the hydraulic modelling.  A review of the results 

suggests that lack of or changes to habitat within the estuary could have contributed to this result [13]. 

4 CONCLUSION 

Physical monitoring (of flow, water level, salinity and temperature) and numerical modelling suggested 

several regions within the Snowy River estuary were likely to have had suitable water parameters present to enable 

spawning of Australian bass. However, a parallel ecological monitoring program did not capture any larvae during 

the survey period.  The reason for failed recruitment of Snowy River Australian bass is therefore unknown; 

however, recruitment failure elsewhere has occurred in response to drought [13]. Failed migration, as a response 

to changes in natural flow regimes resultant in the Snowy River and subsequent long term drought (Millennium 

Drought), are therefore likely to be largely responsible for recruitment failure. Further work is however, required 

to confirm this theory. 

Although the hydrodynamic model did indicate suitable spawning conditions exist within the estuary, it 

must be noted that the result is based solely on the suitability of salinity and temperature within regions. Other 

factors which need to be considered in determining the suitability of sites include the availability of critical 

spawning habitat, such as sand banks and beds of aquatic plants, and sufficient dissolved oxygen for egg survival 

[13]. Rehabilitation of instream (if possible) and riparian areas immediately adjacent to regions identified as likely 

important for Australian bass spawning and recruitment, may nevertheless be beneficial in buffering regions from 

farming related impacts (e.g. erosion, trampling, runoff etc.), and in so doing assist in the rehabilitation of critical 

in stream habitat (likely not only for Australian bass, but multiple species utilizing the estuary). 
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