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Key Points 
• A study was employed to assess the environmental flow needs of the Belubula River 
• Remote sensing was used to determine floodplain response to regulated flows 
• Field assessment was used to assess the geomorphological condition of pool and floodplain assets  
• Further analyses focused on river pools and the limited extent of floodplain inundation and recommended low 

flow protection for water quality and fish. 
 
 

Abstract 
The development of New South Wales’ Water Sharing Plans (WSPs) requires understanding the relationship between 
water regimes and ecosystems, in order to set rules which protect environmental assets. We describe a study in the 
Belubula, a tributary of the Lachlan River. This study used a combination of field observations and desktop analysis to 
recommend the preservation of river pools for significant fish species, and to meet human water quality guidelines by 
protecting base flows. Desktop analyses included use of Landsat imagery to determine the relationship between 
response of assets (i.e., river pools or wetlands) and reservoir releases. Potential assets were defined as those that were 
consistently hydrologically and/or photosynthetically active, with a focus on those that responded more after releases of 
flows from the main reservoir. Wetlands, including swampy meadows, and river pools were observed in the field. There 
was some evidence that alluvial wetlands need environmental flows to sustain groundwater-dependent plants. Swampy 
meadows also need protection, in part to improve river water quality. Some ecological risks remain unanswered such as 
the extent to which riparian tree species and river base flows are affected by groundwater use; especially during 
drought, and whether some significant frog species exist but have not been detected. 
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Introduction 
The Belubula River in central New South Wales is a relatively small and mostly perennial river that flows west to join the 
Lachlan River near Gooloogong. The Belubula River is largely uncontrolled, because the upstream reservoir is very small 
compared to annual inflows. Flows have a seasonal pattern, with peaks in winter-spring, driven by rainfall in the 
catchment and releases from Carcoar Reservoir and other upstream storages. Main gauging stations are:  Helensholme 
(412033 just upstream of the junction with the Lachlan river), nearby gauging stations Lyndon (upstream of Canowindra; 
412195) and Canowindra (412009) and the Needles (412056 approximately 15 km upstream of where the Belubula 
reaches the alluvial plain). Releases from Carcoar Reservoir are gauged at the outflow (site number 412077). Much of the 
river has been cleared for grazing, and inputs from the Belubula River into the Lachlan River are relatively high in 
suspended solids, nutrients and salinity compared to other Lachlan River tributaries (Thurtell 2003, Wooldridge et al. 
2012). 

Aims  
This study was employed to assess the environmental flow needs of the Belubula River. During 2010 the Belubula River 
Water Sharing Plan was being developed, and a rapid assessment of ecological flow requirements was required. The flow 
components of interest in such a study are those which are influenced by flow regulation. Although some regulated 
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sections of the Lachlan River have had monitoring programs to support such information needs (Driver et al. 2010, 
2013), no such studies had been undertaken in the Belubula River. In response to this information gap, a multi-phase 
study was implemented that sought to identify ecological assets using:  1. Remote sensing analysis of vegetation 
response with the aim to determine eco-hydrogeological zones most responsive to regulated river flows; 2. Desktop 
analysis of river cross sectional data and likely occurrence of significant flow-dependent animal species with the aims to 
identify discharge values required to maintain pool depths for these significant species; 3. Field assessment of river pools 
and swampy meadows using expert geomorphological interpretation with the aim to describe the physical habitat of the 
river, and the condition, fragility and potential for rehabilitation of the dominant River Styles and 4. Further desktop 
analyses guided by 1-3 above, with the aim to further define flow requirements of significant wetlands and river pools 
(assets), and significant species. 

Methods  

Remote sensing analysis of vegetation response to river flows 
This part of the project developed a map of assets (responsive floodplain vegetation) that respond to reservoir release 
events, by staying moist and / or showing photosynthetic activity greater than ecosystems that are less influenced by 
reservoir releases (Fawcett et al. 2011). The focus was on investigating historical vegetation response to release. Landsat 
remote sensing data for years 1989-2000 (Table 1) was used to represent vegetation condition before and after three 
reservoir releases of different magnitude. This landscape was delineated into segments based upon similarities of 
remote sensing signatures and these segments enabled temporal comparisons to be made. The Normalized Difference 
Vegetation Index (NDVI) of segments was determined for seven time periods (Table 1). The NDVI is used to assess 
whether the target contains live green vegetation.  

Table 1. Landsat imagery gained for pre- versus post flow comparisons measured at the gauging site downstream of 
Carcoar reservoir  

Landsat Image 
Date 

Dates and flow 
response of interest 

Average Belubula River flows (Max, 
Min) 

Average Carcoar release flows (Max, 
Min) 

03/12/1989 Dec 89-Feb 90;  
pre-high Flow 

2097 (59638, 29)  
Period  3/12/1989 - 3/10/1990 

287 (7230, 4)  
Period 3/12/1989 - 3/10/1990) 

03/10/1990 Sept –Oct 90;  
post-high Flow 

05/06/1993 June –July 93;  
Pre-high Flow 

874 (16392, 57)  
Period  5/6 - 30/12/1993 

117 (2324, 6)  
Period 5/6 - 30/12/1993 

30/12/1993 Nov -Dec 93;  
post High Flow 

09/02/2000 Feb-March 2000;  
pre High Flow 

621 (8633, 19)  
 
Period 9/2/2000 - 7/11/2000 

65 (803, 2)  
 
Period 9/2/2000 - 7/11/2000 07/11/2000 Oct 2000; 

Post High Flow 
21/05/2005 Dry image - - 

 

To assist in interpreting the remote sensing outputs and how they relate to hydrogeological processes the Belubula River 
was divided into eco-hydrogeological zones (EHZ) that have similar topographic features and underlying geology, based 
on the Fuzzy Landscape Analysis GIS Method (FLAG, Roberts et al. 1997) and then combined with geological information 
relevant to groundwater-surface water interactions. This separated the landscape into the following zones shown in 
Figure 1. Within each zone it was assumed that similar hydrology and hydrogeological processes exists. The relative 
strength of response of EHZs to flows was ranked according to NDVI score to show which EHZs responded most and 
least, and most and least consistently to flow releases from the dam. 

Flow analyses and database interrogation for river environmental flow setting 

Significant species 

The probable occurrence of threatened, vulnerable or significant species (hereafter all referred to as significant) that 
either were known to exist, or were likely to exist, was determined using a range of government databases and reports 
(DPI 2005, FSC 2008, DECCW 2009, DECC 2010). This analysis indicated that Murray Cod was the best focus fish species 
for analyses of fish requirements in the lower Belubula and the recommendations of the Loddon River Environmental 
Technical Panel (described in Howell and Doeg 2003) were used and assumed a minimum pool requirement of 0. 5 m. As 
part of this study the Lyndon monitoring site was used to represent pool depth using cross sectional data. We do not 
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know how representative the Lyndon Gauge is for the lower Belubula. However, cross sections at Lyndon (near 
Canowindra) and Helensholme are similar (Figure 1). These locations also represent the start of the groundwater losing 
section (SKM 2010), and where drought, and also surface water and groundwater extraction have the greatest impact on 
base flows and river pools. 

Cross sections, hydrology and water quality analyses 

Cross sections and flow data from the NOW hydrological database were interrogated to see when and what the values 
are when the river broke onto the floodplain. These data were generated by field surveys of NOW hydrometric 
(hydrographic) officers, and the cross sections (see Figure 5 below) were also used to determine where the minimum of 
0.5 m pool depth requirement lay within the channel. Water quality data was also interrogated in relation to this time 
series data on depth, and in relation to the conservative ANZECC threshold for drinking water of 800 microsiemens 
(ANZECC 2000). 

Field observations  

Field observations were conducted between the junctions with the Lachlan River and where Coombing Creek joined the 
Belubula over the period of 26-29 July 2010. River and floodplain sections were described using River Styles field 
methods, which include descriptions of the River Style units, their condition, and the capacity of this River Style to 
recover to good geomorphic condition (Brierley and Fryirs 2005, Outhet 2011). The results of field observations were 
further informed by also using the broader findings of the Lachlan catchment River Styles survey, which reports on the 
general fragility of specific River Styles (Outhet 2011). As with a similar study in the upper Macquarie River (Driver et al. 
2012), aquatic health was not measured directly, but River Styles were used as a surrogate of general aquatic health (see 
Chessman et al. 2006). 

Results and Discussion 

Remote sensing analysis of vegetation response to river flows 
Assets in upland areas during the large release in 1989/90 showed a consistent response, indicating a response to 
sudden very wet conditions. Assets in the reaches just below Carcoar Reservoir showed mostly positive responses after 
the 1989/90 and 1993 releases but a negative response after the 2000 release, which was very small. The first 10 km 
downstream of Coombing Creek contains several EHZ with assets that consistently appear to benefit from dam releases. 

In the middle reaches of the river (i.e. upland area before the river reaches the alluvial plain) there was a general 
decrease in response over time (i.e. the highest response is seen for the 1989/90 event and the lowest for the 2000 
event with the 1993 period in between.  

In fact, all reaches (upland down to alluvial) generally displayed a decrease in vegetation conditions from 1993 to 2005 
as the valley moved into drought conditions. 

The alluvial EHZ’s start about 15-20 km upstream of Canowindra and continue to the junction with the Lachlan River. 
During 1989/90, riparian vegetation condition responses to flow did not show a strong, consistent response to flow 
release. In the lower reaches (i.e. alluvial plain) assets showed no response after the 1989/90 period, a strong positive 
response after the 1993 period, and a negative response after the 2000 period.  

The effect of Carcoar in relation to rainfall and tributary effects is small and any conclusions about the ecological 
meaning of these results also needs to recognize confounding factors such as from the local geology. About 90% of 
Belubula River flows are uncontrolled. Mean annual flow is about 140 GL, and Carcoar reservoir and Lake Rowlands hold 
up to 36 and 4.5 GL respectively. Lake Rowlands is used for town water supply. Notwithstanding these limitations, there 
is some evidence that the floodplain needs environmental flows. There were a few sections near where the Belubula 
meets the Lachlan that were either consistently responsive, or showed a relatively high response to Carcoar flows. The 
section that showed the greatest combination of both high and consistent response was downstream of where 
Coombing Creek meets the Belubula (Figures 3 and 4). This is not surprising given that these sites are closer to the dam, 
and therefore more likely to be associated with its effects. Numerous tributaries that enter the river within this section 
would also contribute to this response (Figure 4). These upstream areas which combine consistent and larger responses 
were generally within the sandstone fractured rock (Figures 1, 3 and 4). Groundwater flow through fractured sandstone 
versus other soil types (especially clays) is likely be rapid (Cook 2003), and so these patterns might reflect the relatively 
rapid delivery of groundwater to the root systems of the closer floodplain plant species. 
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Figure 1. Average NDVI difference between pre and post flow events for EHZ’s (Fawcett et al. 2011)  
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Figure 2. Carcoar Reservoir Outflows  
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Figure 3. Locations showing the largest response to flows released from Carcoar Reservoir  
 

 

Figure 4. Locations showing the least consistent and most consistent responses  

Flow analyses and database interrogation for river environmental flow setting 

Significant river flow-dependent species 

The database search showed that there were potentially five significant species to be considered. This included the 
vulnerable (under NSW legislation) Macquarie Perch (Macquaria australasica), the threatened (under the 
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Commonwealth EPBC Act) Murray Cod (Maccullochella peelii peelii) and the endangered (under NSW legislation) 
Southern Bell Frog (Litoria raniformis) (FSC 2008, Kearney and Kildea 2001, DECCW 2009).  These three, under NOW 
macroplanning, have the highest possible ranking for sensitivity to flow management.  Although probably residents, the 
NSW Fisheries data and advice (see below), suggest that Murray Cod and Macquarie perch are probably rare, or absent. 
This search also suggested that the threatened Booroolong Frog – which is also dependent on river flows – occurs in this 
river. Booroolong Frogs occur along permanent rocky streams that have some fringing vegetation (DECCW 2009). These 
habitats are more common in the upper reaches. The Yellow-spotted Bell Frog (Litoria castanea) might also occur in 
wetlands above about 700 m (DECCW 2009). This also happens to coincide with the distribution of upstream swampy 
meadows in the central tablelands which, because of the interacting effects of salt, temperature and rainfall, tend to 
occur above about 700 m ASL. Bell or Booroolong Frogs were not found during the short field observations, but further 
studies are warranted given the ‘possible status’ arising from database searches. 

Cross sections  

Analyses of river cross sections indicate there are few areas where moderate to high flows (such as during 1990) will 
break the channel in the lower reaches, but there are likely to be areas not identified during this study that are prone to 
occasional flooding. For example, > ~10.5 m exceeds the left bank at Helensholme (Figure 5), and this height is not even 
exceeded in the very wet year 1990.  

 

 
a. 

 
b. 

Figure 5. River Cross sections for floodplain areas of the Belubula River; a. Lyndon near Canowindra and b. 
Helensholme further downstream.  
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Water quality and Murray Cod pool depth requirements 
Water quality impacts for human consumption of river water and threat to the estimated pool depth requirements of 
Murray Cod (0.5 m) roughly coincide within this study. The conservative ANZECC threshold of 800 μS/cm at 25°C was 
frequently exceeded in the Canowindra area. The guidelines for lowland, inland waters for Australia (ANZECC 2000; 
Chapter 3) are necessarily broad (125–2200 μS/cm), and state that western lowlands can often reach 2000 μS/cm. For 
the gauge at nearby Lyndon, when the 800 μS/cm threshold is exceeded flows are usually below 0.6 m (Figure 6; or 1.8 
m, or 256 ML/day at Helensholme). 256 ML/day at Helensholme equates to about 300 ML/day at Canowindra 
(Helensholme discharge = 1.0152 x Canowindra site 412009; r² = 0.57). Water levels lower than 0.6 m at Lyndon are 
associated with increased likelihood of high conductivity (‘salinity’), with the likelihood of high conductivity increasing 
with diminishing flows. This suggests saline input into the river from upstream saline inputs (largely the influence of 
tributary streams coming in from the south in upstream areas) has an increasing influence at low flows. 
Evapoconcentration of solutes already within the channel is a less satisfactory alternative explanation; given this is the 
start of the groundwater losing section.   

 
Figure 6. Conductivity (‘salinity’) at the Lyndon gauge in relation to flow depth.  

 
WSP rule setting was based on historical flows since 1990, and the percentiles represented under the current rules 
would probably be different if they referenced longer-term flows. Flows below the threshold of 10 ML/day at 
Helensholme proposed as part of the planning process in 2010 (Appendix 1, Driver and Michener 2010) occupy the 
80 %ile, but in the longer term flows of ten times this magnitude could have represented the same percentile (derived 
from the developing Belubula River Integrated Quality and Quantity model [IQQM], Table 2). As the rules currently 
stand, the lowest flow threshold at which pumping is allowed is 13 ML/day (NSW Government 2013); which is in large 
part a reflection of the limits to which flows can be managed.  

Table 2. Comparison of Helensholme flow thresholds since 1 Jan 1990 and (estimated from developing IQQM model) 
1 July 1898 (long term patterns based on Helensholme-Bangaroo relationships; from IQQM and where Helensholme 
stage = 0.0006*(Bangaroo stage) + 1.6542) 

 
 Helensholme (ML/day) 
17.2%ile since 1990 (1898) 337 (256) 
20%ile since 1990 (1898) 261 (221) 
20.17% since 1990 (1898) 256 (204) 
35.7%ile since 1990 (1898) 116 (137) 
median since 1990 (1898) 73 (116) 
80%ile since 1990 (1898) 11 (103) 
98%ile since 1990 (1898) 0 (97) 

Field assessment 
The lower reaches (near Canowindra and downstream) despite having some floodplain development have very few 
wetland features such as billabongs, and where these do occur they are highly degraded. Typical riverine habitat for the 
Belubula River is described in Table 3 and Figure 7. Where river pools existed they were largely in-filled with sediment, 
and more so than what would have been the case historically (e.g., within the River where it meets with Cucumber 
Creek). This is key habitat for pool dependent aquatic species such as fish. The loss of river pools through aggradation 
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has been well demonstrated in detailed studies of similar tributaries (e.g., the nearby Cudgegong River, Benn and Erskine 
1994). Only pools underlain by bedrock such as those at Junction Reefs and at Needles Dam could be considered to be 
reasonably reliable pool habitat, and the upstream locations of these sites makes them even more significant given that 
the river downstream is likely to dry up downstream of Canowindra again.  

The upper reaches in areas such as Carcoar, Mandurama and Lyndhurst, which generally signifies the upland responsive 
zone identified with remote sensing, has numerous swampy meadows often in good geomorphological condition (e.g., 
on Grubbenbun Creek, Figure 8). Swampy meadows in the Lachlan valley are generally tussock grass swamps with no 
bodies of open water (Mactaggart et al. 2008). Swampy meadows include the following River Styles if there is adequate 
flow: Valley Fill (including short term swampy meadow on sand and gravel sub-Styles), Chain of Ponds, Lowland Chain of 
Ponds, Cut and Fill and Flood-out. Swampy meadows also exist for Channelised Fill in good condition and Channelised 
Peat Swamp in good and moderate condition (Outhet 2011). Many of these swampy meadows in the Lachlan catchment 
as a whole have high fragility and low recovery potential, and are under threat from head-cutting (Outhet 2011); which 
can be remediated through on-ground works. Additionally, examples of swampy meadows in poor condition were 
observed and interpreted for us by the local salt management expert (Andrew Wooldridge, DPI) and which were 
examples of these wetlands meadows subject to over-grazing and clearing. Although these wetlands tended to occur off 
the main, regulated channel they were connected through tributaries. Such meadows often interact with tributaries 
(e.g., Limestone Creek) in the middle reaches to contribute a high load of salt of Aeolian origin into the river (described 
in Packer et al. 2003 and Wooldridge et al. 2012). The channelised-fill is also one of the River Styles that, if degraded, 
contributes a high sediment load into streams. 

During the field assessment Bangaroo Bridge at Helensholme (site 412055) showed obvious die-back among the riparian 
river red gums (Eucalyptus camaldulensis). This site is in the area of smaller NDVI responses to flow (see previous remote 
sensing section).  Our interpretation in the field was that the dieback was an interaction between reduced flows over the 
last decade and channel incision caused by human-caused disturbance of the stream. However, NDVI analyses also 
suggest that such alluvial assets are less responsive to river flows, and the need to maintain sufficient flows becomes 
more difficult and critical during drought. 

Table 3. Selected field observations of River Styles, fragility, condition, recovery potential and probable significance of 
this river style for this study. River Style fragility and recovery potentials (column 2) are based on the broader Lachlan 
study, which included the Belubula River (Outhet 2011). H=High, M=Moderate, L=Low. *Based on low sinuosity 
gravel. ** Banks affected by livestock 

Site River Style (tendency for 
fragility, recovery potential at 
current condition) 

Observed River Style condition, 
recovery potential and notes 

Significance to this 
study 

Easting Northing 

Bridge within Carcoar; 
Figure 7 (a)  

Planform Controlled Low 
Sinuosity cobble 
(M,L*) 

Poor, Low. Modified (battered) 
banks with no shrubs or trees 

Within consistent 
flow response 
section 

698476 6278840 

Near bridge on 
Carcoar-Errowanbang 
Rd; Figure 7 (b)  

Planform-Controlled Low 
Sinuosity Gravel (M,L) 

Poor, Low. Channel blocked by 
willows** 

Within consistent 
flow response 
section 

696962 6277774 

Bridge on Burnt Yard 
Road; Figure 7 (c) 

Bedrock Controlled Gravel 
(L,H) 

Moderate, High. ** Within consistent 
flow response 
section.  

690593 6277451 

Junction Reefs 
Recreational Reserve; 
Figure 7 (d) 

Bedrock Controlled Gravel 
(L,H) 

Moderate, High. Banks affected by 
recreation** 

As above, and 
potential fish refuge 
as per the Needles 

686588 6279236 

Needles river gauging 
site; Figure 7 (e)  

Pools underlain by Bedrock 
Controlled Gravel (L,H) 

Moderate, High ** Potential fish refuge 
upstream of lowland 
area where most 
pools have in-filled.  

671602 6282880 

Cucumber Creek weir 
at Canowindra;  
Figure 7 (f)  

Bank Confined Gravel 
downstream (L, H)/ Planform 
Controlled Low Sinuosity 
Gravel upstream (M, M) 

Moderate, High. Creek is sediment 
starved, whereas the river is 
aggrading. 

Potential fish refuge 
in lowland area 
prone to drying out 
during drought. 

653946 6284546 

 

Driver, P. D., Fawcett, J., Michener, K. & Outhet, D.  (2014). Determination of low flow requirements for an upland Murray Darling River Basin River: the 
Belubela River, Australia, in Vietz, G; Rutherfurd, I.D, and Hughes, R. (editors), Proceedings of the 7th Australian Stream Management Conference. 
Townsville, Queensland, Pages 89-100. 96 



7ASM Full Paper 

 

 
(a) (b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Figure 7. Locations of interest along the Belubula River: (a) Bridge within Carcoar town; (b) Near bridge on Carcoar-
Errowanbang Rd; (c) Bridge on Burnt Yard Road; (d) Junction Reefs Recreational Reserve; (e) Needles river gauging 
site and (f) Weir at Cucumber Creek offtake at Canowindra. 
 

Conclusions, and recommendations 
Maintaining sufficient water levels to ensure reasonable water quality and habitat is a core challenge for the Belubula 
River. Although this study indicates that base flows of 256 ML/day at Helensholme are required for the maintenance of 
fish habitat in river pools this is largely not achievable under low flow conditions. This is in large part because of the 
limited capacity of Carcoar Dam compared to the effects of uncontrolled tributary flows. These figures also mean there is 
an insufficient volume of controlled flows to create an environmental flow rule such as the Environmental Contingency 
Allowance that operates in the Lachlan River (Driver et al. 2004, 2010, NOW 2013). Hence, the focus for environmental 
protection in the development of the Belubula Water Sharing Plan has largely been on the protection of low flows, and 
regulating use. General security (‘irrigation’) usage is between 0.5 and 1.2 GL/year, which is potentially significant in a 
year like 2006 when annual flow was 8 GL (unpublished NOW data). 

The river dried out below Canowindra in 2009 (Driver and Michener 2010), which might not be fully attributable to 
drought. In particular, further investigation into the interaction between groundwater use (e.g., for Lucerne which is 
commonly grown in alluvial areas) and river base flows, and capacity to manage this interaction in real time is suggested. 
If the river downstream of Canowindra has a tendency to dry out during protracted drought, the river pools at locations 
such as the Needles and Junction Reefs Recreational Reserve could be key fish refuge.  

Detailed field-based ecological investigations, including pool determination from the Needles to the Lachlan River are 
highly desirable.  The approach outlined by Driver et al. (2012) outlines a process to select pool monitoring sites that are 
of interest to water planners. This approach increases the likelihood of uptake by key decision makers. Focus on pools 
for fish also has the support of fishing groups. Although the local acclimatization society has an active interest in stocking 
introduced salmonids (NSW Fisheries 2003), they are also concerned about the effect of a proposed dam at the Needles 
on Murray Cod populations (CWD 2014). 

The floodplain components of these recommendations at this stage did not seem so critical for the recent development 
of the Belubula Water Sharing Plan (NSW Government 2013). However, as with the pools, detailed field based assessed 
is required. As noted by this and other studies there are significant land management effects. These effects and the 
broad-brush approach of this study limit the ability to accurately report on what remnant floodplain conservation values 
might remain, and how they have responded to flows. Furthermore, our observations of dieback at Bangaroo Bridge and 
the low NDVI response within floodplain sections show the importance of ensuring flows are sufficient for riparian 
vegetation. Alluvial floodplain responses indicate an increasingly declining response to flows during 2000-2005, which 
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presumably reached the most critical point when the river dried out in 2009. Baseline studies of vegetation condition, 
such as for River Red Gum health and wetland plant diversity (Driver et al., this proceedings), greatly help better 
understand these relationships and then how to manage rivers. 

Many of swampy meadows are outside the scope and influence of the Belubula River WSP. However, where possible 
their flow regimes need protecting (Mactaggart 2008). The saline and sediment outputs from current and former 
swampy meadows need to be better managed if only to just protect river water quality. A focus on preserving the River 
Style condition and also the ecology of these wetlands is also critical given they have suffered considerable loss in 
western New South Wales (Mactaggart et al. 2007).  Further exploration of such wetlands, as well as investigations into 
the presence of Booroolong, and Yellow-spotted and Southern Bell Frogs are warranted. 

 

Figure 8. Swampy Meadow (former valley fill, now a recovering channelized fill) on Grubbenbun Creek, Lyndhurst. 
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