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Executive Summary 

The city of Orange in central western New South Wales lies within the Macquarie 

River catchment of the Murray-Darling Basin. To meet increasing demand for 

water, a government subsidised pipeline project ($47 million  capital cost, 

$728,000 per year running cost) is proposed to pump an average of 1,616ML yr-1 

from the Macquarie River, 39km from Orange. This was subject to a legally 

required Environmental Assessment in August 2012, which modelled impacts of 

the development and concluded that a significant ecological impact on the 

Macquarie River was unlikely, and impacts on the downstream Ramsar-listed 

Macquarie Marshes were negligible. The pipeline was recommended for 

approval by the Department of Planning and Infrastructure NSW on the 7th May 

2013. On the 18th June 2013, the Planning Assessment Commission determined 

to approve the project, subject to amendments of the river flow model to 

increase the pumping threshold. The Australian Government is currently 

considering the development under the EPBC Act 1999. 

 

We independently modelled flows and likely hydrological impacts, including 

downstream effects on flows to the river and the internationally significant 

Macquarie Marshes, listed under the Ramsar Convention. The Macquarie 

Marshes are already considerably affected by upstream development of water 

resources, causing the Australian Government to notify the Ramsar Bureau of a 

likelihood of a change in ecological character as a result of human impacts. There 

were three critical issues we identified as inadequately assessed in the 

Environmental Assessment, which could potentially exacerbate the poor 

ecological health of the Macquarie Marshes and adversely impact on the high 

conservation value section of Macquarie River at and downstream of the pump 

site. 

 

First, the pumping threshold when water could be pumped using the proposed 

pipeline was considerably lower in the Environmental Assessment than we 

estimated with our modelling which was similar to an independent assessment, 

commissioned by the NSW Department of Planning and Infrastructure. Modelling 

in the Environmental Assessment was based on dry catchment conditions and 
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projected climatic scenarios, increasing water currently available to pump in the 

river. Second, enlargement of capacity to take more water at Orange (e.g. 

enlarging Suma Park Dam or use of groundwater aquifer for storage) is unclear 

in the Environmental Assessment, and could considerably increase the potential 

capacity to take more water from the Macquarie River. Finally, the current 

approval of the pipeline has adopted a new threshold for pumping but the 

environmental impact of this threshold has not been assessed. Ultimately, these 

issues contribute to increasing the impact of the pumping on the river and its 

dependent ecosystems, including the already degraded Macquarie Marshes. 

Further, reliability of flows to downstream users including the irrigation 

industry and towns will be reduced. 

 

We used actual flow data for the three subcatchments, the Macquarie River, the 

Turon River, and Summer Hill Creek, which provide flows to the pump site, as 

opposed to using modelled data. We imposed current demand (i.e, population) 

on the flow and modelled pumping regimes, based on two thresholds: cease to 

pump, above the 80th percentile (low flow) at the pump site, below which 

pumping would have to cease, and another threshold trigger to pump, when the 

receiving storage, Suma Park Dam, was less than 90% capacity for the current 

and proposed enlarged storage. 

 

Critically, we estimated current flow to be considerably higher than dry 

conditions modelled in the Environmental Assessment, which affected the cease 

to pump threshold and opportunity to pump. We estimated the 80th percentile 

flow to be 102ML d-1, compared to 22ML d-1. If the EA pumping threshold is 

maintained, this will allow pumping below our 80th percentile and therefore 

more water will be extracted. The Environmental Assessment adopted a higher 

threshold of 38 ML d-1 but even this was considerably lower than our modelled 

flows. An independent review of the river flow model used in the Environmental 

Assessment was commissioned by the Department of Planning and 

Infrastructure NSW and this modelling was similar to ours, identifying the 80th 

percentile of 92 MLd-1. We used actual flows while the Environmental 

Assessment modelled dry and future climate scenarios. We estimated that 13.7% 
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of low flows, as low as the 96.8th percentile, could have been diverted under the 

proposed pumping. 

 

There was also additional potential to pump increased volumes by changing the 

storage threshold, further confounding the conclusion of the Environmental 

Assessment that there would be no significant environmental impact. It remains 

unclear in the Environmental Assessment whether increasing dam storage is 

accounted for. In November 2012, after the Environmental Assessment, Orange 

Council investigated raising the dam wall by 1 m, increasing storage by 1680 ML. 

The possible increase in dam capacity, could allow for an average annual 

increase of 251ML yr-1, when the development is approved. Further, there was 

opportunity for the pipeline to supply, on average, an additional 1948ML yr -1 

above ÔÈÅ ÁÍÏÕÎÔ ÁÌÌÏ×ÅÄ ÕÎÄÅÒ -ÏÄÅÌ !ȭÓ ÐÕÍÐÉÎÇ ÔÈÒÅÓÈÏÌÄȢ 4ÈÉÓ ÃÏÕÌÄ ÏÃÃÕÒ 

if Orange was able to consume or store ÔÈÅ ÐÉÐÅÌÉÎÅȭÓ ÃÁÐÁÃÉÔÙ, rather than being 

limited by the dam threshold. Neither of the two thresholds appropriately 

constrained capacity to divert water.  

 

The pipeline will reduce flows in an already impacted system of the Murray-

Darling Basin, negatively affecting downstream ecosystems, including to the 

Ramsar-listed Macquarie Marshes. The development represents a new source of 

diversion on an already developed system. The current water sharing planning 

mechanisms allow for increases in water diversion from the river through the 

activation of sleeper licences (i.e. water never diverted) and opportunity for 

towns to grow their water use. It is not clear whether the newly adopted Murray-

Darling Basin Plan ÏÒ ÔÈÅ .37 'ÏÖÅÒÎÍÅÎÔȭÓ ÃÏÎÔÒÏÌ ÏÆ ÇÒÏ×ÔÈ in use will be 

able to adequately deal with this increased impact on the river. Ultimately 

additional water will be diverted from the river, affecting downstream users, 

including the Macquarie Marshes. The costs will be socialised among 

downstream users as flows will decrease into the major regulation storage 

Burrendong Dam. This will reduce the amount of water available for high 

security and general security licences. This includes recently purchased 

environmental water purchased by the Australian and NSW Governments to 

provide environmental flows to the Macquarie Marshes. Such developments 
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directly erode effectiveness of such investments in restoring the environment, 

undermining the attempts by Australian governments to rehabilitate the 

internationally Ramsar-listed Macquarie Marshes.  Further, there is considerable 

potential for increased diversions to Orange, exceeding those modelled in the 

Environmental Assessment.  

 

Water supply challenges will affect many rural urban centres with increasing 

populations. This is particularly relevant for over allocated rivers in the Murray-

Darling Basin. The main solution is similar to that applied to other extractions of 

water from the river: use of existing extraction and improved efficiency. 

Potential solutions require retirement of water which is currently used. This 

could be done by purchasing water withi n the extractive share of water (i.e. from 

other water users) and not continuing to divert environmental water for urban 

use. There are also potential alternative solutions which could reduce demand 

on water resources, in particular reducing water use from the river. For example, 

there is about 3,000 ML per year of waste water, about double what the pipeline 

is currently estimated to divert but which is currently supplied free of charge to 

the nearby goldmine. This could be treated and cycled back for urban use; such 

an option will probably be more cost effective in the long-term with 

improvements in water treatment. Water saving strategies could also be utilised 

to sustain growing populations in urban centres. Until such mechanisms are 

adequately implemented, then there will be increasing impacts on river and 

other downstream water users.   

 

Finally, the current proposed pipeline has had its pumping threshold 

considerably altered after approval by the Planning Assessment Commission: 

raised from 38 to 108 ML d-1. The potential impact of this change has not been 

assessed in terms of its environmental impact. Further, we identified other key 

issues which will increase water use from the Macquarie River and increase 

deleterious impacts on downstream users and the environment, including the 

significantly impacted Macquarie Marshes, a wetland of international 

importance. 
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Introduction 

There is increasing pressure on !ÕÓÔÒÁÌÉÁȭs rivers and groundwater resources to 

meet demand for irrigation and urban water supplies. As a result, wetlands and 

rivers have degraded, particularly in the Murray-Darling Basin (Kingsford, 2000; 

Arthington & Pusey, 2003). Orange is one of seven regional centres building its 

population through the Evocities project but reliant on its water from rivers in 

the Murray-Darling Basin. To deal with current shortages and future growth, a 

pipeline from the Macquarie River is proposed to divert up to 3,800 ML per year, 

costing $47 million, with annual running cost of $728,500. Further reduction in 

flows in the Macquarie River may affect the Ramsar-listed Macquarie Marshes 

downstream. The development size and potential effects triggered an 

Environmental Assessment process.  

 

Wetland health has declined globally, with threats occurring from global to local 

scales (Dudgeon et al., 2006; Kingsford, 2000; Vörösmarty et al., 2010; Hermoso 

and Clavero, 2011). Water resource development, the building of dams and 

diversion of water, is a major cause for global wetland decline (Lemly et al., 

2000; Vörösmarty et al., 2010). Global threats to biodiversity and human water 

security of wetland river systems will be exacerbated under predicted climate 

change (Vörösmarty et al., 2010; Hermoso and Clavero, 2011; IPCC, 2007; 

Kingsford, 2011). The climatic drivers of precipitation, temperature and 

evaporative demand will synergistically interact with current threats, including 

invasive species, pollution and overexploitation (Kingsford et al., 2009). 

Reducing water consumption from river abstraction is the most viable 

conservation strategy for freshwater ecosystem conservation (Xenopoulos et al., 

2005).  

 

Global wetland conservation is primarily focused on protection through the 

Convention on Wetlands of International Importance, especially as Waterfowl 

Habitat (Ramsar Secretariat, 1971), known as the Ramsar Convention. The 

convention is a key conservation initiative in Australia (Kingsford, 2011), 

identifying wetlands of importance for biodiversity and ensuring that their 

ecosystem services are maintained. Ultimately, significant wetlands must be 
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protected through protection of environmental flows to maintain biodiversity 

and ecological and hydrological functions (Ramsar Secretariat, 1971). This can 

only be effected through sound water planning that adequately protects and 

provides sufficient environmental flows. Freshwater management remains a 

critical global issue, with 2013 identified as the United Nations International 

Year of Water Cooperation, promoting international cooperation for future 

economic, social and environmental outcomes (UN Water, 2013).  

 

In Australia, water resource development has significantly degraded wetlands of 

the Murray-Darling Basin (Kingsford 2000; CSIRO 2008b; Colloff et al. 2010; 

Kingsford et al. 2011), becoming one of the more important environmental 

issues in Australia. This is reflected in the level of political and local debate about 

the basin, the considerable funding committed to solving the problem (> $10 

billion) , and significant changes to legislation, policy and management of water 

with national implications. This culminates in the return  of environmental flows 

to rivers and wetlands under the proposed Murray-Darling Basin Plan through 

the buyback of water from the irrigation industry (MDBA and Commonwealth 

Government, 2012). The Murray-Darling Basin Plan will set sustainable 

diversion limits for all rivers, designed to restore the ecological health of the 

rivers and wetlands, building on the early policy initiative of the Murray-Darling 

Basin Cap in 1995 to stem water diversions at the baseline of 1993-1994 levels 

(Commonwealth Government, 2008). In 2004, the Council of Australian 

Governments (CoAG) agreed to return stressed river systems to sustainable 

levels of development under the National Water Initiative (CoAG, 2004). Many 

stressed rivers include dependent wetlands (e.g. Barmah-Millewa Forest, 

Coorong and Lower Lakes, Macquarie Marshes), listed as wetlands of 

international significance under the Ramsar Convention (Pittock and Finlayson, 

2011).  

 

River regulation and diversion of water upstream has already significantly 

impacted on the Macquarie River, with the ecosystem health described as Ȱvery 

poorȱ following the Sustainable Rivers Audit of all rivers in the Murray-Darling 

Basin (Davies et al., 2008). Reduced flooding to the Macquarie Marshes has 
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affected resilience of biota (Kingsford & Thomas, 1995; Kingsford & Johnson, 

1998; Kingsford, 2000; NSW Department of Environment Climate Change and 

Water, 2010; Thomas, Kingsford, Lu, & Hunter, 2011; NSW Office of Environment 

and Heritage, 2012). This prompted the Australian Government to inform the 

Ramsar Bureau under Article 3.2 of the Ramsar Convention that there was a 

likely  change in ecological character resulting from anthropogenic impacts 

(Department of the Environment Water Heritage and the Arts, 2009, 2000). 

There will be further reduction of flows in the Macquarie River from the 

development ÏÆ ÔÈÅ ÐÉÐÅÌÉÎÅ ÔÏ ÁÕÇÍÅÎÔ /ÒÁÎÇÅȭÓ ×ÁÔÅÒ ÓÕÐÐÌÙȟ ÁÃËÎÏ×ÌÅÄÇÅÄ ÉÎ 

the official Environmental Assessment (GHD, 2012a).  

 

The proposed Macquarie Pipeline was the main component of a drought relief 

strategy, aiming to meet current water demand and secure allocated supply for 

projected urban demand (GHD, 2012b). Orange currently has permanent level 2 

restrictions, but had level 5.5 restrictions during the Millennium drought (2002-

2009). The proposed pipeline aims to extract water from Cobbs Hut Hole at the 

Macquarie River, supplementing the existing storage capacity for Orange, Suma 

Park Dam (Fig. 1). 

 

The proponent, Orange City Council submitted an Environmental Assessment for 

the Macquarie River pipeline in July 2012 (GHD, 2012b), providing an 

assessment of its environmental impact under the legislative framework 

provided by the Environmental Planning and Assessment (EP&A) Act 1979, 

(NSW Government, 2012a). The Environmental Assessment concluded that a 

significant impact on the Macquarie River was unlikely, and impacts on the 

downstream Macquarie Marshes were negligible based on hydrological 

modelling and ecological assessments of the consequences (GHD, 2012a). The 

NSW Department of Planning and Infrastructure assessed the project, and 

submissions closed on the 15th October 2012. The pipeline was also identified as 

Á ÒÅÆÅÒÁÂÌÅ ÁÃÔÉÏÎ ÕÎÄÅÒ ÔÈÅ !ÕÓÔÒÁÌÉÁÎ 'ÏÖÅÒÎÍÅÎÔȭÓ %ÎÖÉÒÏÎÍÅÎÔ 0ÒÏÔÅÃÔÉÏÎ 

and Conservation (EPBC) Act 1999. The pipeline route and site for the pump has 

changed to a smaller pool, where a greater proportion of water would be drawn, 

requiring an update to the Environmental Assessment (February 2013), a 
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Preferred Project Report, which was referred to the Planning and Assessment 

Commission. On the 1st of February 2013, NSW Department of Planning and 

Infrastructure commissioned independent hydrological modelling (Bewsher 

Consulting, 2013) which concluded on the 8th of April 2013 that there was a 

significant deficiency in the river flow model used, but that environmental 

impacts raised in the Environmental Assessment would diminish with an 

updated flow model. The Department of Planning and Infrastructure NSW 

$ÉÒÅÃÔÏÒ 'ÅÎÅÒÁÌȭÓ ÒÅÐÏÒÔ ÈÁÓ ÒÅÃÏÍÍÅÎÄÅÄ ÁÐÐÒÏÖÁÌ ÏÆ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔȢ The 

development was approved with conditions by the Planning and Assessment 

Commission on the 18thof June 2013, and is in the closing stages of approval.  

 

 

Our project aimed to investigate the adequacy of the Environmental Assessment 

process specifically because of the potential for ongoing cumulative impact to the 

already stressed downstream river system and particularly the Ramsar-listed 

Macquarie Marshes. Specifically, we had five objectives: 1) to model flows in the 

Macquarie River pump site, including the effects of increasing populations in the 

catchment; 2) to compare these modelled estimates for diversions to those in the 

models from the Environmental Assessment and examine the potential for 

increased diversions once the infrastructure for pumping is established; 3) to 

assess the likely impacts of any disparity, particularly in terms of reduced flows 

to downstream ecosystems using published literature; 4) to examine the 

potential options for accessing water, given current supply and demand 

constraints; and 5) to identify the implications of increased diversions from a 

stressed river of the Murray-Darling Basin and its internationally important 

Ramsar-listed wetland, given current water management planning frameworks 

and the Murray-Darling Basin Plan.  

 

Methods  

Study area 

The Macquarie River lies within Macquarie-Bogan catchment (74, 800km2, 

Department of Primary Industries, 2012) of the Murray-Darling Basin (Fig. 1). Its 
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headwaters originate in the Great Dividing Range where two rivers, the Fish 

River and Campbell River, join 12km upstream of Bathurst to form the 

Macquarie River (Fig. 1). The Macquarie River then flows north-west through 

Bathurst and is joined by Queen Charlottes Creek, Winburndale Rivulet, the 

Turon River, the Summer Hill Creek system, and Pyramul Creek (Fig. 1). The 

river continues to flow on to Burrendong Dam and then through the towns of 

Wellington, Dubbo, Narromine and Warren, before reaching the Macquarie 

Marshes (Fig. 1), a Ramsar-listed wetland of international importance (NSW 

Office of Environment and Heritage, 2011; Ramsar Secretariat, 2012). 

 

The sharing of water in the Macquarie River is governed by a water planning 

framework, defined primarily by two water sharing plans (WSPs): the Water 

Sharing Plan for the Macquarie and Cudgegong Regulated Rivers Water Source 

2003 (NSW Government, 2003), for the regulated river downstream of 

Burrendong Dam and upstream on the Cudgegong River to Windamere Dam, and 

the Water Sharing Plan for the Macquarie Bogan Unregulated and Alluvial Water 

Sources 2012 (NSW Government, 2012b), covering unregulated tributaries of 

the Macquarie River, including upstream of Burrendong Dam. The entire river 

and its diversions need to be within the Sustainable Diversion Limits, specified 

under the Murray-Darling Basin Plan (Commonwealth Government, 2012). 

There are many other different legislative and policy obligations for managing or 

conserving aquatic ecosystems at local, State and Commonwealth levels of 

government (Bino et al., 2013).  

 

The Macquarie river supports irrigation  in 1.6% of its catchment, with the major 

irrigation crop of cotton (68%) irrigated on flat alluvial plains of the lower 

catchment (CSIRO, 2008b; Green et al., 2011; Department of Primary Industries, 

2012) (Fig. 1). The catchment has a population of 180,000 with more than half 

living in regional cities (Green et al., 2011) dependent on the Macquarie River for 

water supply. The Macquarie River has 1,530 GL of large dams and weirs (CSIRO, 

2008b) that regulate river flows, the largest being Burrendong Dam (Fig. 1; 

1,154,000 ML). These dams allow water to be diverted for stock and domestic 

supply, industry, urban centres and irrigation. Upstream of Burrendong Dam, the 
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Macquarie River is also regulated by dams, even though it is covered under an 

unregulated water sharing plan (NSW Government, 2012b). There are six major 

regulation structures upstream of Burrendong Dam, totalling 93,240 ML storage 

capacity (Table 1). These structures supply major upstream urban areas of 

Oberon, Bathurst, and Orange (Fig. 1), as well as the Fish River inter-basin 

transfer. The proposed Orange pipeline aims to divert water from the Macquarie 

River to augment urban water supply from the upper catchment of the 

Macquarie River (Fig. 1). 

 

The upper catchment of the Macquarie consists of three major subcatchments 

upstream of the pump site (Fig. 1): the Summer Hill Creek system, the Turon 

River and the Macquarie River (includes the tributaries of the Fish and Campbell 

Rivers). The Summer Hill Creek system has had significant river development 

primarily to supply the town of Orange and its associated industries (Figure 1, 

Tables 1 & 2). On the main branch of the Macquarie River upstream of 

Burrendong Dam, river development has been primarily to supply the towns of 

Oberon and Bathurst but also an inter basin transfer of water (Fig. 1, Tables 1 & 

2). These developments are in contrast to the Turon River where there is little 

water resource development (Fig. 1, Tables 1 & 2), with a predominant land use 

of grazing.  

 

Dams regulate the river to supply total licenced allocations up to 61,930.5ML yr-1 

upstream of Burrendong Dam, when water is available, (Table 2). Of this, more 

than half (32,847ML yr -1) can be diverted to supply urban centres with the 

remaining (29,083.5ML yr-1) available for other uses such as general security 

(Table 2). Diversions are divided amongst the three catchments above the pump 

site (Fig. 1). Diversions from the Macquarie catchment upstream of the Turon 

total 49,351.5 ML yr-1 (Table 2). Contrastingly, the Turon catchment has only 

328ML yr -1 of access licences, reflecting the relatively low level of water use 

(Table 2). 

 

Orange is in the Summer Hill Creek Catchment (Fig,1), with a town water access 

licence allowing extraction of 7,800ML yr-1 for town water , of which use is about 
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half (3,670ML yr-1) under permanent level 2 restrictions (National Water 

Commission, 2013). In addition, Orange could increase water access by 

purchasing a 640ML general security licence to pump from the Macquarie, which 

is currently not used (i.e. a sleeper licence). Orange has the potential to increase 

annual water use from the greater Macquarie catchment by 4,770ML yr-1 with 

this licence, and its current allocation. Within the Summer Hill Creek Catchment, 

there are 4,451ML yr-1 of general security licences for other uses, making a total 

licenced diversion of 12,251ML yr-1 (Table 2).  

 

Orange has two dams with a capacity totalling  22,066ML (Table 1). The city also 

accesses an average of 61ML yr-1 (±10 SE) from groundwater sources (2007-

2012, National Water Commission, 2013) but can also divert  an additional 

462ML yr-1 (GHD, 2013a): 160ML yr -1 from Orange Basalt Groundwater, and the 

remainder from Lachlan Fold Belt Murray-Darling Basin Groundwater (NSW 

Government, 2013a). These groundwater sources have yet to be developed.  
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Table 1 ɀCapacity (ML), year of building, river location and purpose of regulation structure s and diversions , upstream of Burrendong Dam 

on the Macquarie River, primarily supplying urban water t o the towns of Oberon, Bathurst and Orange .  

Regulation Structure Built  Volume 

(ML) 

River Purpose 

Dam Fish River (Oberon) Dama 1949 45,420 Fish River Oberon supply and Fish River transfer 

 Duckmaloi Weira 1964 20 Fish River Additional supply to Fish River scheme 

 Chifley Dam 1957 30,800 Campbells River Bathurst supply 

 Winburndale Damb 1936 17,000 Winburndale Rivulet Bathurst industry, park watering 

 Suma Park DamC 1962 17,386 Summer Hill Creek Orange supply 

 Spring Creekd 1931 4,680 Spring Creek Dam Orange supply 

 Gosling Creek Dam 1890 650 Gosling Creek Unused water supply, Recreation 

 Lake Canobolas 1918 455 Molong Creek Recreation  

Diversions Fish River transfer 1949 15,876 Fish River Lithgow (cooling Mount Piper and 

Wallerawang power stationsa) and 

Sydney Catchment Authority supply.  

 Orange pipeline Proposed  Macquarie River Orange augmentation supply 

aNSW Office of Water (2012a) 

bAustralian National Committee on Large Dams (2010), Bathurst City Council (2012) 

cAustralian Bureau of Statistics (2011), Orange City Council (2013), National Water Commission (2013) 

dAustralian National Committee on Large Dams (2010), MWH (2011) 
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Table 2 ɀ Different types of licensed water use  and their total  annual volume  and priority of access , allowing  diver sions from the 

Macquarie River, above the proposed pump site.  Purpose is provided in parentheses where relevant to urban water supply. 

River Licence type Volume (ML) a Priority of access 

Fish River Local water utility access licences 15 High 

Macquarie River (Bathurst)  17,500 b High 

Winburndale Rivulet  1,000 High 

Summer Hill Creek (Orange) 7,800 High 

Fish Riverc 

 

Major Utility access licence (Oberon, Lithgow, SCA, Delta 

electricity township)  

(6,532 as town supply) 15,876 Major water utility (NSW 

Office of Water, 2012a) 

Fish River Unregulated River Access licences 2,159.5 Medium (general security) 

Campbells River  2,058 Medium (general security) 

Macquarie River  8,056b Medium (general security) 

Winburndale Rivulet  585 Medium (general security) 

Queen Charlottes Vale Evans 

Plains Creek 

 1,861 Medium (general security) 

Turon Crudine River  316 Medium (general security) 

Summer Hill Creek  4,451d Medium (general security) 

Fish River Domestic and stock access 30 Medium (general security) 

Campbells River  58 Medium (general security) 

Macquarie River  55 b Medium (general security) 

Winburndale Rivulet  51 Medium (general security) 

Queen Charlottes Vale Evans 

Plains Creek 

 47 Medium (general security) 

Turon Crudine River  12  Medium (general security) 
a CSIRO (2008), (1 unit share = 1 ML yr -1) 

bAbove Burrendong 

c Town supply portion of Fish River Transfer Scheme based on water sharing arrangements (Miller, 2012) 

dComposed of two licences: 4320 ML yr-1 and 131 ML yr-1 
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The proposed pipeline to augment supply to Orange is at Cobbs Hut Hole (Fig. 1), 

downstream of the flows received from the Summer Hill Creek system and the 

other two subcatchments: the Macquarie River and the Turon River (Fig. 1) 

(GHD, 2013b). The development proposes to divert an average of 1,616ML yr -1, 

modelled to be a maximum of 5.96% of yearly flows from the Macquarie River 

(GHD, 2013b).  

 

There are six flow gauges immediately upstream of the proposed pump site, on 

the three focus subcatchments (Fig. 1). These include Lewis Ponds Creek at 

Ophir, the most downstream gauge on the Summer Creek catchment, the 

Macquarie River at Yarracoona, Bruinbun, $ÉØÏÎȭÓ ,ÏÎÇ 0ÏÉÎÔ ÁÎÄ $Ï×ÎÓÔÒÅÁÍ 

Long Point and the Turon River at Sofala (Table 3,Fig. 1). Only some actual flow 

data existed for Ophir gauge on the Summer Creek catchment. Flows from 

Summer Hill Creek enter Lewis Ponds Creek at Ophir, where a flow gauge 

recorded daily data, 1971-1978 (Table 3). Summer Hill Creek is a tributary to the 

Macquarie River, entering between the Turon River and the proposed pump site 

(Fig. 1). Flow records existed for the Turon River at Sofala after September 1947 

(Fig. 1, Table 3). The Turon River enters the Macquarie River between 

Winburndale Rivulet and Summer Hill Creek. The Macquarie River has a gauge at 

Bruinbun, also providing daily flow after September 1947 (Fig. 1, Table 3). 

Another gauge lies upstream below Winburndale Rivulet at Yarracoona, 

operating after June 2011. More recently, flows in the Macquarie River were 

measured upstream of the pump site (Fig. 1Ɋȟ ÁÔ $ÉØÏÎȭÓ ,ÏÎÇ 0ÏÉÎÔ ɉφ ÙÅÁÒÓ ÁÎÄ 

7 months) and Downstream Long Point (after August 2011). 
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Figure  1 - Location of the study area, showing a) the Macquarie River catchment 

in the Murray -Darling Basin in southeastern Australia ; b) the catchment of the 

Macquarie showing the major downstream wetland, the Ramsar -lis ted Macquarie 

Marshes; and c) the three main tributary catchments  and tributaries  (identified 

with dashed lines , Summer Hill Creek  system (S); Macquarie River  (M) ; and Turon 

River  (T) ), that  flow in to the Macquarie River just upstream of the  proposed 

pipel ine extracts (P ). Major dams are identified : B Burrendong Dam, C Chifley 

Dam, S Suma Park Dam, O Oberon Dam, W Winburndale Dam, major towns, the 

Cadia Valley mine and the flow gauges and rainfall stations (see Table 3 for 

symbol s). 

km 

km 
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Table 3 ɀ River flow (NSW Office of Water, 2012b)  and rainfall ( Bureau of Meteorology, 2013) data availability  for the three major river 

systems in the study area , at different sites (gauges for flow, stations for rainfall, Fig. 1) : the Macquarie River, the Turon River and the 

Summer Hill Creek  system (Fig. 1) which contributed to flow, upstream of the proposed pipeline site.  

River or stream Variable Sitea Site No. Data availability 

Macquarie River Flow Bruinbun (M1) 421025 02/09/1947 ɀ 22/03/ 2013 

 Yarracoona (M2) 421191 01/06/2011 ɀ 22/03 / 2013 

  $ÉØÏÎȭÓ ,ÏÎÇ 0ÏÉÎÔ ɉ-σ) 421080 02/07/1971 ɀ 11/03/1978  

  Downstream Long Point (M4) 421192 28/08/2011 ɀ 22/03/ 2013 

 Rainfall Hill End Post Office (R1) 63035 01/01/1880 ɀ 22/03 /2013  

Turon River Flow Sofala (T1) 421026 12/09/1947  ɀ 22/03/ 2013 

 Rainfall Old Post Office (Sofala) (R2) 63076 01/01/1892  ɀ 22/03/2013  

Summer Hill 

Creek 

Flow Lewis Ponds Creek at Ophir (L1) 421052 11/02/1971 ɀ 16/03/1978  

  Emu Swamp Creek (E1) 421103 

 

08/03/1980 ɀ 28/02/2001  

 Rainfall Agricultural Institute  (R3) 63254 01/01/1966  ɀ 22/03 /2013  

  Post Office (Orange) (R4) 63065 01/01/1870  ɀ 31/07/1968  

sSymbols used for flow gauge and rainfall stations used in modelling (see Fig. 1) 
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Flow modelling 
To determine the potential impact of the pipeline on actual flows in the 

Macquarie River, we used available actual data for each of the three main 

contributors to flow (Macquarie River, Turon River, Summer Hill Creek system, 

Fig. 1) to develop a historical model (Historic Model). This was used to develop a 

current development model, applied to the daily flow data (Model A). We used 

this model to test the likely effects of full development (Fig. 1, Table 1). Full 

development required modelling the growing impacts of urban water supply for 

Oberon, Bathurst and Orange on the three catchments and imposing these 

requirements on the actual flow regime to allow current effects of the pipeline to 

be tested.  

 

First, we constructed the Historic Model. There was only one common period for 

which there were data for the three main flow gauges, measuring input into the 

Macquarie River above the proposed pump site (1971-1978, Table 3). There 

were long-term data available for most of the period for the Macquarie River at 

Bruinbun and the Turon River at Sofala (Table 3, Fig. 2) but most data were 

missing for flows from the Summer Hill Creek system (Fig. 2). We developed a 

model which allowed estimation of these daily flows. All flow and rainfall gauge 

data used in modelling were logarithmic transformed (log x+1) to satisfy the 

assumption of normality for linear regression, not met by river gauge output 

data. Flow data were sourced from Pinneena (NSW Office of Water, 2012b) and 

the NSW Office of Water (www.waterinfo.nsw.gov.au), and rainfall data were 

sourced the Bureau of Meteorology (www.bom.gov.au). 
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Figure  2 ɀ Actual annual  flows for the main tributary rivers (Fig. 1), including a) 

the Macquarie River, b) the Turon R iver and c) the Summer Hill Creek, upstream 

of the pump site.   

To estimate flows in the Summer Hill Creek catchment for the full period of data 

availability (1948-2012), we modelled the relationship of flows in the Summer 

Hill  Creek catchment (Ophir) with flows in the Macquarie River (Bruinbun)  and 

Turon River (Sofala) and local rainfall in the Summer Hill Creek system (Orange). 

Other gauges in the Summer Hill Creek system had limited data, or did not 

include the effects of Orange (Emu Swamp Creek, Fig. 1, Table 1). Further, the 

Ophir gauge was the furthest downstream of the gauges, providing the best 

measure of the flow contribution from upstream tributaries in the Summer Hill 

Creek system (Fig. 1).  



22 
 

 

There was daily data for the two main rivers: Macquarie River (Bruinbun, 2.2%) 

and Turon River (Sofala, 2.0%). We interpolated data for the Bruinbun gauge 

using two linear models using the two other gauges on the Macquarie River for 

two time periods: $ÉØÏÎȭÓ ,ÏÎÇ 0ÏÉÎÔ ɉρωχρ-78) and Yarracoona (mid 2011- 

22/03/ 13). For the remaining missing data (2.0%), we used a model with  Turon 

River flows (Sofala, Table 3). Local rainfall near the Bruinbun gauge (Hill End, 

BOM, Table 3) was tried but was not a significant explanatory variable in this 

model (p=0.60). Flows in the Macquarie River were reasonably well explained by 

the linear model which included the Turon River (R2=0.748). For missing data on 

the Turon River (Sofala), we modelled flows using daily flow in the Macquarie 

River (Bruinbun gauge) and local rainfall at Sofala (Old Post Office Gauge, 

 Table 3).  

 

For the Summer Hill Creek catchment, we modelled daily flows at Ophir, using 

daily flow data for the Macquarie River (Bruinbun)  and Turon River (Sofala), and 

local rainfall (Table 3, Fig. 1). We used local rainfall data from Orange 

Agricultural Institute ( Table 3) wit h missing data (1947-1966) replaced by data 

from the nearby Orange Post Office (4.43km). Before modelling daily flows in the 

Summer Hill Creek system, we investigated potential lags in flow at Bruinbun on 

the Macquarie and Sofala on the Turon, upstream of the Ophir gauge in the 

Summer Hill Creek system (Fig. 2). Such potential relationships were also 

important for measuring the potential impact of diversion of flows from the 

Macquarie River at the pump site (Fig. 1). We modelled lags of negative one 

(accounting for a potentially faster river), zero, one and two days using ordinary 

least squares regression. In addition, we also tested for lags between local 

rainfall at Orange and flows in the Summer Hill Creek catchment at the Ophir 

gauge. All models incorporating daily lags were significant (Table 4). Lags for the 

day before on the Macquarie and Turon improved the result of the regression (R2 

= 0.694) indicating flows were slower in the Summer Hill Creek system. We also 

found a one day lag for rainfall improved the regression (R2=0.734, Table 4).  
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Table 4 ɀ Results of regression analyses testing for lag relationships between 

different hydrological variables , compared to daily flows in the Summer Hill Creek  

system (Ophir) , including daily flows in the Macquarie River (Bruinbun), Turon 

River (Sofala) , and local rainfall (Orange).   

Comparison Lag tested 

(days)a 

R2 value p-value 

Macquarie River flow -1 0.694 < 0.001 

 0 0.685 < 0.001 

1 0.642 < 0.001 

2 0.628 < 0.001 

Turon River flow -1 0.694 < 0.001 

 0 0.685 < 0.001 

1 0.674 < 0.001 

2 0.674 < 0.001 

Orange rainfall -1 0.669 < 0.001 

 0 0.685 < 0.001 

1 0.738 < 0.001 

2 0.709 < 0.001 

3 0.677 < 0.001 

4 0.666 < 0.001 

aWe tested four lags for flow, the day before (-1), same day (0) and lagged flows by one 

or two days and for rainfall, we extended lags to 4 days. 

 

The model that best explained flows linked daily flows in Summer Hill Creek 

catchment (Ophir, lagged by one day), to the Macquarie River (Bruinbun) and 

Turon River (Sofala) and rainfall (Orange, lagged one day): 

 

ὛόάάὩὶ ὌὭὰὰ ὅὶὩὩὯ ὧὥὸὧὬάὩὲὸ Ὢὰέύί 

  ὓὥὧήόὥὶὭὩ ὙὭὺὩὶ ὪὰέύίὝόὶέὲ ὙὭὺὩὶ Ὢὰέύί 

ὙὥὭὲὪὥὰὰὩὶὶέὶ 

 

The model was highly significant (p < 0.001) with considerable variation 

explained (Adjusted R2=73%), where all three variables were significant  

(Table 5).  
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Table 5 ɀ Results of regression analysis (coefficients, t -value and probability) , 

relating lagged flow (1 day) at Summer Hill Creek  system to flows  in the 

Macquarie and Turon rivers and local rainfall at Orange.  

Variable Coefficient t-value Probability 

Intercept -0.523 -5.674 <0.001 

Macquarie River flow 0.642 24.739 <0.001 

Turon River flow 0.135 6.430 <0.001 

Rainfall 0.308 18.513 <0.001 

 

 

We used this model to estimate daily flows of the Summer Hill Creek system at 

Ophir and compared modelled to actual daily flows (Figure 3). The model tended 

to underestimate large flows and overestimate low flows (Figs. 3 & 4).  

 

 

Figure  3 ɀ Daily flow duration curves for modelled and actual flows of the 

Summer Hill Creek  system (Ophir) for the period 1971 -1978, based on a linear 

model using daily flow s from the Macquarie (Bruinbun)  and Turon Rivers (Sofala) 

and local rainfall (Orange)  as explanatory variables  with lags (see Table 4) .  
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Figure  4 - Comparison of mean (±SD) modelled  and actual fl ows for high, 

moderate, and low flow of the Summer Hill Creek catchment, measured at Ophir 

(Fig. 1).  

Modelled flows underestimated high flows above the 28th percentile and 

overestimated low flows between the 46th-88th percentiles (Figs. 3&4). Modelled 

flows then fluctuated above and below actual data at lower flows than the 88th 

percentile (Fig. 3). To determine the extent of this difference, data were ranked 

and differences examined where actual or estimated flows were respectively 

exceeded by 10%. We then used local linear regression to improve the model, 

using the relationship between actual and modelled flows at Ophir in the 

Summer Hill Creek system.  

 

ὃὨὮόίὸὩὨ ὺὥὰόὩ  Ὢὰέύ ὴὩὶὧὩὲὸὭὰὩὩὶὶέὶ 

 

High flows were adjusted with a linear model above the 0.4th percentile (R2 = 

0.86); between the 0.4th ɀ 2.5th (R2 = 0.93); and the 2.5th ɀ 28th (R2 = 0.91). 

Medium to low flows (>10% error) were split into three data sets for further 

linear modelling: 46th-88th percentile (R2 = 0.95), 88th - 96th percentiles (R2 = 

0.97), and lower than 96th percentile (R2 = 0.51). Some of the overestimation of 

low flows was probably due to errors in actual data, reflected in constant output. 

For example, 14.878ML d-1 occurred for 59 days at Lewis Ponds Creek (15/06/- 

11/07/71; 21/03/ - 02/04/1972; 11/04/ - 16/04/72; 23/05/ - 31/05/72; 

13/06/ - 02/07/72). These data were not included in the linear regression 
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modelling. Modelled flows were replaced with actual gauged flow where 

available, resulting in a dataset that best described flows in Summer Hill Creek 

for the extent of the modelled period. 

 

This allowed estimation of flows from the Summer Hill Creek catchment but it 

only reflected the level of development during the period 1971-1978 when the 

population of Orange was 23,172 (1971). Increased population and related 

water use further  reduced flows in the Macquarie River. We needed to estimate 

the long-term effect of a growing population in Orange (Fig. 5) on daily flows 

from the Summer Hill Creek system, post 1971-1978. Similarly, we also needed 

to adjust flows in the Macquarie River for the effects of increasing diversions 

upstream for the growing populations of Bathurst and Oberon (Figure 1). 

Adjustment also included the effects of diversions to the Fish River Scheme. 

Given low development of the Turon River (no town water allocated)(NSW 

Government, 2012b), flows in this river did not need to be adjusted.  

 

 

Figure  5 - Population growth in Orange , Bathurst and Oberon  on the Macquar ie 

River upstream of the proposed pump site , used to estimate water diversions 

from the Macquarie River , 1947 ɀ 1996 (Australian Bureau of Statistics, 1947, 1954, 

1961, 1966, 1971, 1981, 1986, 1996), 2001-2012 (Australian Bureau of Statistics, 2012; 

Bathurst City Council, 2012; Central West Catchment Management Authority, 2012; 

Miller, 2012; Orange City Council, 2004, 2007).  

Populations of Orange, Bathurst and Oberon grew by 58%, 44% and 74% 

respectively between 1971 and 2012 (Fig. 5). Annual water consumption data 
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only existed for major towns (Orange, Bathurst, Oberon) since 2001 (Orange City 

Council, 2004, 2007; National Water Commission, 2013). We were not able to 

access any historical urban water use data before 2001 for these urban centres. 

Long-term data for consumption per capita could only be obtained for 

Melbourne, from 1940 ɀ 2012 (Victorian Department of Planning and 

Community Development, 2005; National Water Commission, 2013). We 

separated the data into two periods because of a clear break in the relationship 

over time. We then separately estimated slope of the relationship for the two 

time periods: 1940-1981, when per capita water use increased; and 

subsequently when it decreased (Victorian Department of Planning and 

Community Development, 2005). We used this slope to adjust water 

consumption data for Orange, Bathurst (National Water Commission, 2013), and 

Oberon (Hunter Developmental Brokerage, 2007). We assumed that the 

relationship between water use and population would be similar but only used 

the slope because regional cities consume more water per capita than large 

water supply utilities (National Water Commission, 2013). For example, in 2012 

water consumption was higher in Oberon (353L capita-1 d-1), Bathurst (435L 

capita-1 d-1) and Orange (252L capita-1 d-1), compared to Melbourne (237L capita-

1 d-1) (Hunter Developmental Brokerage, 2007; National Water Commission, 

2013). We also included the Fish River Supply Scheme inter-basin transfer, using 

reported diversions since 1998 (State Water Corporation, 2013) and the average 

of these diversions for the period 1947-1998. These adjustments generated a 

historical model estimating urban water diversion history for the catchment 

above the pump site, including inter basin transfers to Lithgow, Sydney 

Catchment Authority and Wallerawang Power Station through the Fish River 

(Figure 6).  

 

We then developed Model A for which we estimated current development and 

applied this across the full period of record. We estimated water use for the 

three main urban centres, Orange, Bathurst and Oberon. We used recent data 

(2011-2012) for Bathurst (National Water Commission, 2013) and published 

data from 2007 for Oberon (Hunter Developmental Brokerage, 2007), and 

/ÂÅÒÏÎȭÓ ÍÁØÉÍÕÍ ÌÉÃÅÎÃÅÄ ÁÌÌÏÃÁÔÉÏÎ (Miller, 2012)  as reported water 
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consumption (National Water Commission, 2013) included the Fish River Supply 

Scheme diversions. /ÒÁÎÇÅȭÓ water use was reported separately as a lower value 

of potable water (L person-1 d-1), 2001-2008 (Orange City Council, 2004, 2007; 

National Water Commission, 2013), compared to the higher total sourced water 

which includes transfer to Cadia Valley mine (L person-1 d-1), 2007-2012 

(National Water Commission, 2013). We required estimates for potable water 

amounts (no diversion to Cadia) before 1998, and total sourced (including 

diversion to Cadia) from 1998-2013. Total sourced water data was only available 

from 2007-2012. We used three data points for which potable water and total 

sourced water were provided (2007, 2011 and 2012) to determine the 

relationship between potable water and total water. Total sourced water 

averaged 154% of potable supply, allowing derivation of the equivalent total 

sourced water for 2001-2006 and projection until 1998.  

 

 

 

Figure  6 - Diversions upstream of the pu mp site  to the three major urban centres, 

Orange, Bathurst and Oberon and the Fish River Supply Scheme based on licenced 

extraction  (1998 -2012, Miller (2012) ) and estimated average diversion based on 

this actual data for the period 1947 -1997 )  

 
We calculated flow diversions, upstream of the pump site, based on water use for 

the three major towns and the Fish River Supply Scheme (Fig. 6). Once we had 
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determined the growing consumption of water of Orange on flows from the 

Summer Hill Creek system, we reduced daily flow data according to increasing 

annual consumption per capita from 1978, the model calibration period. We also 

increased flows before this period (1948ɀ1972), accounting for lower population 

compared to 1971. This provided us with a historical estimate (Historic Model) 

of increasing diversions from the three subcatchments (Summer Hill Creek 

system, Macquarie River and Turon River, Fig. 1), which was used as a model of 

historical flows (Table 6,Fig. 8). 

 

We also created a current estimated diversion impact on this historical dataset 

by subtracting the 2012 water consumption from the system as the cumulative 

impact on the two heavily developed subcatchments, given 2012 water use. We 

called this Model A, allowing us to test the effects of the proposed development 

on river flows for the period over which we had data 1948-2012, with the 

current extraction demand, using available flow, rainfall, consumption and 

population data.  

 

Potential impact of pumping from proposed pipeline to Orange 
We used Model A, total flows for the Macquarie and Turon rivers, and modelled 

data for Summer Hill Creek to estimate the potential impact of pumping flow to 

Orange. The proposed pumping regime wi ll fill the dam to 90% capacity at all 

times that the river is above the Cease to pump (CTP) threshold. This CTP is 

specified as the 80th percentile which was modelled to be 22 ML d-1, under the 

Environmental Assessment model (GHD, 2012a). 

 

We obtained data from Orange City Council (Orange City Council, 2013) that 

described the fill level of Suma Park Dam from January 1992 to March 2013 at 

monthly intervals. These data were used to generate a pumping regime where 

the dam was filled according to the specifications in the Environmental 

Assessment (GHD, 2012b, i.e. when the dam was below 90% full, pumping could 

begin), reducing Macquarie River flow by 12ML per day as the pump operates. 

The effects of the pump would impact on a flow rate of 16ML d-1, as it diverts  
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12 ML over a period of 19 hours, not a full day. Therefore the pump would not 

turn on unless flow was 16ML above the 80th percentile; equal to, or greater than 

38ML d-1 (Fig. 7). This pumping regime was imposed on flows past the pumping 

site at the daily scale, simulating pump operation impact under current 

population and usage conditions for daily flows since 1992. These flow data 

simulated ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔȭÓ ÉÍÐÁÃÔ ÏÎ ÔÈÅ -ÁÃÑÕÁÒÉÅ 2ÉÖÅÒ ÄÏ×ÎÓÔÒÅÁÍ ÏÆ ÔÈÅ 

pump site, using actual data to model effects of the flow.  

 

 

Figure  7 ɀ Suma Park Dam actual  levels, and levels under modelled pumping. 

Modelled dam storage is filled by pumping regime stated in Environmental Assessment.  

 
We compared effects of different pumping regimes using our modelled data 

(Model A) and the conditions for pumping specified in the Environmental 

Assessment (GHD, 2012a) to impacts of the pumping from the model in the 

Environmental Assessment. There were two scenarios compared; one where 

pumping ceased when the river fell below the 80th percentile from Model A  

(102 ML d-1) or the 80th percentile specified in the Environmental Assessment 

(22 ML d-1, Model EA). We also tested the effects of removing the storage 

threshold, which stops pumping when the dam reaches 90% capacity. This was 

designed to investigate potential long-term impacts should storage capacity 

increase. 

 

Council plan to raise Suma Park Dam wall by a metre (Beatty, 2012). It is unclear 

whether increased dam capacity was accounted for in the Environmental 

Assessment water modelling (GHD & Geolyse, 2012). Secure yield was modelled 

with and without dam capacity increase, and the dam wall height was discussed 

(GHD, 2012a). We developed a model that accounted for the increase in the 
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height of the dam wall, which increased storage capacity at the 90% threshold. 

We used a low flow 80th percentile estimate provided by an independent review 

of the flow modelling (92ML d-1, Bewsher Consulting 2013) for this model.  

 

For the period where there were demand data for the dam (1992-2012), we 

examined the differences between five models. Model A and the EA model were 

tested under two scenarios, storage threshold from the current Suma Park Dam, 

and no storage threshold. The fifth model was a probable scenario of an 

approved development, the peer reviewed model with increased storage 

capacity in Suma Park Dam (Beatty, 2012). 

 

Results 

We used actual flow data for the Macquarie River (Bruinbun) and Turon River 

(Sofala) and modelled flows for the Summer Hill Creek system to produce a 

modelled estimate for flows in the Macquarie River at the pump site (Model A), 

from the cumulative total from these separate water sources (Fig. 8). At the level 

of annual flows, all water sources showed a similar although declining pattern of 

flow over time, but clearly the two smaller sources of water (Summer Hill Creek, 

Turon) had lower flows than the Macquarie (Fig. 8). Total gauged flows were 

variable, with peaks above 1,500,000ML yr-1 in the wet years of 1950, 1956, and 

1990. Dry years occurred in 1982, 1982, 1994, 2002 and 2009, with less than 

40,000ML yr-1 flow (Fig. 8).  
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Figure  8 ɀ Annual river f lows in three water sources of the  Macquarie System 

upstream of the pump  site (Fig. 1), provid ing an estimate for flows in ; a) 

Macquarie River  (Bruinbun) , b) Turon River  (Sofala) , c) modelled flows for 

Summer Hill Creek , and d) total flows from all three water sources (Model A) with 

rainfall.  Scale differs among panels. Rainfall was the average annual rainfall for three 

rainfall stations on the three main water sources (Hill End Post Office (Macquarie), 

Sofala Old Post Office (Turon), Orange Post Office and Orange Agricultural institute 

(Summer Hill Creek).  

 

 

Figure  9 ɀ Estimated d iversions from the catchment above the pump site , 1947 -

2012, using per capita water use with growth for urban populations in the 

catchment (Orange, Bathurst, Oberon) and the Fish River Supply Scheme. 

0

5

10

15

20

25

30

35

1947 1960 1973 1986 1999 2012

D
iv

e
rs

io
n
s
 y

r-1
  (

x1
0

0
0

M
L

) 










































































