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Executive Summary 
In 2016 the NSW Department of Premier and Cabinet prepared a scoping study and business case 
for the replacement of Wilcannia Weir, which was funded by the NSW Department of Primary 
Industries – Water.  The scoping study and business case identified the preferred option as being 
a new weir located approximately 5.25km downstream of the existing weir at a site referred to as 
“Site A2”.  A number of technical unknowns and information gaps were identified in the existing 
business case and scoping study that required further investigation prior to resolving the final 
preferred option for the Wilcannia Weir. 

This business case addendum presents the outcomes of the technical investigations that confirm 
the preferred option for the weir.  Next steps for the project include completion of detailed 
investigations (geotechnical/survey/hydraulics), concept and detailed designs, environmental 
assessments, procurement and construction. 

Structural investigation of existing weir 

A structural investigation and condition assessment of the existing Wilcannia Weir was undertaken 
with the aim of confirming the feasibility of refurbishing or replacing the existing weir (at the same 
site). 

It was found that an upgraded weir would generally restore the existing weirpool storage or 
otherwise increase it further.  However, the weir is nearing the end of effective design life and an 
upgrade of the existing weir would forgo realisation of benefits such as enhancement of visual and 
recreational amenity of the Darling River that are associated with a new downstream weir. 

In addition to other works, an upgraded existing weir would require a new line of steel sheet piling 
to bring the design life of the existing weir up to be consistent with the fishway that would be 
required to be constructed as part of the project. 

The cost for existing weir replacement at the same site plus a fishway is similar to that of a new 
downstream weir and fishway.  Considering this cost similarity, the other benefits associated with 
a new weir further downstream and the community preference, it is recommended that the existing 
weir be decommissioned and removed, and a new weir and associated fishway be constructed at 
a suitable site downstream. 

Community consultation 

Both the Indigenous and the broader community were consulted with the key aim of identifying the 
final preferred location for a new Wilcannia Weir.  A range of social, cultural and environmental 
concerns were considered utilising a collaborative approach aimed at incorporating valuable 
Indigenous and local knowledge.  During the consultation process a range of community issues 
and potential opportunities were raised and addressed.  In some instances, further consideration 
may be required during the pre-construction phase. 

The community broadly agreed to the final preferred location for the new Wilcannia Weir to be 
located at Site A2.  The community also has a clear expectation that any new weir should include 
capability to make small controlled releases downstream, with the focus on water quality 
management of the weirpool.  In addition, the community expressed a very strong desire to ensure 
local employment opportunities are maximised as part of the project. 

The formation of a Wilcannia Weir Working Group to ensure ongoing, meaningful and 
representative consultations (including input into final designs) for the duration of the project, is 
considered critical to the ultimate success of the project. 

During the consultation process two additional significant issues were also identified by the 
Indigenous community, being the re-establishment of a rock bar at a culturally significant site 
(Christmas Rocks) and capability to retain water in a large ephemeral lake near Wilcannia (Lake 
Woytchugga) during flood events.  Further investigations would be required to assess the feasibility 
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of addressing these proposals, however they are not directly linked to the weir project and an 
appropriate funding source would need to be identified to progress this work. 

Town water security 

The town of Wilcannia is serviced by a dual reticulated water supply scheme delivering both potable 
and raw water.  During times of no flow in the river when the existing weirpool is too low or of poor 
raw water quality, water is sourced from two ground water bores constructed downstream of the 
existing weir.  A secure yield analysis was undertaken to assess the water security implications of 
moving the weir to a new location, and to determine the height of the weir that would be required 
to provide water security to Wilcannia. 

The analysis showed that the secure yield for the weir with a crest 1m higher than the existing weir, 
exceeds the unrestricted dry year extraction requirements by about 100 ML per annum, and would 
provide water security for Wilcannia while also accounting for future climate variability.  A 1m higher 
weir crest with gated outlets would provide benefits of being able to make small controlled releases 
equivalent to inflows when the weir pool level is below the weir crest, plus additional managed 
releases of up to 100 ML per annum, if required. 

Town water quality 

An updated water quality risk assessment was completed utilising Council’s existing risk 
assessment (completed in 2012) as the basis.  The assessment found that a range of new hazards 
are introduced with the construction of a new weir downstream of town, with the water treatment 
plant being the key barrier to control many potential hazards in the water source. 

Central Darling Shire Council has funding secured and is currently planning for the construction of 
a new water treatment plant (WTP).  It is recommended that Council’s existing Drinking Water 
Management Plan be formally reviewed and updated in consideration of the new weir location and 
new WTP.  This should include a full review of the Hazard and Risk Assessment as part of the 
detailed design process for the new WTP to ensure that the preventative measures are effective in 
mitigating the risks. 

The assessment also noted that there is an existing risk of high salinity water in the weirpool mainly 
due to drought and prolonged periods of no or low flow.  Potential control measures for this hazard 
include upstream alerts, additional water quality monitoring and controlled releases from the new 
weirpool when saline inflows arrive.  The very significant increased volume of the new weirpool is 
also likely to reduce salinity impacts. 

Bore water is currently used to provide potable supply during times of very high salinity in the 
weirpool.  This could also be blended with water from the weirpool to reduce its salinity, if required.  
It is understood that the bores are considered to be alluvial with a potential hydraulic connectivity 
to the river; however, the water bearing zones of the bores are about 35 to 50m deep and the extent 
of the hydraulic connectivity may be reduced at this depth.  A hydrogeological investigation should 
be considered to better understand the potential for the weirpool to interact with the groundwater.  
This investigation would be used to inform the detailed design of the weir and the need to actively 
manage supply risk due to salinity in the weirpool. 

Weir type options 

A comparison of fixed crest and gated weir types has been undertaken to assess the relative 
advantages and disadvantages of each, and to make recommendations on the most suitable weir 
type for a new Wilcannia Weir. 

A fixed crest type weir was estimated to be more economical to construct compared to a gated 
weir, as could be anticipated.  However, there is a community expectation that some relatively 
small gated outlet provisions would need to be incorporated into the weir for the purpose of water 
quality management.  Gate operation was anticipated to be limited to during no or low flow periods 
when the water level is drawn down below the weir crest level and in response to poor water quality 
inflows.  
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Considering the waterway area obstruction for a fixed crest weir in relation to flood passage, 
increased upstream flood levels and potential for upstream impacts, it was found that there was no 
justification or need for a fully gated weir structure.  Additionally, there was no specific objective or 
design criteria for regulation of weirpool levels that would otherwise require the provision of 
additional storage volume, above water security requirements, and a substantial gated outlet 
capacity. 

Consequently, it is anticipated at this stage that a fixed crest weir type structure with gated outlet 
provisions for the draw-off of surface and bottom level water from the weirpool for water quality 
management purposes would be the most appropriate weir type.  Surface water draw-off could be 
served by the provision of at least one overshot type gate installed within a concrete weir crest 
section.  While bottom draw-off could be achieved via a scour outlet pipework system.  Depending 
on requirements, it may be possible to combine both functions within the scour pipe outlet system. 

Overall recommendations 

Based on these additional studies, the key recommendations for the Wilcannia weir are outlined 
below: 

▪ decommission and remove the existing weir; 

▪ construct a new fixed crest weir with fishway, gated outlet and scour capability, located 
at Site A2 with a 1 m increased crest level compared to the existing weir; 

▪ form and maintain a Wilcannia Weir Working Group; 

▪ undertake a hydrogeological investigation to better understand the potential for the weir 
pool to interact with the groundwater; and 

▪ undertake a review of Council’s Drinking Water Management Plan, including a review 
of the full Hazard and Risk Assessment, as part of the detailed design process for the 
proposed new water treatment plant. 
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Glossary 
 

Term Definition 

Differential head (H) Difference between water surface levels adjacent upstream and downstream 
side of a hydraulic structure. 

Headwater level (HWL) Water level immediately upstream of a river control structure that is not 
subjected to any significant draw-down or related disturbance. 

Left and Right Reference to left and right is with respect to the view in the downstream 
direction, in accordance with industry practice. 

Percentile Term used to indicate thresholds or boundary values in frequency 
distributions.  For example, the 95th percentile is that value which marks off 
the lowest 95 percent of observations from the rest and exceeds all but 5 
percent of the values; the 50th percentile is the same as the median value 
(i.e. middle value in a ranked list of all values). 

Tailwater level (TWL) Water level immediately downstream of a river structure that is beyond the 
zone of any high energy flow and/or turbulent water. 
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Abbreviations and Notations 
 

H structure differential head (difference in water levels) 

≈ or ~ approximately equal to 

AEP annual exceedance probability 

AHD or mAHD Australian Height Datum (in metres) 

ARI average recurrence interval 

CH or Ch chainage 

CTF cease-to-flow; or commence-to-flow 

D/S or d/s downstream 

DEM and DTM digital elevation model; and digital terrain model 

dia. diameter 

DoI Fisheries Fisheries Division, Department of Industry 

DoI Water Water Division, Department of Industry 

Drg. drawing 

e-flow environmental flow 

FSL full supply level 

GA general arrangement 

GL gigalitres (1 x 109 L) 

HWL headwater level (upper pool or storage level) 

L/s or l/s litres per second 

m3/s or cumecs cubic metres per second 

ML and ML/day or ML/d megalitres (1 x 106 L); and megalitres per day 

No. number 

nom.  nominal 

NS and NSL natural surface; and natural surface level 

Q flowrate (or discharge) 

RL reduced level 

T.O. top of 

TWL tailwater level or top water level 

typ. typical 

U/S or u/s upstream 

WL and WSL water level; and water surface level 
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1. Introduction 
The township of Wilcannia is located on the Darling River in western NSW within the Central Darling 
Shire local government area and comprises the principal township of Wilcannia with a population 
of approximately 800 and several smaller communities.  

The Wilcannia weir was originally constructed in 1942 for the purpose of providing a more reliable 
town water supply for Wilcannia. The weir is the primary source of water supply for the town, 
augmented by an emergency groundwater supply that currently provides a limited amount of water 
to basic community needs, particularly in periods of drought.  The weir is in a state of declining 
condition and functionality and there is a significant risk to the long-term security of town water 
supply. 

 

1.1 Background 
In 2016 the NSW Department of Premier and Cabinet prepared a scoping study and business case 
for the replacement of Wilcannia Weir, which was funded by the NSW Department of Primary 
Industries – Water.  The scoping study and business case identified the preferred option as being 
a new weir located approximately 5.25km downstream of the existing weir at a site referred to as 
“Site A2”.  The Wilcannia Weir business case stated that, “A weir at Wilcannia will improve liveability 
by securing the town’s water supply and therefore readily available, inexpensive, high quality water 
for consumption.  In the long term improved river flows will provide a cultural boost to the Aboriginal 
community and provide recreational opportunities.” 

There are three key objectives for the overall Wilcannia Weir upgrade project: 
1. To provide for a safe, secure town water supply for the township of Wilcannia; 

2. To enhance opportunities for cultural gatherings; 

3. To provide for low impact water recreation opportunities. 

It is currently proposed to deliver the Wilcannia Weir project in 3 stages: 

▪ Stage 1a – complete additional technical investigations and community consultation, 
delivering an addendum to the business case to confirm the preferred option; 

▪ Stage 1b –concept designs and environmental assessment; 

▪ Stage 2 – design and construction. 

A number of technical unknowns and information gaps have been identified in the existing business 
case and scoping study that require further investigation prior to resolving the final preferred option 
for the Wilcannia Weir. 

The Department of Industry (DoI) Water has engaged Public Works Advisory (PWA) to complete 
Stage 1a of the Wilcannia Weir project.  The scope of work for Stage 1a includes: 

i. Structural Investigation of Existing Weir – to confirm the feasibility and estimated 
cost of refurbishing the existing weir. 

ii. Community Consultation - to consult with both the Indigenous and broader 
community with an aim to understand their expectations and identify the final preferred 
location for a new Wilcannia Weir. 

iii. Secure Yield Analysis – to assess the implication of moving the weir on the water 
security for Wilcannia and determine the weir crest level. 
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iv. Source Water Quality Risk Assessment – to consider the risks associated with the 
hazards of locating the weir downstream of the town to inform Council’s Drinking Water 
Quality Management System (DWMS) and the design of any future upgrade to the 
Wilcannia Water Treatment Plant. 

v. Weir Type Options – undertake high level costs and benefits assessment of fixed crest 
or modulating weir types. 

vi. Addendum to the Business Case – that summarises the outcomes and confirms the 
preferred weir type and location option, and proposes a weir crest level. 

 

1.2 Existing Wilcannia Weir 
The existing Wilcannia Weir is a fixed crest sheet pile rock fill weir that is over 70-years old and 
has been assessed as part of this addendum as near the end of effective design life.  The current 
weir condition has resulted in the inability to hold a weirpool at the design full supply (FSL) level 
during no-flow periods due to a crest breach adjacent the right-hand side weir abutment.  Extensive 
weir refurbishment or replacement works would be needed to restore the original functionality and 
re-establish a long-term design life. 

1.2.1 Wilcannia Weir Upgrade Options 
Broad options previously considered for upgrade of the existing Wilcannia Weir include the 
following: 

1. Refurbishment / replacement of the existing weir at current site; 

2. Provision of a new weir at one of several potential sites located downstream of the 
existing weir and past the Barrier Highway bridge. 

A new weir located downstream has the potential to deliver additional benefits compared to 
refurbishment / replacement of the existing weir at the same location. 

1.2.2 Site Options for a Proposed New Weir 
Four revised main new weir site options were previously investigated in relation to site feasibility 
for construction of a potential new weir on the Darling River at Wilcannia.  The investigation was 
referred to as a site reconnaissance. 

The preferred new weir site option from the new weir site reconnaissance report (Public Works, 
2013) was Site B, which is located approximately 4.2km downstream of the existing Wilcannia Weir.  
The most upstream site previously considered in the same report was Site D, which is located 
approximately 1.9km downstream of the existing weir or about 1.4km downstream of the Barrier 
Highway bridge.  In a subsequent ranking of site suitability, Site A2 was identified as an alternative 
preferred site and is located a further 1km downstream from Site B. 

The business case (Jacobs, 2016) selected Site A2 as the preferred downstream location for a 
new weir, which is located approximately 5.25km downstream of the existing weir.  Additionally, it 
was noted in the business case that Site 1, from the SMEC 2000 report (Appendix B of Public 
Works, 2013), located about 6km downstream of the existing weir was preferred by some 
community members. 

Other studies identified a possible site at a rock-like bar located about 0.7km downstream of the 
existing weir or about 0.2km downstream of the bridge.  It was understood that this location was 
also identified as a site of interest pending further community consultation.  The consultation 
undertaken found that there was little community interest in this site option. 

At the commencement of preparation of this addendum to the business case a preferred site 
location had not yet been agreed.  The business case had identified that the final preferred location 
may need to be adjusted during the design phase of the project in response to community 
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consultation and technical investigations.  These aspects have generally been addressed by this 
addendum. 

 

1.3 Figures 
This subsection contains the following inserts: 

Figure 1-1:  Site Overview Plan (West) - Sheet 1 of 2 

Figure 1-2:  Site Overview Plan (East) - Sheet 2 of 2 
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2. Structural Investigation of Existing Weir 
2.1 General 
Public Works Advisory have undertaken a structural investigation and condition assessment of the 
existing Wilcannia Weir with the aim of confirming the feasibility of refurbishing or replacing the 
existing weir (at the same site) and the estimated cost of the works.  The design full supply level 
(FSL) for a refurbished/replacement weir was anticipated to be either matched to the existing FSL 
or otherwise raised to improve the raw water storage capacity of the weirpool.  A raising of between 
0.5 to 1m was anticipated subject to confirmation by the water supply security analysis, which is 
presented in Section 6. 

Inspection Conditions 

The weir was inspected on the 5th December 2018 with no-flow in the river and a weirpool that was 
drawn-down to about 0.8m below the weir crest FSL, which provided for good general access over 
the structure. 

Weir Location 

The existing weir structure is located about 500m upstream of the Barrier Highway bridge over the 
Darling River and about 80m downstream of the existing raw water supply intake on the right-hand 
side (western) riverbank.  The existing weir location is shown in Figure 1-1. 

 

2.2 Weir Description 
The existing weir was originally constructed in 1942 with major refurbishment works carried out in 
1987. 

The weir is a fixed crest steel sheet pile structure that is up to around 3.5m high with a 35m long 
main crest and nominal 0.3m high wing wall crest sections at the left and right abutments that are 
8.6 and 5.9m long, respectively.  The nominal design FSL is 65.65mAHD, which is set by the main 
crest level. 

The historical staging of works and the respective main weir elements are comprised as follows: 

Original Weir (1942 to prior 1987) 

▪ an impervious clay earthfill embankment core; 

▪ a central line of steel sheet piling, which serves as the main provision for under-
seepage control in conjunction with the clay core; 

▪ original timber plank capping that has been replaced with concrete capping for the line 
of steel sheet piling, 

▪ timber plank sheeting and supporting round timber piles and wales at each riverbank 
abutment; 

▪ stepped timber crib work filled with stone on the downstream side of the crest that is 
anchored with round timber piles at each of the four (4) crib work steps; and 

▪ stone pitching scour protection just upstream of the crest and at the downstream toe. 

Refurbished Weir (1987) 

▪ a concrete infilled central low flow spillway and 0.3m high concrete wing walls at both 
the abutments; 

▪ extended concrete capping on the left abutment; 
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▪ extensive restoration of scouring on the left hand side riverbank and bed areas; and 

▪ placement of rockfill to reform upstream and downstream embankment batter faces. 

The main line of steel sheet piling is shown generally embedded within clay foundations. 

A cross-section of the weir for the 1987 refurbishment works is shown in Figure 2-1. 

 

 

Figure 2-1:  Weir cros s-section for 1987 refurbi shment work s 

 

2.3 Overall Weir Structure Assessment 
Overall the weir is in poor condition and is regarded to be near the end of effective design life. 

The main issues with the existing weir include: 

▪ Inability to maintain an upstream weirpool at the design full supply level (FSL), which is 
nominally at 65.65mAHD due to a crest gap/breach adjacent the right abutment; 

▪ Generally dilapidated sections of timber (plank) sheet piling, particularly adjacent the 
right abutment where the loss of timber integrity has resulted in a significant breach of 
the weir crest of at least 0.6m in height; 

▪ Minor seepage observed on the downstream face of the weir, which could be expected 
to increase under a full weirpool.  The age of the structure suggests that the steel sheet 
pile cut-off wall may be corroded in areas; 

▪ Loss of large rockfill downstream of the crest, particularly towards the right-hand side 
half of the structure; 

▪ Erosion on the right bank abutment and immediately upstream and downstream of the 
abutment; 

▪ Moderate deterioration of the weir crest capping concrete quality; however, no fresh 
cracking was noted; 

FLOW 
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▪ Large scour hole at the downstream weir toe, which was holding water and could not 
be inspected; 

▪ No formal site access provisions. 

 

2.4 WHS 
If the weir was to be refurbished/replaced the following minimum WHS provisions are expected to 
be required assuming that an upgraded weir would be required to incorporate minor gated outlet 
provisions and an integrated fishway: 

▪ Improved vehicle access road, parking and turning area including reforming, gravel 
surfacing and exclusion bollards or guard railing along the top of the high river bank 
and drainage gully; 

▪ Provision of pathways and concrete access stairs down at least one riverbank for 
operator access to the weir outlet gates and fishway structure; 

▪ Potential additional access provisions to the existing river intake structure; 

▪ Potential provision of vandal proof control building and access provision for any gate 
control equipment; 

▪ Public Safety warning signage; 

▪ Handrailing and edge protection, where required based on a risk assessment; 

▪ Screening of the inlet of any pipe outlet works. 

 

2.5 Fishway 
There is no major issue that would require a new fishway to be located on one particular side or 
the other.  The right abutment has faster access from the town and is relatively close to the water 
treatment plant.  However, the right abutment is more accessible to the public from the town.  The 
left abutment is lower and more susceptible to flood inundation. 

The required fishway is anticipated to be either a vertical-slot type or a rock ramp type. 

 

2.6 Existing Weir Upgrade 
An upgraded weir would generally restore the existing weirpool storage or otherwise increase it 
further.  However, upgrade of the existing weir would forgo realisation of benefits such as 
enhancement of visual and recreational amenity of the Darling River that are associated with a new 
downstream weir. 

In addition to other works, an upgraded existing weir would require a new line of steel sheet piling 
to bring the design life of the existing weir to be consistent with the fishway that would be required 
to be constructed as part of the project. 
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3. Community Consultation 
Big River Consulting (BRC) was engaged to conduct consultations with both the Indigenous and 
broader community with an aim to identify the final preferred location for a new Wilcannia Weir. 
The consultation focused on a respectful acknowledgement of the spiritual relationship of the 
indigenous community with the river. A range of social, cultural and environmental concerns were 
considered utilising a collaborative approach aimed at incorporating valuable Indigenous and local 
knowledge. The Community Consultation Report prepared by Big River Consulting is provided in 
Appendix B. 

The community acknowledged the fact that improved water flow is likely to enhance tourism, 
agricultural output, community autonomy, health and at the same time stimulate private and 
government investment. Enriched recreational amenities and increased water flow is likely to 
inspire community pride, revitalise river ecosystems and increase native fish populations. 

Weir Sites 

At the commencement of the consultation, two general locations for an alternative weir site were 
put forward by the community.  The advised added purpose was to provide a weirpool that could 
backup water into Woytchugga Creek and produce inflows to and inundation of Woytchugga Lake 
with the aim of creating opportunity for enhanced cultural practices and other benefits.  The two 
potential locations for an alternative weir site were clarified with the community to be as follows: 

▪ just downstream of the Woytchugga Creek junction with the Darling River, and 

▪ significantly further downstream along the Darling River near a place referred to as 
Christmas Rocks, which is a site of Aboriginal significance. 

The two potential alternative sites are located at about 5.4 and 25.3km respectively downstream of 
Site A2, which is approximately 5.25km downstream of the existing Wilcannia Weir. 

Given that the Woytchugga Creek CTF level of 71.7mAHD is 6.05m above the design weirpool 
FSL (matched to existing) then a significantly increased weir height would be required.  A weir of 
this height would be significantly higher in cost, likely need to be fully gated to allow flood passage 
and generally be out of context with the current project.  Consequently, the pursuit of the alternative 
site options for a potential new weir was ceased in agreement with the community. 

Community Issues 

During the consultation process a range of community issues and potential opportunities were 
raised and addressed.  The community concerns raised are briefly summarised below.  More 
information is provided in the BRC report and also within Subsection 3.4 in Appendix C. 

Indigenous Cultural Heritage 

▪ The significance of a large ephemeral lake adjacent the Darling River west of Wilcannia, 
known as Lake Woytchugga, and the frequency of its natural filling, was raised.  The 
community considered the filling of the lake and retention of water offers a significant 
potential opportunity to hold frequent cultural and traditional dance gatherings which 
could in turn foster tourism and income opportunities. 

▪ Indigenous elders requested that the natural rock bar at Christmas Rocks, originally 
blasted to facilitate the passage of steamboats along the river, be re-established.  This 
site is the source of the Wilcannia creation story and is the most significant Indigenous 
site in the region. 

Further investigations would be required to assess the feasibility of addressing these issues, 
however they are not directly linked to the weir project and an appropriate funding source 
would need to be identified to progress this work. 
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Water security 

▪ The need to secure the supply of drinking water for Wilcannia was raised. 

▪ There is a concern that ongoing reliance on the bores could result in a drop in the bore 
water levels, placing them at risk. 

▪ Concern was raised that poor quality drinking water may in turn contribute to extreme 
economic disadvantage which may involve catastrophic social and health 
consequences. 

Water quality 

▪ Some considered the water quality to be poor and not of an acceptable standard.  The 
saline water has impacted the gardens with some fruit trees dying. 

▪ Algal blooms were raised as a concern. 

▪ Sewage system failures in town could end up in the river and the weirpool. 

▪ Stormwater feeds into the weirpool. 

▪ There was also a concern raised regarding the potential dumping of oil and waste into 
town waterways. 

Recreation 

▪ The recreational needs of children were emphasised.  The section of the river from the 
present weir to the southern end of town has been an historical recreational playground 
for children.  When the river is flowing over the weir (not deep) and the water quality is 
good, it has been their favourite adventure playground. 

Employment 

▪ The community expressed a strong desire to ensure the weir project will have a positive 
community impact, particularly for promoting local employment opportunities. 

Project timing and process 

▪ Many community members believed the weir construction would likely occur during 
2019 or 2020.  After the consultations the majority of the community were in favour of 
a new weir location at the previously preferred A2 site. 

False impressions 

▪ With a permanent weirpool under the bridge, tourists and travellers are likely to think 
there is plenty of water in the Darling River when in fact there may be no flow.  This 
does not help the ongoing community and regional drive for improved river conditions 
and water flows. 

Recommendation 

The community broadly agreed to the final preferred location for the new Wilcannia Weir to be 
located at Site A2.  The formation of a Wilcannia Weir Community Consultation Group, to ensure 
ongoing, meaningful and representative consultations for the duration of the project, is considered 
critical to the ultimate success of the project. 
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4. Inundation Mapping & Potential Upstream Impacts 
4.1 Purpose 
Construction of a new weir downstream of, or with a raised design crest level as compared with, 
the existing Wilcannia Weir has the potential to result in upstream impacts and/or implications for 
water sharing with downstream users.  

Public Works Advisory has undertaken an investigation to provide details of weirpool inundation 
extents for a proposed new Wilcannia Weir located at the preferred weir Site A2.  For comparison, 
similar details are provided for the existing Wilcannia Weir. 

The inundation mapping presented here allows for the examination of upstream weirpool extents, 
to ensure that any new weirpool and/or a potential crest level raising can be adequately contained 
in-bank and that upstream impacts are minimal.  

Inundation mapping and potential upstream impacts are more thoroughly detailed in the associated 
Summary Paper - Weirpool Inundation Extents and Storage Ratings, which is provided in Appendix 
C. 

4.2 Weirpool Study Area 
A weir at Site A2, with a design crest FSL matched to the existing weir, would effectively maintain 
the current existing weirpool while also providing a new additional weirpool storage between 
Site A2 and the upstream located existing weir.  This would add approximately 5.25km to the length 
of the existing weirpool, which is about 59.07km long, to create a combined weirpool length of 
64.3km. 

The inundation mapping prepared covers the full extent of the combined weirpool for a FSL 
matched to the existing weir. The mapping also extends further upstream to cover the additional 
weirpool and inundation areas created for a 0.5 to 1m weir design crest level raising.  

At the request of the Wilcannia Community, additional inundation mapping for a new weir at a 
Christmas Rocks site has been prepared, to examine the potential to produce inflows to and 
inundation of Woytchugga Lake.   (Refer to Summary Paper - Weirpool Inundation Extents and 
Storage Ratings, provided in Appendix C). 

 

4.3 Available Data 
The following data was utilised in the generation of the upstream inundation mapping. 

4.3.1 Digital Terrain Model 
A digital terrain model (DTM) comprising geographically located natural surface levels (NSL) was 
acquired using airborne laser survey (LiDAR) during the period from 2 February 2014 to 
5 March 2014.  The DTM was provided as a 1m resolution grid with expected vertical and horizontal 
accuracies of ±0.15m and ±0.3m, respectively. 

 

4.3.2 Weir Crest & Upstream Cross-section Survey (2019) 
A recent field survey was undertaken by Central Darling Shire Council to confirm existing weir crest 
levels and to obtain a cross-section of the Darling River adjacent the Wilcannia water supply raw 
water intake pumping station. 

It was determined in the survey that the main crest level of the existing Wilcannia Weir varied 
between 65.68 and 65.76 mAHD, with an average RL 65.72 mAHD.  At this stage to maintain 
consistency across the project and with other background studies, a nominal design FSL of 
65.65 mAHD has been used for the existing weir. 
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The surveyed width of the river at design FSL at the upstream raw water intake is about 45m, 
and the riverbed low point is RL 62.15 mAHD. 

 

4.4 Mapping 
4.4.1 Setup 
The acquired DTM data sets have been processed to generate a combined DTM that effectively 
covers the whole of the study area.  The combined DTM was used as the basis for production of 
inundations maps using geographical information system (GIS) software with the final set of plan 
drawing figures produced using a CADD package. 

The plans show the inundation of natural ground surface areas that are directly connected to the 
weirpool or area under consideration.  Low lying natural surface areas that were found not to be 
connected were excluded from being shown as inundated. 

The inundation plans presented are based on horizontal water surface levels that correspond to no 
flow conditions. 

4.4.2 Complementary Thematic Height Map Colourisation 
To complement the inundation mapping, natural surface areas that are above the inundation water 
level under consideration have been shown colour coded according to a defined series of natural 
surface level (NSL) height ranges that have been applied to create a set of enhanced thematic 
height inundation maps. 

A colour legend including the corresponding height in relation to the existing weir FSL is provided 
on each inundation plan. 

Site A2 and Existing Weir 

The inundation mapping prepared covers the full extent of the combined weirpool for a new weir at 
Site A2, with a design crest FSL matched to the existing weir. The mapping also extends further 
upstream to cover the additional weirpool and inundation areas created for a 0.5 to 1m weir design 
crest level raising. 

Decommissioning of the existing weir would be required to ensure connectivity between the new 
additional weirpool and the existing weirpool.  The combined weirpool would thereby be accessible 
to the existing Wilcannia raw water intake pumping station, which is located on the right-hand side 
riverbank at about 80m upstream of the existing weir. 

Considering the above, inundation mapping for the existing Wilcannia Weir can inherently be seen 
within the inundation mapping prepared for Site A2. 

The river reach downstream of the existing weir will be significantly impacted by the proposed 
additional weirpool.  For this reach, detailed inundation plans have been prepared that allow a 
comparison to be made between current existing natural river conditions and proposed future 
weirpool inundated conditions. 

Refer to Figure 4-2 at the end of this section. 

The following comments are made about weirpool extents and expected inundation. 

4.4.3 Weirpool at Existing Design FSL 
▪ The weirpool inundation extents are well confined within the banks of the main river 

channel with no breakouts and only apparently insignificant extents of water backing 
up into tributaries and/or drainage watercourses; 

▪ Upstream of the existing weir the inundation extents are essentially the same as those 
for the existing weir, assuming the existing crest breach is remediated; 
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▪ Downstream of the existing weir the inundation impact of the proposed new additional 
weirpool storage would be greatest since river conditions would change from the 
existing natural state to an artificial weirpool state with consequent effects including 
reduced river flow velocities and increased depths; 

▪ The upstream weirpool extent would remain unchanged at about 59.07km upstream of 
the existing weir, or 64.3km upstream of the proposed new weir at Site A2. 

4.4.4 Weirpool at a Raised Design FSL (0.5 to 1m, and up to 2m) 
▪ There are no apparently significant increases in lateral weirpool extents and no 

weirpool breakout of the main river channel associated with the nominated design FSL 
raisings, as indicated by the limited difference between the dark blue and aquamarine 
colours mapping colours.  This suggests that there is no significant topographical 
impediment to an increase in the design FSL of the order that is envisaged; 

▪ Where an increase in the lateral extents is most apparent then these are typically 
associated with the following: 

 An increase in depth of weirpool corresponding to the increase in design FSL; 

 Inundation of in-channel riverbank and bed features, such as, high bed sections, 
flatter banks areas and low bank benches, all positioned below a level of 4m or 
more from the top of riverbanks (i.e. below red and gold colours).  Moving upstream 
towards the upstream inundation extents the slope of the river results in rising bed 
levels that tend to show as more likely to become inundated with a raised design 
FSL, as could be expected. 

 Relative minor intrusion into tributaries and/or drainage watercourses typically less 
than 130m except for a ~490m backup into Kallyanka Creek and a ~800m backup 
into Paroo River. 

Note that the above intrusion distances have the potential to be significantly less 
should a design FSL raising of less than 2m be pursued. 

▪ The upstream weirpool extent would move further upstream compared to existing as 
the design FSL is increased.  The following upstream extents have been identified for 
various design FSLs: 

 Existing FSL 65.65 mAHD:    Ch 59.07km (existing extent); 

 FSL+0.5m raising to 66.15 mAHD:  Ch 75.76km (increase of 16.68km); 

 FSL+1m raising to 66.65 mAHD:  Ch 80.6km (further increase of 4.84km). 

4.4.5 Site A2 Additional Weirpool Impact Mapping - Current and Future Conditions 
Figure 4-3 and Figure 4-4 provide a pair of detailed figures that are focused on the river reach 
length that would contain the additional weirpool storage for a proposed new weir at Site A2.  The 
figures are basically identical, except that the first figure shows the inundated conditions of the 
proposed (future) combined (additional + existing) weirpool while the second figure shows the 
existing (current) natural river conditions downstream of the existing weirpool inundated area. 

A comparison is made here between the two detailed inundation figures that show future and 
current river conditions for the river reach downstream of the existing weir that contains the 
proposed additional weirpool storage.  The identified main aspects, and differences between 
current and future river conditions, are provided: 
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▪ This reach of river will experience the most significant change in river conditions due to 
the change from an existing natural state to an artificial weirpool state.  Consequent 
main effects include reduced river flow velocities, increased depths and generally 
permanent inundation of the riverbed and riverbank toe portions below a weirpool 
design FSL of 65.65 mAHD (matched to the existing weir); 

▪ The rock bar located generally behind the courthouse, at about 700m downstream of 
the existing weir, will become permanently inundated; 

▪ The highest riverbed area within the reach is located at about Ch -2.15km (mid-pool) 
and represents a CTF level of 63.39 mAHD.  This level is 2.26m below a weirpool 
design FSL of 65.65 mAHD.  An assumed draw down of the additional weirpool pool to 
the CTF level would result in the weirpool becoming divided and the downstream 
portion being isolated from the existing raw water intake.  Considering the existing 
minimum extraction level of 63.65 mAHD (FSL-2m) then the high bed CTF level, which 
is 0.26m lower, is not expected to be an issue; 

▪ At the Barrier Highway bridge, the river depth would increase by 2.45m at a weirpool 
design FSL of 65.65 mAHD relative to an existing no flow river water level of 
approximately 63.20 mAHD that was captured in the DTM; 

▪ The additional weirpool storage will increase river levels along the reach of river that is 
adjacent to the existing emergency town water supply bores that are located near 
“Union Bend”.  This may have implications that could include, for example, a change in 
borefield aquifer recharge rates and/or a potential change in water quality.  This aspect 
may require further investigation. 

 

4.5 Potential Upstream Impacts 
The proposed construction of a new weir located downstream or an upgraded existing weir with a 
raised FSL both have the potential to produce increased upstream river water levels due to a 
change in the proportion of the natural waterway area that would be obstructed by the weir. 

At near CTF river conditions (~0 ML/day) the increase in upstream river levels is generally equal to 
the height of the new weir or crest raising.  As river flows progressively increase, the difference 
between existing upstream river levels compared to those for the new or raised weir would diminish 
as the weir becomes first submerged and then drowned out.  At weir drown-out the weir ceases to 
be the primary hydraulic control on upstream river water levels. 

For relatively high river flows, the difference between existing and proposed upstream river levels 
is referred to as the afflux.  A typical design requirement is to ensure that the afflux has diminished 
to an amount deemed to be insignificant at some point, such as before overtopping of a structure 
occurs or the river is able to breakout of the banks. 

Accordingly, the likelihood of potentially significant upstream impacts increases with waterway area 
obstruction and weir height (or raising amount) and additionally, as progressively lower upstream 
ground or built infrastructure levels of interest are considered, which may become inundated at 
lower flows than existing. 

Figure 4-1 shows diagrammatically the above hydraulic behaviour and reduction of afflux with 
increasing flows. 
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Figure 4-1:  Progr essive change in weir flow prof iles with a change in f low 

 

A proposed new weir at Site A2 would obstruct the natural river waterway area relative to a top of 
low (left) bank level of 72.11mAHD by 25% at existing design FSL 65.65mAHD and by 35% for a 
Crest raised by 1.0 (66.65mAHD). 

4.5.1 Drown-Out 
Drown-out assessments were undertaken using the Bernoulli Equations and tail water ratings 
determined using the Manning Equation. 

The key results of the weir drown-out flow assessments are provided in Table 4-1. Results are 
applicable for a tailwater rating based on a riverbed slope of 1 on 15,000 and Manning’s roughness 
coefficient of 0.035, with sensitivity assessed using values of 0.03 and 0.04. 

The below weir drown-out flows are substantially below the top of low bank level, indicating a 
proposed weir at Site A2 is unlikely to produce any apparent significant upstream impacts.  At the 
above weir-drown-out flows, future upstream water levels at Site A2 would be between about 
0.14 to 0.18m higher than existing depending on the height of the proposed weir.  These afflux 
values would diminish due to backwater effects moving away from the weir site in the upstream 
direction. 
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Table 4-1:  Key results of  the drow n-ou t flow assessments 

Item Weir Design FSL Matched to 
Existing 65.65 mAHD  

Weir Design FSL Raised 1m 
to 66.65 mAHD  

Weir drown-out flow (ML/d) 
7,600  

(sensitivity range 9,390 to 
6,370 respectively) 

12,070  
(sensitivity range 14,920 to 

10,110, respectively) 

Weir drown-out flow exceedance 
probability (%) * 23 17 

Headwater level (mAHD) 66.77 68.09 

Tailwater level (mAHD) 66.63 67.91 

Depth over crest (m) 0.74 0.95 

Structure headloss (m) 
0.14 afflux (sensitivity range  

0.16 to 0.12 respectively) 
0.18 afflux (sensitivity range 

0.20 to 0.16 respectively) 

Headwater level below T.O. low bank (m) 5.33 4.01 
* Estimated from historic gauge data 

 

4.5.2 Afflux 
Compared to the results for the weir drown-out assessment, the above weir flows remain at levels 
that are substantially below a top of low bank level of 72.11 mAHD.  The increase in flow rate 
needed to reduce afflux to 50mm results in increased headwater levels that are 0.42 and 0.87m 
higher than those for weir drown-out conditions.  These additional figures reaffirm the expectation 
that a proposed weir at Site A2 is unlikely to produce any apparent significant upstream impacts. 

The above assessment of a 50mm afflux at a flow of 16,200ML/day over a new weir with a 1m 
raised FSL provides an indicative river level above which the potential for significant upstream 
impacts are anticipated to be negligible.  This flow corresponds to a headwater level of 
68.96 mAHD, which is 2.31m above a 1m raised FSL or 3.31m above the existing design FSL. 

 

4.6 Figures 
This subsection contains the following inserts: 

Figure 4-2:  Weirpool Inundation Mapping (Town & Bar 1) - Sheet 1 of 6 

Figure 4-3:  Detailed Weirpool Inundation Mapping - Proposed New Weir (Site A2) 

Figure 4-4:  Detailed Weirpool Inundation Mapping - Existing Weir 
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5. Weirpool Storage Ratings 
5.1 General 
Weirpool storage ratings for volume capacity and surface area have been developed to cover the 
following: 

▪ weirpool for the existing weir; 

▪ combined (additional + existing) weirpool for the proposed new weir at Site A2. 

The ratings have been used as a key input to the water supply security analysis modelling. 

The overall ratings for the above have been broken down into weirpool subdivisions that are defined 
by significant river bed features.  These features cause major fragmentation of the existing weirpool 
when the storage is sufficiently drawn down during a period of no-flow in the river. 

Consequently, the bed features impact the accessibility of stored water and connectivity to the 
extraction point at the existing raw water supply intake.  The intake is located on the right-hand 
side riverbank 80m upstream of the existing weir.  It is not proposed to change the location of the 
intake. 

In a prolonged drought a significant volume of isolated storage, that is not able to drain directly to 
the intake, is required to be pumped over the respective dividing bed feature by means of temporary 
works and measures.  This current practice would remain applicable for the proposed new 
combined weirpool; however, the frequency of these instances is anticipated to decrease.  The 
pumped transfer of isolated storage volumes has been accounted for in the water security analysis. 

A schematic of the combined weirpool longitudinal profile is provided in Figure 5-2 (at the end of 
this section), which shows the key river bed features, subsequent weirpool subdivisions, stored 
water connectivity and related details.  Note that the existing raw water intake is located within the 
existing subdivision identified as Pool 1. 

Decommissioning of the existing weir would be required to achieve continuity between the 
proposed new additional weirpool (Pool A2) and the existing weirpool subdivisions, which comprise 
Pools 1, 2 and 3, and the End Pool.  Accordingly, the combined weirpool would subsequently be 
accessible to the existing raw water supply intake. 

 

5.2 Storage Volume Accessibility and Minimum Extraction Level 
The total weirpool storage volume is made up of accessible storage and dead storage portions. 

The accessible storage portion consists of both connected storage, able to drain directly to the 
intake, and isolated storage that may be effectively transferred. 

The dead storage portion is located below the minimum level that stored water could be effectively 
extracted by permanent and/or temporary works and measures.  Consequently, the dead storage 
volume is unavailable for water supply purposes. 

During extended no-flow periods the dead storage level at Wilcannia is temporarily lowered.  This 
is achieved via temporary works to extend the suction pipework from the fixed raw water intake 
structure on the riverbank out to a floating pontoon pump system in the weirpool.  As reported in 
Council’s Drought Management Plan (Jan. 2019), the extended suction pipework system can draw 
the existing weirpool down to a level of 63.65 mAHD, which is 2m below the existing nominal weir 
crest level of 65.65 mAHD. 

The water security analysis has assumed that the lowered dead storage level is accurate and that 
similar temporary works would be reinstated in future, as required. 
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5.3 Storage Capacity Ratings 
Figure 5-1 shows the developed rating plots for total and accessible storage volume capacity for 
both the existing weirpool and the proposed new combined (additional + existing) weirpool. 

 

 
Figure 5-1:  Ratings for total and accessible weirpoo l storage volume capacity 

 

For further details and individual subdivision ratings, reference should be made to the 
supplementary background report entitled, “Wilcannia Weir – Weirpool Inundation Extents and 
Storage Ratings”, which is provided in Appendix C.  The report also includes the surface area 
ratings that were used to assess storage losses due to evaporation in the water security analysis. 

Table 5-1 summarises selected key storage volume capacity values from the developed ratings, 
rounded to the nearest 5ML. 

 

Table 5-1:  Weirpoo l storage volumes for various weir crest levels 

STORAGE 
VOLUME (ML) 

Existing 
Crest Level 

(65.65) 

0.5m 
Crest Level Increase 

(66.15) 

1m 
Crest Level Increase 

(66.65) 

Weirpool Total Accessible Total Accessible Total Accessible 

Existing 
(base case) 3,060 1,980 4,360 

(43%) 
3,285 
(66%) 

5,850 
(91%) 

4,770 
(141%) 

New Additional 510 
(17%) 

415 
(21%) 

635 
(21%) 

535 
(27%) 

760 
(25%) 

660 
(33%) 

Combined 3,570 
(17%) 

2,395 
(21%) 

4,995 
(63%) 

3,820 
(93%) 

6,610 
(116%) 

5,435 
(174%) 

Note:  Percentages given are increases with respect to the corresponding storage volume for the existing 
weirpool and crest level of 65.65mAHD. 
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The proposed new weir at Site A2 with a design crest full supply level (FSL) matched to the existing 
weir would add 415ML (0.42GL) or 21% to the existing total accessible storage capacity and 
produce a combined accessible weirpool storage of 2,395ML. 

A 0.5m increase in the design FSL for the combined weirpool would provide a further increase in 
accessible storage capacity of 1,425ML (3,820-2,395) or 59% compared to the combined weirpool 
at the existing crest level.  The total increase would be 1,840ML (3,820-1,980) or 93% relative to 
the existing weirpool. 

A 1m increase in the design FSL for the combined weirpool would provide a further increase in 
accessible storage capacity of 3,040ML (5,435-2,395) or 127% compared to the combined weirpool 
at the existing crest level.  The total increase would be 3,455ML (5,435-1,980) or 174% relative to 
the existing weirpool. 

For comparison, if an upgraded existing weir with a 0.5m or 1m increase in the design FSL were 
to be considered then the respective increases in total accessible storage capacity would be 
1,305ML (3,285-1,980) and 2,790ML (4,770-1,980) or 66% and 141% relative to the existing 
weirpool.  These increases are less than the comparable option of a 0.5m or 1m raised combined 
weir respectively by 535ML (3,820-3,285) and 665ML (5,435-4,770) or 27% (535/1980) and 33% 
(665/1980) relative to the existing weirpool. 

Recommendations 

▪ Confirmation of the dead storage level would provide a greater level of confidence as 
to the secure yield of the system. 

▪ The existing weirpool storage volume portions that are below the captured water levels 
in the digital terrain model (DTM) were unable to be undated for the current study and 
have been based on the 1987 Wilcannia Water Security Report (PWD, 1987).  The 
rating information in that report was based on apparently very limited survey 
information.  The 1987 data for Pool 1 and Pool 2 represents 59% of the total existing 
weirpool storage volume at the existing crest FSL. 

There is a high level of confidence in the accuracy of the revised storage volumes that 
are above the DTM water levels including for the proposed additional weirpool that is 
downstream of the existing weir.  The revised ratings fully cover the potential increased 
weirpool heights and extend down to 0.63m below existing weir crest level for Pool 2 
and to 0.74m below for Pool 1. 

Consideration could be given to obtaining bathymetric survey cross-sections for 
existing weirpool subdivisions, Pool 1 and Pool 2 to also provide a greater level of 
confidence as to the secure yield of the system. 

 

5.4 Figures 
This subsection contains the following insert: 

Figure 5-2:  Schematic of Weirpool Longitudinal Profile 
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6. Town Water Supply 
One of the key project objectives is for the Wilcannia Weir to provide for a safe and secure water 
supply for the township of Wilcannia. 

The town of Wilcannia is serviced by a dual reticulated water supply scheme delivering both potable 
and raw water.  During times of no flow in the river when the existing weirpool is too low or of poor 
raw water quality, water is sourced from two ground water bores constructed downstream of the 
existing weir.  Bore water cannot be used as the sole source of supply as the bore yields are not 
sufficient to supply the potable and non-potable water demands for the town. 

 

6.1 Water Security Analysis 
A secure town water supply is one where the secure yield of the headworks system exceeds the 
unrestricted dry year extraction requirements for the water supply. Secure yield is defined as the 
highest annual demand that can be supplied whilst meeting the 5/10/10 rule. This rule requires that 
restrictions should be in place for no more than 5% of the total time, restrictions should be in place 
in no more than ten years out of every 100 (10% of years) and restrictions should not require a 
reduction of more than 10% of the unrestricted dry year water demand.  The unrestricted dry year 
extraction requirements for Wilcannia are provided in Table 6-1.  

 

Table 6-1:  Unrestricted Dry  year extraction for the Wilcannia water supply (ML/year) 

Dry year extraction 2016 2017 2021 2026 2031 2036 2041 2046 2047 

Potable supply 172 173 178 183 186 190 194 198 198 

Non-potable supply 273 274 277 280 281 282 284 285 285 

Total dry year demand 445 447 455 463 467 472 478 483 483 

 

A secure yield analysis, undertaken as part of developing Council’s Integrated Water Cycle 
Management (IWCM) Strategy, found that the existing weir does not provide water security to 
Wilcannia.  The borefield supply has not been considered in this analysis as the reliability of supply 
from the bores during the critical drought is unknown. 

This analysis was extended to assess the water security implications of moving the weir to a new 
location, and to determine the height of the weir that would be required to provide water security to 
Wilcannia. Whilst the new weir is to be located downstream of the town, the water supply intake 
would not be moved from its current location. 

The storage ratings developed for the combined weirpool (additional + existing), including dead 
storage, were used for the secure yield modelling. The accessible volume of the combined weirpool 
has been outlined in Section 5, with the details provided in Appendix C. 

The secure yield was determined for the combined weirpool at the current FSL and for an increase 
of 0.5m and 1m, to determine what height would be required to provide water security. The secure 
yield analysis indicated the following: 

▪ The critical drought was the period from 31/12/1901 to 31/12/1902 during which there 
is no inflow to the weirpool. 

▪ Daily releases (as a percentage of inflow) when the weir is not spilling, had no impact 
on the secure yield as the critical drought corresponds to a period of no inflows. 
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▪ For the 0.5 m and 1.0 m increase in weir height, the secure yield is not constrained by 
the transfer capacity from the weir to the water treatment plant via the raw water intake. 

The results of the analysis are summarised in Table 6-2.  Further details are provided in Appendix 
D.  For the climate change scenario, the critical drought period was extended by 15 percent to 
about 14 months. 

 

Table 6-2:  Results of  the secure  yield analysis for the new combined weirpoo l 

Proposed weir Historic secure 
yield (ML/a) 

Secure Yield with 
1°C Climate 

Warming (ML/a) 

Weir crest same as existing weir 203 173 

Weir crest 0.5 m higher than existing weir 344 n/d* 

Weir crest 1.0 m higher than existing weir 636 587 
* n/d – the model could not determine any secure yield as for the critical run, the available stored water was less than 
the evaporation losses for the critical drought 

 

The secure yield for the weir with a crest 1 m higher than the existing weir, exceeds the unrestricted 
dry year extraction requirements by about 100 ML/a, and would provide water security for 
Wilcannia. 

From the community consultation that was conducted, there was anecdotal evidence agreed by 
stakeholders that small, highly saline inflows from upstream events during low flow periods are the 
primary source of water salinity in the weirpool. The consultation also indicated a very strong 
community desire to maximise weirpool storage capacity and flow release capability. 

As the bore water supply is only a contingency and not a reliable alternate source, water quality 
management in the weirpool is an important control measure to mitigate the risk of salinity.  As the 
assumed critical drought in the model is nearly 14 months of no inflow under a climate variability 
scenario, any small inflows into the weirpool could be released whilst it is not over-topped without 
affecting the secure yield.  

It would be reasonable to assume that, with a weir crest 1 m higher than the existing weir, most of 
the water in excess of the town demand could also be used for controlled releases from the weir. 
This is in addition to any small releases equivalent to small inflows. Any releases would need to be 
traded off with the need to maintain maximum volume in the pool to limit saline inflow impacts.  

Therefore, a weir crest that is 1 m higher than the existing weir crest would provide the following 
beneficial outcomes that will assist in water quality management when it is below the Full Supply 
Level (FSL): 

1. Capability to make small, controlled releases equivalent to small inflows. 

2. Capability to make additional managed releases of up to 100ML per annum, if required. 

3. Providing significant additional total storage volume in the weirpool relative to what is 
there now. 

 

6.2 Water Quality Risk Analysis 
An updated water quality risk assessment was completed for the Wilcannia water supply scheme 
utilising Council’s existing risk assessment (completed in 2012) as the basis.  This assessment 
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identified the risks resulting from hazards in the catchment, borefield, water treatment plant, service 
reservoir and the distribution system. 

The original risk assessment was re-assessed to review the likelihood and consequence of the 
hazards and assess the risks of any new hazards on the source water.  The Risk Assessment 
document is provided in Appendix E. 

The new location of the weir increases the likelihood of hazardous events such stormwater, 
sewerage system overflows and chemical spills impacting source water quality.  The treatment 
process train for the WTP has been identified as a key barrier to control many potential hazards in 
the source water.  

Council has been awarded State Government Funding for the construction of a new WTP at 
Wilcannia.  It is recommended that Council’s existing Drinking Water Management Plan be formally 
reviewed and updated in consideration of the new weir location and new WTP.  This should include 
a full review of the Hazard and Risk Assessment as part of the detailed design process for the new 
WTP to ensure that the preventative measures are effective in mitigating the risks. 

It will be critical that the new water treatment plant is designed to address the pathogen risk. 
Technical investigations and community education should also be considered to identify chemical 
storage risk locations and manage material spilt in town. 

There is also an existing risk of high salinity water in the weirpool mainly due to drought and 
prolonged periods of no or low flow.  The frequency of no flow events with a duration of more than 
two months (with a corresponding risk of increased salinity in the weirpool) has historically been in 
the order of once every 10 years on average.  The control measures for this hazard include 
upstream alerts, additional water quality monitoring and controlled releases when saline inflows 
arrive.  The significantly increased volume of the new weirpool is also expected to reduce the 
impact. 

The bore water could also be used as an alternate source to be blended with water from the 
weirpool to reduce its salinity.  It is understood that the bores are considered to be alluvial with a 
potential hydraulic connectivity to the river, however the water bearing zones of the bores are about 
35 to 50m deep and the extent of the hydraulic connectivity may be reduced at this depth. 

Notwithstanding the above, active management of water quality in the weirpool has the potential to 
further reduce the risk of adverse impacts on the bores due to high salinity events in the weirpool. 
A hydrogeological investigation should be considered to better understand the potential for the 
weirpool to interact with the groundwater and the need to actively manage supply risk due to salinity 
in the weirpool. 
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7. Weir Type Options - Fixed Crest or Modulating 
7.1 General 
A comparison of weir type options has been undertaken to assess the advantages and 
disadvantages of each, and to make recommendations of the most suitable weir type given the 
design requirements for a new or refurbished Wilcannia Weir. 

By definition, a weir is a raised wall structure constructed across a river to raise the water level in 
the river, and to regulate and change the river water flow characteristics.  Weirs act like miniature 
dams, blocking the flow of water, and causing it to pool behind until it is deep enough to flow over 
the top of the weir. 

The main types of weirs can be classified under the following two structure categories: 

▪ Fixed crest weirs, such as: 

 Earthfill clay core with rock protection; 

 Concrete; 

 Sheet pile with rockfill. 

▪ Gated weirs, such as: 

 Fully gated (multiple gates extending across the width of the river); 

 Partially gated (fixed crest portion combined with a gated outlet). 

The partially gated weir was referred to as a “combination type weir” in the weir type options 
summary paper presented in Appendix F. 

The partially gated type weir option, was included to cover the anticipated most likely preferred weir 
type for Wilcannia at this stage of the project based on an apparent best fit for the project and 
purpose.  The gated component would be aimed at water quality management of the weirpool 
during no or low flow periods when the water level is drawn down below the weir crest and in 
response to poor water quality inflows. 

 

7.2 Fixed Crest vs Gated Weir 
Both fixed crest and modulating weirs are used widely as hydraulic control structures for water 
supply and river operation purposes.  A fixed crest weir would usually be targeted at achieving a 
fixed weirpool storage capacity and when there is no requirement for regulation of flows 
downstream or to control the weirpool level. 

Weir gates are mechanically movable devices that are used to regulate flow releases from the 
weirpool and/or to control weirpool levels, which may be performed simultaneously.  Traditionally, 
undershot gates – that is, the flow passes under the gate were typically used.  However, in more 
recent times, overshot gates – where the flow pass over the top of a lowered gate are increasing 
common.  This is due to simplicity of operation and significantly improved passage of downstream 
moving fish, eggs and larvae, and the clearance of debris. 

The next two subsections summarise the advantages and disadvantages of fixed crest and gated 
weir types. 

 

7.3 Fixed Crest 
The advantages and disadvantages of fixed crest weir structures is summarised in Table 7-1. 
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Table 7-1:  Advantages and disadvantages of  fixed crest weir struc tures 

Advantages Disadvantages 

▪ Very low operational input requirements. ▪ Weirpool level unable to be adjusted independent 
of river inflow to the weirpool. 

▪ Low maintenance requirements. ▪ Unable to control discharge releases downstream 

▪ Less susceptible to unauthorised weirpool 
level adjustment and/or vandalism 

▪ Greater flood passage obstruction than gated 
weirs 

▪ Upstream storage capacity is fixed. ▪ Higher headloss 

 

 

7.4 Gated Weir 
The advantages and disadvantages of fully/partially gated weir structures is summarised in  Table 
7-2. 

 

Table 7-2:  Advantaged and disadvantages of  gated weir struc tures 

Advantages Disadvantages 

▪ Excellent water level control ▪ More expensive  

▪ Good flood passage (fully gated structure) ▪ Most gate installation require power or hydraulic 
operation due to gate size 

▪ Potential for water quality control ▪ Higher operation and maintenance requirements 

▪ Potential for managed release of 
environmental flows ▪ Significantly more complex 

 

At Wilcannia, the proposed weir would be substantially overtopped during times of major floods.  
Consequently, if gated outlet provisions are to be provided then this may preclude any significant 
overhead walkway or operating platform that could otherwise be damaged unless at a very high 
level.  Alternatively, operation of any gates could be via hydraulic or portable actuators rather than 
electrical means.  Infrequent gate operation, such as only during times of drought, would be well 
suited to the use of portable actuators subject to the location and availability of trained operator 
personnel.  Automated or remotely operated gates would require communications and availability 
of electrical power supply.  One arrangement could be to provide electrical power supply to a control 
building located on top of the western (high) river bank and from there a hydraulic motor could 
generate hydraulic fluid pressure along lines running to gate hydraulic actuators.  Monitoring and 
control may then be via either manual/local means or a suitable data connection. 

 

7.5 Fully Gated versus Partially Gated 
Fully gated weir structures are typically provided when flood passage and the discharge of large 
flows are a main design requirement.  A fully gated weir structure can minimise the extent of 
waterway area obstruction compared to that of either a fixed crest or partially gated weir.  
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Accordingly, a fully gated weir is more flexible in ensuring that potential upstream impacts are 
minimised by limiting any increase in upstream flood levels. 

Since the assessed weir drown-out flow and flow at which afflux is reduced to <50mm are both well 
below the top of low river bank level there is no justification for a fully gated structure specifically to 
allow the passage of flood flows at Wilcannia.  (Refer to Appendix C for further details.) 

Community consultation and discussions with DoI have not identified a need for the provision of a 
regulated weirpool storage to be superimposed on top of drought security storage requirements, 
such as for the release of managed environmental flow events. 

Considering the above, a fully gated weir option has not been pursued nor has a regulated weirpool 
storage been catered for. 

The community did identify the need for some form of gated outlet for the purposes of weirpool 
water quality management via surface and bed level weirpool draw off arrangements.  Infrequent 
operation, such as only during times of drought, would be well suited to the use of portable 
actuators, subject to the location and availability of operator personnel.  A partially gated structure 
is more in accordance with current expectations and requirements and is preferred over a fully 
gated structure, which is unnecessary. 

 

7.6 Preferred Type of Weir 
The study undertaken suggested that a fixed crest type weir is more economical to construct 
compared to a gated weir, as could be anticipated.  However, there is a community expectation 
that some form of gated provisions would need to be incorporated into the weir for the purpose of 
water quality management - during no or low flow periods when the water level is drawn down 
below the weir crest level and in response to poor water quality inflows.  As mentioned above, 
these provisions are understood to be required to allow for the draw-off of stored water from both 
surface level and bed level. 

In relation to the type of gates, vertical (undershot) gates are generally unacceptable in terms of 
downstream mortality of fish passing under the gates.  Consequently, surface water draw-off could 
be served by the provision of at least one overshot type gate, whether a tilting type or a vertically 
lowering type. 

The overshot gate(s) may be installed within a concrete section comprising a base slab and piers 
between which the gate(s) would sit. 

Bottom draw-off could be achieved via a scour outlet system that may consisting of: 

▪ 1m (say) diameter pipe; 

▪ Intake structure;  

▪ Screen structure; 

▪ Control gate; 

▪ Outlet discharge structure. 

Depending on requirements it may be possible to combine both the functions of surface and bed 
level draw-off within the scour pipe outlet system. 

Subsequently at this stage, it is anticipated that a combination (partially gated) fixed crest weir type 
structure is the most applicable for Wilcannia based on a best fit for the project and purpose. 

Importantly, the need to provide gates would impact the arrangement of the weir structure. 
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8. Overall Recommendations 
The additional studies that have been completed have generally all provided recommendations 
that have been summarised within the relevant sections of the report.  Based on these additional 
studies, the overall preferred option for a new Wilcannia Weir is outlined below: 

▪ Decommission and remove the existing weir; 

▪ Construct a new fixed crest weir at Site A2, identified in the Business Case and 
confirmed by this addendum, noting that the community has broadly agreed for Site A2 
to be the final preferred weir location; 

▪ Provide a 1m increased crest level for the proposed new weir compared to the existing 
weir; 

▪ Include gated outlet provisions such as an overshot gate and a pipe outlet structure for 
the purpose of weirpool water quality management; 

▪ A hydrogeological investigation should be considered to better understand the potential 
for the weirpool to interact with the groundwater.  This investigation would be used to 
inform the detailed design and the need to actively manage supply risk due to salinity 
in the weirpool; 

▪ Form and maintain a Wilcannia Weir Working Group, to ensure ongoing, meaningful 
and representative consultations for the duration of the project. 
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9. Cost Estimates 
9.1 Repair of Existing Weir 
An initial high level assessment of the feasibility and preliminary cost of repairing the existing weir 
was included in Appendix A of the Jacobs (2016) scoping study.  The reported costs are 
summarised as follows: 

▪ Weir repairs $1,176,900 + 50% contingency =  $1,765,350 

▪ Project non-construction intangible (NCI) costs (30%) =  $529,605 

▪ Total repair cost (2016) =  $2,295,000 excl. GST. 

The estimate was based on short-term repair of the existing weir and did not appear to include 
costings for: 

▪ temporary cofferdams, dewatering and flood protection; 

▪ concrete capping of new sections of steel sheet piling; 

▪ gated outlet provisions for weirpool water quality management (upgrade requirement); 

▪ construction of a new fishway (almost certainly required whether weir is repaired or 
upgraded); 

▪ concept and detailed design activities for fishway and gate provisions; 

▪ environmental assessment and approvals; 

▪ contract administration and supervision. 

Installation of steel sheet piling only catered for a length a 22m (assuming 6m long piles), to replace 
existing timber sheet piling at the abutments. 

Considering that a key finding of this addendum is the existing weir is approaching the end of 
effective design life, it would be difficult to justify construction of a new fishway, at significant 
additional cost ($4.14M, including 50% contingency), adjacent to a weir with a very limited 
remaining functional life - despite repairs, which would still not meet water security and operational 
requirements.  Significant additional cost would be required to bring the design life of the existing 
weir in line with that of a potential new fishway that would be required as part of the works. 

Furthermore, there are benefits associated with the construction of a new weir at a downstream 
site to consider (greater storage and water security, amenity of weir pool extending though entire 
town, etc.) that makes the case for repair or replacement of the existing weir and provision of new 
fishway at the existing weir site difficult to recommend. 

The above costings were based on a weir crest level of 65.65mAHD, matched to the existing weir.  
The current recommendation to raise the weir by 1m, would further add to estimated costs including 
an increase in the cost of the fishway by $1.8M, including 50% contingency. 

Note that the use of 50% contingency is consistent with that used in the scoping study and business 
case cost estimates and reflects the feasibility stage of the project. 

9.2 Weir Replacement 
The Jacobs (2016) scoping study provided costings for replacement of the existing weir with a new 
weir located at a downstream site.  The costs for a replacement weir at downstream Site B inclusive 
of a fishway were reported as: 

▪ New Site B weir & fishway $7,045,000 with 50% contingency =  $10,568,000 

▪ Project NCI costs =   $2,962,00 

▪ General project contingency (5%) =  $677,000 
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▪ Total replacement cost at Site B (2016) =  $14,207,000 excl. GST. 

The above option was referred to as Option 3 in the scoping study and was selected as the 
preferred option via a subjective multi-criteria assessment (MCA), overcoming the alternative of a 
replacement weir at the existing weir site. 

Option 3 was refined during the scoping study to take account of community input at the time and 
feedback during the MCA process with the outcome being a change in the preferred downstream 
site from Site B to Site A2.  Site A2 was considered to have improved access and proximity to town 
and reduced risk of disturbance to aboriginal cultural heritage sites located close to Site B.  This 
change in preferred downstream site is consistence with the community consultation process and 
recommendations for the current addendum report. 

Accordingly, Site A2 was used as the basis for further development of more detailed costings for 
the scoping study and the business case.  At the same time the anticipated new weir type, being a 
fixed crest weir, was also refined and is generally similar to the weir type and arrangement that is 
currently envisaged of a fixed crest steel sheet pile weir with a scour outlet but without the additional 
of a surface draw-off gate. 

The weir was assumed to have a crest level of 65.65mAHD, a height of 3.2m and an assumed 
crest length of 35m and a fishway based on an assumed max diff head of 2.7m.  Despite the change 
in site the above assumptions remained based on Site B, hence costs could be expected to be 
slightly higher than those reported.  It is estimated that the height of a weir at Site A2 would be 
0.5m higher and with a crest length 8m longer than at Site B.  The reported costs for Site A2 are 
as follows: 

▪ New Site A2 weir & fishway $7,248,000 with 50% contingency =  $10,872,000 

▪ Project NCI costs =  $3,047,000 

▪ General project contingency (5%) =  $696,000 

▪ Total replacement cost at Site B (2016) =  $14,615,000 excl. GST. 

 

9.3 Impact of Weir Type Options 
The study undertaken suggested that a fixed crest type weir is more economical to construct 
compared to a gated weir, as could be anticipated.  However, there is a community expectation 
that some form of gated provisions would need to be incorporated into the weir for the purpose of 
water quality management. 

Gated outlet provisions, whether limited to a scour outlet pipe only or in conjunction with a gated 
outlet provision, will add both capital and ongoing costs that are dependent on discharge capacity, 
weirpool levels and other design requirements. 

On a relative cost basis, the need to provide gates could potentially have a significant impact on 
the type and arrangement of the weir structure and invariably the overall estimated cost.  The range 
of costs is highly dependent on requirements that have not been clearly defined at this stage. 

 

9.4 Summary view 
In relation to the costs put forward in the various studies it is important to note that the project is at 
feasibility stage and no structure arrangements or layout drawings have been prepared or are 
available.  This has resulted in a relative degree of inconsistency between some cost estimates.  
However, for the recommended option an overall project budget cost in the order of $15M, as 
identified in the original business case, is considered to be of the right order and sufficient to cover 
reasonable budget expectations. 
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As identified below at Items 1 to 5 in Section 10, the focus of the next steps will be to undertaken 
field investigations and to develop a concept design for the proposed weir and fishway to allow an 
firm cost estimate to be developed with a reasonable degree of confidence. 

 

 

 



 Wilcannia Weir Upgrade 
  

 Addendum to Bu siness Case 
 

Hunter New England | South Coast | Riverina Western | North Coast | Sydney  Report No. ISR19093 
Asset Advisory | Heritage | Project + Program Management | Assurance | Procurement | Engineering | Planning | Sustainability 
Developments | Buildings | Water Infrastructure | Roads + Bridges | Coastal | Waste | Emergency Management | Surveying  28 

10. Next Steps 
This section briefly identifies the key milestones, timeframes and other issues for the delivery of a 
proposed new weir and associated fish passage provisions at the preferred Site A2, which is 
located approximately 5.25km downstream of the existing Wilcannia Weir. 

The actual sequence of activities and tasks may vary depending on project design requirements 
and in response to the findings of ongoing technical investigations and the environmental impact 
assessment.  The approach taken may be influenced by the availability of information, required 
degree of reliability and robustness of feasibility/concept studies and to a lesser extent, any budget 
constraints. 

It is anticipated that a timeframe of up to two (2) years is required to progress the project from the 
current stage to the calling of tenders for construction. 

The timeframe is subject to the findings of the investigations and environmental approval 
processes, and where circumstances allow could be streamlined.  However, for this type of project, 
it is unlikely that the timeframe could be condensed to less than 18 months.  Continuity of the 
design team across all project design phases will minimise delays and rework, and maximise the 
achievement of project objectives. 

Environmental studies could progress once a preliminary concept layout has been prepared. 

As recommended, the partial or complete removal of the existing weir will be required to: 

▪ ensure that the existing and new additional weirpool portions are effectively combined 
and that stored water is accessible to the existing raw water intake; and 

▪ mitigate the fish passage barrier that the existing weir represents by restoring fish 
passage stream connectivity at the site. 

 

The items below provide an indicative summary of the main milestones, tasks and durations. 

1. Weir Investigations and Concept Design (4 months): 

▪ Geotechnical investigation and model; 

▪ Site survey including bathymetry; 

▪ Hydrogeological investigation of borefield and weirpool interaction; 

▪ Confirmation of design criteria and functionality including for gated outlet provisions; 

▪ River and weir structure hydraulic assessments; 

▪ Basic structural assessments; 

▪ Preliminary layout. 

2. Fish Passage Concept Design (complete 2 months after Item 1): 

▪ Liaison with DoI Fisheries to confirm requirements; 

▪ Fish biology and migration ecology assessments to assist development of fishway 
hydraulic design criteria and operational flow ranges; 

▪ Hydrology assessments; 

▪ Confirmation of preferred fishway type; 

▪ Initial fishway structure internal hydraulic design; 

▪ Agreement on target fish passage performance; 

▪ River/weir hydraulic assessments for fishway entrance and fish attraction; 
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▪ Preliminary detailed fishway hydraulic design; 

▪ Development of preliminary fishway layout integrated into weir. 

3. Concept Cost Estimate (2 weeks), with emphasis on cost and availability of quality rock with 
the required grading. 

4. Concept Design Report including review (8 weeks). 

5. Environmental studies (3 months): 

▪ Review of Environmental Factors (REF) including stakeholder consultation 
(Government agencies and Local Aboriginal Land Council); 

▪ Supporting studies: 

 Aboriginal cultural heritage due diligence; 

 Aquatic ecology; 

 Flora and fauna; 

 Hydrology and flood assessment outcomes; 

▪ Impact assessment of new weirpool on existing bore water quality (4 weeks). 

6. Environmental Approvals (6 months, potentially additional to Item 5): 

▪ Fisheries Management Act - upstream and downstream fish passage; 

▪ Water Management Act - impact on upstream & downstream water users: 

 water access licences; 

 water supply works approval; 

 water use approval; 

▪ Potential aboriginal heritage impact permit (AHIP) along with supporting aboriginal 
cultural heritage assessment (ACHA); 

▪ Post REF approvals including carry forward of some aspects for input and completion 
by construction contractor. 

7. Further Concept Development (if required, 1 month). 

8. Detailed Design and Documentation (6 months, dependent on preferred fishway type) 
comprising: 

▪ General Conditions of Contract (GC21 assumed); 

▪ Conditions of Tendering; 

▪ Tender Form and Schedules; 

▪ Preliminaries; 

▪ Contract Information; 

▪ Technical specification and drawings. 

9. Detailed Design Reporting (progressive). 

10. Review 50% and 85% design stages (6 weeks total). 

11. Call Tenders (7 weeks). 

12. Review Tenders & Recommendation (3 weeks). 

13. Obtain Approval to Award (1 month). 
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14. Award Contract. 

15. Construction (10 months). 

16. Post Construction Defects Liability Period (12 months). 

 

Project procurement as detailed design followed by construct only is anticipated as being the most 
appropriate for this type of project.  This is consistent with expectations expressed previously in the 
Business Case. 

 

Other Issues 

The following additional matters are anticipated to require consideration during the undertaking of 
the above indicative scope of work: 

▪ On-going community engagement and consultation; 

▪ Work Health & Safety (WHS) requirements (both Commonwealth and NSW); 

▪ Land matters; 

▪ Weir ownership issues; 

▪ Impacts on established government agency river gauging stations; 

▪ Flood related investigation depending on site/surrounds sensitivity to increases in 
upstream water levels and agency requirements (key assessments have been 
completed within this addendum); and 

▪ Potential development of site visitation facilities, for public access and tourism related 
benefits, such as: 

 upgraded access road and directional signage; 

 parking facilities inclusive of provisions for vehicles with caravans (not overnight); 

 interpretive signage. 

DoI Water has engaged Water NSW to construct a new river gauging station that will require 
recalibration against the existing gauge, which will become subjected to weirpool inundation once 
the new downstream weir is commissioned.  It is understood that the existing gauge is considered 
to be an extremely important site to a number of agencies, and it will be critical that there is sufficient 
time available to complete calibration measures for the new gauge against the existing.  Water 
NSW has indicated that this should be a minimum of at least three years, dependant on the 
occurrence of a suitable range of river flow conditions. 
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Glossary 

Term Definition 

Differential head (H): Difference between water surface levels upstream and downstream of a 
hydraulic structure. 

Left and Right: Reference to left and right is with respect to the view in the downstream 
direction, in accordance with industry practice. 

Percentile: Term used to indicate thresholds or boundary values in frequency 
distributions.  For example, the 95th percentile is that value which marks off 
the lowest 95 percent of observations from the rest and exceeds all but 5 
percent of the values; the 50th percentile is the same as the median value 
(i.e. middle value in a ranked list of all values). 
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Abbreviations and Notations 
H ...................... structure differential head 
≈ or ~ .................. approximately equal to 
AEP .................... annual exceedance probability 
AHD / mAHD ...... Australian Height Datum (in metres) 
ARI ..................... average recurrence interval 
Ch or CH ............ chainage, or channel 
CTF .................... cease-to-flow; or commence-to-flow 
DEM / DTM ........ digital elevation model / digital terrain model 
dia. ..................... diameter 
DoI ..................... Department of Industry 
DoI Fisheries ......  Division, Department of Industry 
DoI Water ........... Water Division, Department of Industry 
Drg. .................... drawing 
D/S or d/s ........... downstream 
FSL .................... full supply level 
FW ..................... fishway 
GA ...................... general arrangement 
GL ...................... gigalitres (1 x 109 L) 
HWL ................... headwater level (upper pool or storage level) 
L/s ...................... litres per second 
ML/day or ML/d .. megalitres (1 x 106 L) per day 
m3/s .................... cubic metres per second 
No. ..................... number 
nom. ................... nominal 
NS / NSL ............ natural surface / natural surface level 
NSW ................... State of New South Wales 
Q ........................ flowrate (or discharge) 
RL ...................... reduced level 
T.O. .................... top of 
TWL ................... tailwater level 
typ. ..................... typical 
U/S or u/s ........... upstream 
WL / WSL ........... water level / water surface level 
Lwc ...................... Lane’s weighted-creep length 
SPem.l .................. Sheet pile embedment length 
He ..................... Effective differential head 
WLcr .................... Lane’s weighted-creep ratio 
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1. Introduction 
1.1 Purpose of Investigation 
The purpose of this investigation is to provide an assessment of the existing Wilcannia Weir’s 
structural integrity and condition.  This will supplement the high-level assessment of the feasibility 
and cost of upgrading of the weir as detailed in the Wilcannia Weir Scoping Study (Jacobs, 
2016). 

A revised cost estimate for existing weir refurbishment/upgrade is also provided. 

 

1.2 Background 
Wilcannia Weir on the Darling River creates an in-stream weirpool storage that serves as the 
main source of town water supply for Wilcannia.  The weir supply is supplemented by a reserve 
water supply provided by an existing and limited alluvial groundwater bore system.  Refer to 
Figure 1-1 for an overview photo and Figure 1-2 for a locality plan of the existing Wilcannia Weir.  

The existing weir is over 70-years old and is substantially deteriorated.  This has resulted in 
difficulty maintaining the weir full supply level (FSL) during drought periods.  Accordingly, 
extensive weir refurbishment works would be required. 

As an alternative, construction of a new replacement weir is currently being considered at either 
the existing weir site or at one of a number of potential new weir sites located downstream, 
beyond the Barrier Highway bridge.  A new weir located downstream has the potential to deliver 
additional benefits. 

 

 
Figu re 1-1  Wilcannia Weir  from the right b ank (looking South -West and do wnstrea m) 
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Figu re 1-2  Loc alit y plan of  Wilcannia  and Exi stin g Weir  
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2. Weir Structure and Design 
2.1 History and General Description 
The existing weir was originally constructed in 1942 with major refurbishment works carried out in 
1987.  The weir is a fixed crest steel sheet-pile structure up to about 3.5m high with a 43m long 
main crest.  The existing nominal weir crest level is RL65.65mAHD. 

The historical staging of works and the respective main weir elements are comprised as follows: 

(A) Origin al Weir  
▪ an impervious clay earthfill embankment core; 

▪ a central line of steel sheet piling with concrete capping, serving as the main provision 
for under-seepage control in conjunction with the clay core; 

▪ Timber piling at each bank abutment; 

▪ stepped timber crib work on the downstream side filled with stone and anchored at 
each step with additional timber piling; and 

▪ rockfill sour protection. 

(B) Refurbis hed Weir (ad ditio nal  works)  
▪ concrete cap and main crest raising; 

▪ extension of concrete cap on left abutment and addition of ‘wing walls’ (0.3m raisings) 
on both abutments; 

▪ restoration of adjacent riverbank and bed areas due to scouring; and 

▪ placement of rockfill to reform upstream and downstream embankment batter faces. 

Extracted weir elevation and cross section drawings from the 1987 refurbishment works are 
shown in Figure 2-1 and Figure 2-2, respectively. Available selected drawings of the existing weir 
are provided in Appendix C.  

 

 
Figu re 2-1 Weir Secti onal Elevat ion (view  d/s) 
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Figu re 2-2 Weir Cross Secti on 

3. Central Darling Shire Council Survey 
A recent survey was undertaken by Central Darling Shire Council. The following levels from this 
survey are noted: 

▪ Upstream riverbed low point @ raw water pumping station intake:  62.15mAHD; 

▪ Main Weir Crest level @: 

 Left side:     65.68mAHD; 

 Centre:     65.71mAHD; 

 Right side:     65.76mAHD. 

▪ Main Weir Crest length:   34.29m 

▪ Left concrete abutment level:  66.02mAHD; 

▪ Left concrete abutment length:  6.47m; 

▪ Right concrete abutment level:  66.05mAHD; 

▪ Right concrete abutment length:  6.06m. 

To maintain consistency with the existing reports and to avoid confusion, a nominal main crest 
level of 65.65mAHD has been adopted. 

It is noted that, according to the available LiDAR information, the downstream river bed level 
(downstream of the scour hole) is 63.15mAHD. This would indicate that the upstream river bed 
level is lower than the downstream level by about 1m. 

It is unclear if the surveyed level at the raw water intake is representative of the river bed level 
closer to the weir. It is possible this low point was intentionally excavated out to create a suitable 
draw-off point for the intake pontoon. Another possibility is this low point has formed gradually 
from the pump intake drawing-in sediments over time.  

Therefore, the calculated upstream and downstream weir height is 3.5m and 2.5m, respectively. 
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4. Weir Inspection 
It is normal practice to use divers in weir condition assessments.  The use of divers provides 
more information on the condition of the underwater components of the existing weir and the river 
channel.  In the absence of divers, we would typically aim to obtain depth soundings both 
upstream and downstream of the existing weir to assess potential scour and sedimentation 
issues.  Notwithstanding these points, it was agreed with DoI Water that the overall project 
objective did not justify the additional time and cost of the use of divers or a boat to access the 
weir to undertake soundings.  It should also be noted that diver inspections and/or depth 
soundings are typically more critical for concrete structures with no downstream scour cut-off 
provisions. 

The weir was inspected on 5th December 2018 by Heath Robinson (PWA) and Tony Perusco 
(PWA), accompanied by a Darren Scottie (Central Darling Shire Council). 

 

4.1 Weir in General 
Access to existing Wilcannia Weir site is as follows: 

▪ Right Abutment:  Access is from either the eastern end of Field Street or from the 
south-western end of Bonney Street, which provides for closer vehicle access; 

▪ Left Abutment: Access is by a track that is about 640m long, generally through the 
Victory Park Caravan Park, which is located off the Barrier Highway about 300m to 
the east of the bridge over the Darling River. 

For this site inspection the weir was accessed via Bonney St. Walking down the right-side river 
bank to the weir requires considerable care as the bank is steep and loose soil/sediment poses a 
slip hazard.  

The weir comprises a concrete main crest, with concrete abutments and timber piling on both 
sides that run into the banks. Rockfill upstream and downstream is intended to provide scour 
protection. 

The concrete abutments were originally connected to the timber piling on both sides. The left 
bank connection is currently buried under rock/sediment build-up, with the remnants of the timber 
boards seen protruding from the bank (Photo B-22). The right bank connection has a 1.25m 
gap/breach between concrete capping and timber piling, and was intentionally constructed as 
such to allow for the planned construction of a fishway (Photo B-21). During the 1987 
refurbishment works, this opening had been used as part of the diversion channel and, following 
completion of the works, was temporarily sealed with a timber pile. This temporary timber pile has 
since collapsed, and as a result, the effective FSL of the weir pool is estimated to be roughly 
0.3m below the intended nominal RL 65.65mAHD. 

Water was not flowing over the weir at the time of inspection. The upstream and downstream 
water levels were about 0.8m and 2.5m below the weir crest level, respectively. 

A raw water pumping station intake pipe is located on the right bank about 80m upstream of the 
weir (Photo B-25). The recent survey indicates the river bed low point at the intake is 
62.15mAHD. The existing river gauging station no. 421 is located about 700m downstream of the 
existing weir crest. 

A tributary drains into the Darling River on the right bank about 25m downstream of the weir. The 
River widens from nominally 45m wide at the weir to about 70m at the tributary, before 
constricting back to a nominal 45m width.  

There are no mechanical or electrical components associated with the existing weir. 

Relevant site inspection photos are provided in Appendix B. 
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4.2 Left Abutment and Riverbank 
The left abutment is on the inside of the upstream river bend. Most of the left side timber piling 
could not be seen as it is currently below the bank profile. It is likely to be in similar condition to 
the right bank timber piling (refer to Section 4.4).  

The only visible portion of timber piling on this abutment is a single severely deteriorated board 
protruding from the bank 50 to 100mm (Photo B-22). 

It appears several large rocks have been placed at and around the abutment to mitigate erosion 
potential. These rocks are present in a historic 1991 photo of the weir (Photo B-27). 

A large dead tree was present on the left river bank a few metres upstream of the abutment. This 
has potential to cause local eddies at the weir abutment and exacerbate scour. 

A fish trap in the rockfill was observed near the downstream left bank (Photo B-26). Constructed 
by a member of the indigenous community, the trap was created by moving smaller rocks to form 
a depression. This type of trap is reported to be highly effective during times of higher river flows.  

4.3 Crest and Main Cut-off Wall 
The concrete capping is in moderate condition. The upstream and top concrete faces exhibit 
some wear with exposed aggregate (Photo B-16). There is a large shrinkage crack near the 
centre of the crest (Photo B-17). The crest alignment exhibits a slight ‘bulge’ in the downstream 
direction near the left bank crest step (visible in Photo B-8). It is unknown whether the 
piling/capping was originally constructed this way or the bulge has manifested over time. 

There was no sheet piling visible at the time of inspection. It is envisaged that the concrete pile 
capping is still intact over the entire length of the sheet piling. No comment can be made on the 
extent of corrosion of the sheet pile, however in accordance with Table 6.5.3 of AS 2159 the 
corrosion extent can be estimated. For a ‘Moderate’ exposure classification, steel sheet piling 
installed in 1941 has the potential for 1.5 to 3.1mm of uniform corrosion. 

Slow seepage was observed downstream of the weir, 11.5m to the right side of the main crest 
step (when looking d/s) (Photo B-23 and Photo B-24).  

4.4 Right Abutment and Riverbank 
The right bank timber piling is in poor condition. Several timber boards have rotted away and/or 
been dislodged and washed downstream. Consequently, there as several gaps in the timber 
structure, notwithstanding the gap/breach adjacent to the concrete capping. Refer to Photo B-18, 
Photo B-19 and Photo B-20. 

Access down the right-side river bank to the weir presents a WHS hazard. There are no formal 
access provisions, and the natural bank slope is steep.  There is significant erosion high on the 
bank immediately upstream and downstream of the weir. Several tree roots are exposed and 
protrude from the ground.   

4.5 Upstream Rockfill Scour Protection 
The 1987 remediation works drawings show an upstream rockfill protection profile of 1V:3H. 
Typical sizes of rock range between 0.15m and 0.6m (along the largest dimension).  

The distance from crest level to top of upstream rockfill protection varies along the length of the 
weir between about 0.3 and 0.6m. This may indicate undersized upstream rock that has shifted 
during periods of high flows, as the rock protection is likely to have been initially placed 
approximately level along the crest at the time of the remediation works. There is significant 
sediment build-up in the rockfill voids, particularly at the banks. Refer to Photo B-9 and Photo 
B-10. 
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4.6 Downstream Rockfill Scour Protection 
The 1987 remediation works drawings show a downstream rockfill protection profile of 1V:4H 
Downstream rock is much larger than upstream rock in size, typically in the order of 0.4 to 0.9m 
(along the largest dimension) (Photo B-11). A significant proportion of rock is within the 0.1 to 
0.4m range.  

The top of downstream rockfill is generally at or just below the weir crest level, with two notable 
exceptions at localised scour holes. These are located near the right-hand side crest step and are 
1.2 and 1.6m deep (Photo B-12 and Photo B-13). Similar to the upstream rock protection, these 
scour holes may be indicative of undersized rock. It is also possible the right-hand side abutment 
breach causes turbulence/eddies that exacerbate scour potential. 

The original timber cribwork present underneath the rockfill could not be seen, except for couple 
of dilapidated vertical timber piles (Photo B-14). 

There is a large scour hole on the downstream side of the weir, evident by the ponded water. An 
accurate depth of this scour hole is not known, but it thought to be at least 1m deep. 

5. Overall Weir Condition Assessment 
The weir is nearing the end of its design life. Issues noted with the current condition of the weir 
include: 

▪ Erosion on the right bank abutment and immediately upstream and downstream of 
the abutment; 

▪ Dilapidated timber piling at the right abutment, and the assumed similar condition of 
the buried timber piling at the left abutment; 

▪ Inability to maintain intended weir pool level of 65.65mAHD due to gap/breach in 
concrete cap and timber piling at the right abutment; 

▪ Loss of upstream and downstream rockfill; 

▪ Moderate wear on upstream concrete capping face, characterised by exposed 
aggregate, and loss of fines and cementitious material near the concrete surface; 

▪ Potential for corrosion of sheet pile cut-off; 

▪ Large scour hole downstream of weir; 

▪ Seepage observed at one location, with potential for seepage to be occurring, or to 
develop in the near future, at other locations; 

▪ No formal access provisions. 
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6. Structural Investigation 
No recent geotechnical information of the weir foundation is available. The 1941 design drawings 
show three (3) boreholes at the weir cross section; one (1) on the left bank and two (2) on the 
right (refer to Appendix Drawing C-1). All three boreholes show clay material to a depth of 8’ 
(~2.44m). From this limited information, the foundations of the weir have been assumed to be a 
clay overlain with alluvials. 

A sketch of the existing weir is shown in Figure 6-1, based on the available design and WAE 
drawings (refer to Appendix Drawing C-2 and Appendix Drawing C-3). 

It would appear the intended steel sheet piling depth was 57.0mAHD. This would yield an 
embedment depth of about 4.3m at the thalweg, and is in-line with the calculated minimum sheet 
piling embedment (refer to Section 6.1). However, it seems that during sheet pile driving pockets 
of gravel or a hard rock layer were encountered and the intended piling depth was not achieved 
for the majority of the weir.   

 
Figu re 6-1  Sketc h of  existi ng w eir s how ing approx imate sheet p ilin g prof ile  (view d/s) 

6.1 Lane’s Weighted-Creep Ratio 
Lane’s weighted-creep theory has been applied to the existing weir and 1m raised weir to assess 
the required depth of sheet piling. 

For soft clay foundations, a ratio of 3.0 is acceptable (Lane, 1934). Using this value as a guide, a 
depth of sheet piling can be calculated. 

Weighted-creep length (excludes upstream clay earthfill embankment): 

Lwc  = 2 x SPem.l  

Effective head: 

 ΔHe = FSL - D/S bed level 

  = 65.65 - 63.15 

  = 2.5m 

Lane’s weighted-creep ratio: 

 WLcr  = Lwc / ΔHe = 3.0 

The acceptable sheetpile embedment length can be calculated as follows: 

 SPem.l  = (WLcr x ΔHe) / 2 

  = (3.0 x 2.5) / 2 

  = 3.75m (say 4m) 
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The above methodology has also been applied to a 1m weir raising. For completeness, additional 
calculations that include the upstream clay earthfill embankment in the weighted length 
component have also been completed. Results are shown in Table 6-1. 

Table 6-1: Calcu lated minim um acceptable  sheet p ile  embedment dept hs 

Weir Crest Level U/S clay earthfill 
embankment excluded 

U/S clay earthfill 
embankment included 

65.65mAHD (existing) 4.0m 2.5m 

66.65mAHD (+1m raising) 5.5m 4.0m 

Note: Embedment depths are rounded up to nearest half metre. 

For the purpose of estimating sheet piling costs, the embedment depth of piling has been taken 
as 6.0m. This satisfies the depth requirements for all scenarios in Table 6-1. It also satisfies the 
general stability rule-of-thumb that a minimum of two-thirds the total sheet pile length should be 
embedded in-ground (satisfied for a 3m high weir). 

6.2 WHS considerations 
The WHS provisions for access at the existing weir site are lacking. Historically the current 
arrangement may have been acceptable, considering the infrequent requirement for staff visits. 
However, an upgraded weir and associated fishway will have much more frequent operation and 
maintenance requirements, and the current access arrangements would not be considered 
acceptable. 

The weir structure currently does not have any formal parking facilities, parking bays or markings. 
The access road to the left river bank is unsealed.  

There are no formal access stairs/path down the right-side river bank. The bank is steep and 
loose soil/sediments present a slip risk. During wet weather it is anticipated the bank would 
become muddy and slippery.  

While no advice has been requested from WaterNSW on WHS considerations for the weir, the 
following would be considered appropriate as a minimum: 

▪ Establishment of designated vehicle parking and turning bay(s), including bollards, 
markings and signage where required; 

▪ Construction of suitable access stairs, including bank reshaping and stabilisation if 
required, to facilitate access to weir and new fishway; 

▪ Handrailing and fencing where required. 

7. Fishway 
No formal fishway structure has been constructed at the existing weir.  

Given the nominal 500km total length of upstream and downstream river habitat of high 
conservation value that would be reconnected if a fishway were to be provided then any 
significant refurbishment, upgrade, or replacement of the existing weir structure could almost 
certainly be expected to trigger the requirement for fish passage provisions to be provided in 
accordance with the Fisheries Management Act, 1994 (FMA94). 

7.1 Constructability and Location 
A new fishway, either vertical-slot type or rock ramp type, could be located on either bank. The 
right bank would be more convenient for access, necessitating some augmentation of the steep 
slopes. However, a fishway located on the right bank in proximity to the town may inadvertently 
attract unwanted attention/vandalism.  
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It is noted that, at some stage, a fishway was planned to be constructed at the right bank as 
evident by the intentional gap left in between the concrete capping and timber piling.  

The left bank slope is more gradual. The left bank is on the inside of the upstream bend and 
would generally have lower flow velocities. Slower flow velocities may promote the deposition of 
silt/sediment which would create issues with maintaining a clear fishway entrance and exit. 
Access from the left bank would be through the caravan park.  

The final decision on the fishway location would normally be determined by NSW Fisheries. 

7.2 Costs 
The cost of a suitable fishway for upstream fish passage and additional provisions for 
downstream fish passage would be significant whether at either a refurbished/upgraded existing 
weir or at a new replacement weir.  

A cost estimate for a new fishway will be based on the expected maximum differential head 
across the fishway (while the river is still flowing). The highest identified bed level downstream of 
the weir is 63.39mAHD and therefore the river will just begin to flow at this weir tailwater level. 
The maximum differential head is calculated as the CTF level of the weir (65.65mAHD) minus this 
downstream high bed level (63.39mAHD): 

Max. ΔH  = 65.65 - 63.39  

= 2.26m, say 2.3m 

The depth of weir tailwater is nominally 0.3m at RL 63.39mAHD. 

Considering the existing weir is approaching end of design life, it would be hard to justify 
construction of a new fishway, at significant cost, adjacent to a weir with limited remaining 
functional life. The additional cost associated with a new weir structure versus refurbishment of 
the existing weir would be largely overshadowed by the significant cost of a new fishway.  

There are also several benefits of a new downstream weir site to consider (greater storage and 
water security, amenity of weir pool extending though entire town etc.) that makes the case for a 
new fishway at the existing weir site even harder to recommend. 

8. Weir Refurbishment Works and Cost Estimate 
Should the weir be retained, it is recommended the following be undertaken as a minimum to 
ensure satisfactory operation of the weir: 

▪ Replace existing sheet piling with new steel sheet piling, including replacing timber 
piling on both abutments. The new sheet piling would extend into and up the bank to 
a minimum RL 67.05mAHD (assumed weir drown out level) to eliminate potential 
erosion and outflanking of the structure; 

▪ Concrete capping over new sheet piling; 

▪ Repair of upstream and downstream rockfill protection; 

▪ Construct 0.6m thick riprap on the riverbanks upstream and downstream of the weir 
crest to prevent any further erosion in the vicinity of the structure; 

▪ Construct high level gate and low (bed) level outlet pipe for water release and draw-
down purposes;  

▪ Construct new fishway to facilitate fish passage; 

▪ Modification of access arrangements at right bank to be in-line with current WHS 
standards, and to be more suited to the increased frequency of visitation associated 
with the new fishway (refer Section 6.2). 
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A cost estimate for weir refurbishment works has been provided in Appendix A of the Wilcannia 
Weir Scoping Study (Jacobs, 2016). This estimate did not include costings for temporary coffer 
dams, dewatering and flood protection, or for construction of a new fishway.  

A summary of a revised cost estimate for the weir refurbishment works is provided in Table 8-1. 

This estimate has been developed on the envisaged required works, as listed above. These 
upgrade works would ensure the weir would have a design life matching that of a new fishway 
structure (100 years).  Refer to Appendix D for a detailed breakdown of the revised cost estimate.  

 

Table 8-1: Cost e stim ate for w eir  refurbi shm ent works (sum mary) 
Item  Description Cost 

1 Preliminaries $532,600 

2 Weir Upgrade Works * $1,000,540 

3 Fishway * $2,760,000 

DIRECT COSTS $4,293,140 

C.1 Contingencies (50%) $2,146,600 

TOTAL CONSTRUCTION COSTS $6,439,740 

P.1 Investigation and concept design (5%) $289,800 

P.2 Detailed design and documentation (7%) $450,800 

P.3 Contract administration and supervision (9%) $579,600 

P.4 Project management and owner costs (5%) $322,000 

P.5 GST (10%) $644,000 

TOTAL PROJECT COSTS (incl. GST) $8,725,940 

* Costs shown are applicable for maintaining existing weir crest level of 65.65mAHD. 

9. Conclusions and Recommendations 
The weir is nearing the end of its design life. Several identified issues with the weir have been 
noted in this condition assessment. Seepage on the downstream side of the weir was observed.  

A previous cost estimate by Jacobs for weir refurbishment has been revised. The updated 
estimate makes allowance for works that would extend the weir’s design life to match that of a 
new associated fishway structure. The cost component of a new fishway has also been included 
in the estimate. The total project cost with contingencies for existing weir refurbishment and new 
fishway is $8,725,940 incl. GST.  

The above cost for existing weir refurbishment plus fishway is similar to that of a new 
downstream weir plus fishway. Considering this cost similarity, and the other significant benefits 
associated with a new weir further downstream, it is recommended that the existing weir be 
decommissioned and removed, and a new weir and associated fishway be constructed at a 
suitable site downstream.  
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 Site Location Plan  
 

 

Figu re A-1:  Site loc atio n pl an 
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 Site Inspec tion P hotos  
 

 

Photo  B-1: Exis ting  Wilcannia  Weir (vie w d/s  from l eft riv erban k) 

 

 

Photo  B-2: Exis ting  Wilcannia  Weir (vie w d/s  from rig ht ri verba nk)  
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Photo  B-3: Right river bank (v iew u/s) 

 

 

 

Photo  B-4: Right river bank (view  d/s) 

 

 



 Wilcannia Weir  
  

 Structura l investig atio n and c ond ition  assessment  
 

Hunter New England | South Coast | Riverina Western | North Coast | Sydney  Report No. ISR18149 
Asset Advisory | Heritage | Project + Program Management | Assurance | Procurement | Engineering | Planning | Sustainability 
Developments | Buildings | Water Infrastructure | Roads + Bridges | Coastal | Waste | Emergency Management | Surveying B-3 

 

Photo  B-5: Left  rive rbank  (view u/s) 

 

 

 

Photo  B-6: Left  rive rbank  (view d/s) 
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Photo  B-7: View along w eir c rest (fr om right bank) 

 

 

 
 

 

Photo  B-8: View along w eir c rest (fr om left bank) 
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Photo  B-9: Upstrea m rock fill con ditio n (v iew from rig ht b ank)  

 

 

 

 
Photo  B-10: Upstrea m rock fill con ditio n (v iew from l eft b ank) 
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Photo  B-11: Downstre am rockf ill con ditio n (view from centre of crest look ing tow ard lef t 
bank)  

 

 

Photo  B-12: 1.2m deep sco ur hole  near right -hand sid e cres t step (view  towards right  
bank)  
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Photo  B-13: 1.6m deep sco ur hole  near right -hand sid e cres t step (view  towards right  
bank)  

 

 

 

Photo  B-14: Expo sed dil apidated tim ber c ribw ork p ile (view loo king toward righ t bank)  
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Photo  B-15: 0.3m s tep in main crest ( view d/s t owards r ight bank)  

 

 

 

Photo  B-16: Concre te surfac e damage on u/s  concret e capping face (view d/s) 
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Photo  B-17: Concre te shrin kage crac k on upstream  face and t op  of concrete capping  

 

 

 

Photo  B-18: Dilap idated timb er pil ing on rig ht b ank (view along c rest t owards bank)  
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Photo  B-19: Dilap idated timb er pil ing on rig ht b ank (u/s  face) 

 

 

Photo  B-20: Dilap idated timb er pil ing on rig ht b ank (d/s  face) 
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Photo  B-21: Gap betw een con crete  cap  and timb er pili ng on right bank (view from right  
bank ) 

 

 

 

Photo  B-22: Dilap idated timb er pil ing protrudi ng f rom th e left ba nk (view d/s) 
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Photo  B-23: Seepage on d ownstr eam side of  weir  (view u/s)  

 

 

 

Photo  B-24: Seepage on d ownstr eam side of  weir  (view d/s)  
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Photo  B-25: Raw water pum ping  sta tion  inta ke (right bank, v iew u/s)  

 

 

 

 

 

Photo  B-26: Fish Trap cons tructe d in  rock fill (view  d/s  near left b ank) 
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Photo B-27: Wilcannia Weir in 1991 (view from right bank looking South-East and u/s)
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 Avai lable  Exis ting Wei r Drawings  
 

This appendix contains the following drawings for the existing weir: 

Original Weir 
Appen dix  Drawing C-1 

Appen dix  Drawing C-2 

 

Existing Upgraded Weir 
Appen dix  Drawing C-3 

 

 

  



Appendix Drawing C-1



Appendix Drawing C-2



Appendix Drawing C-3
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 Exis ting Wei r Refurbishm ent Cost Est imat e 
Item 
No. Description Quantity Unit Rate Cost  

1 Preliminaries          
1.1 Site establishment and disestablishment (allowance) TCC  2 to 3 item 3.25% $122,300 

1.2 
Environmental protection measures, including ESCP 
(allowance) TCC  2 to 3 item 

2.75% $103,500 

1.3 Safety Management and controls 1 item $5,000 $5,000 
1.4 Make good existing access road 180 item $10 $1,800 
1.5 Temporary Fencing to site 1 Item $5,000 $5,000 
1.6 Temporary signage including project signs 1 Item $5,000 $5,000 
1.7 Geotechnical investigations 1 Item $20,000 $20,000 
1.8 Coffer dams, dewatering and flood protection works 1 Item $220,000 $220,000 
1.9 Surveying and setout 1 Item $10,000 $10,000 
1.10 Traffic management  1 Item $10,000 $10,000 
1.11 Water quality protection curtains 1 Item $10,000 $10,000 
1.12 Feature survey 1 Item $20,000 $20,000 
  Sub-Total       $532,600 

2 Weir Upgrade Works         

2.1 
Excavation, foundation prep, filling and compaction, 
where required (allowance) 

1 
Item 

$50,000 $50,000 

2.2 U/S Rockfill protection (1V:3H) 180 m3 $180 $32,400 
2.3 D/S Rockfill protection (1V:6H) 750 m3 $250 $187,500 

2.4 
Steel sheet piling (covering main crest and left/right 
abutments up to 67.05mAHD) 

590 
m2 

$850 $501,500 

2.5 Concrete Capping 32 m3 $2,000 $64,000 
2.6 Left bank rip rap protection 283 m3 $180 $50,940 
2.7 Right bank rip rap protection 425 m3 $180 $76,500 
2.8 Geotextile Bidim A49 or equivalent 1180 m2 $15 $17,700 

2.9 
New high level gate and bed level pipe outlet 
structures (allowance) 

1 
Item 

$50,000 $50,000 

2.10 
WHS upgrades to parking and access arrangements 
(allowance) 

1 
Item 

$20,000 $20,000 

  Sub-Total       $1,000,540 
3 Fishway         

3.1 
Fishway structure - 15 pools / 16 baffles (2.3m max. 
differential head) 2.3 m $1,200,000 $2,760,000 

  Sub-Total       $2,760,000 
  DIRECT COSTS       $4,293,140 
C.1 Design variability / Contingency (50% above items)     50% $2,146,600 
  TOTAL CONSTRUCTION COSTS       $6,439,740 
P.1 Investigation and concept design     5% $289,800 
P.2 Detailed design and documentation     7% $450,800 
P.3 Contract admin. And supervision     9% $579,600 
P.4 Project management and owner costs     5% $322,000 
P.5 GST     10% $644,000 
      
  TOTAL PROJECT COSTS       $8,725,940 
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Wilcannia is the traditional home of the Barkindji people 
who sustain a continuing spiritual relationship with the 
river. The existing Wilcannia weir is located behind the 
hospital in the northern part of town. It was built in 1942 
and refurbished in 1988. In December 2014 the NSW 
Government began investigating options for upgrading 
the weir. It sought to identify existing issues, review 
previous recommendations and negotiate a cooperative 
way to move forward. These investigations built upon 
work carried out in 2000 by the consultancy firm SMEC 
and another in 2013 by NSW Public Works. These studies 
assessed ten sites up to 10 km downstream from the town.

In 2016 the NSW Department of Premier and Cabinet 
prepared a scoping study and business case for the 
replacement of Wilcannia Weir which was funded by the 
NSW Department of Primary Industries – Water. These 
investigations identified three possible options:
1. Do nothing;
2. Upgrade the existing weir and build a new river place 

at the rock bar downstream of the town bridge;
3. Build a new weir 5.2 km downstream 

of the existing weir (Site A2).

This business case identified the preferred option 
as being a new weir located approximately 5.2km 
downstream of the existing weir. However it was 
subsequently recognised that there were a vast range 
of community views, as well as a number of unresolved 
technical issues that would require resolution prior to 
adopting a final option.

CONTEXT
Big River Consulting (BRC) was engaged by Public Works 
Advisory in November 2018 to conduct meaningful 
consultations with both the Indigenous and broader 
community with an aim to identify the final preferred 
location for a new Wilcannia Weir. The consultation 
focused on a respectful acknowledgement of the 
spiritual relationship of the indigenous community with 
the river. A range of social, cultural and environmental 
concerns were considered utilising a collaborative 
approach aimed at incorporating valuable Indigenous 
and local knowledge.

The community acknowledged the fact improved water 
flow is likely to enhance tourism, agricultural output, 
community autonomy, health and at the same time 
stimulate private and government investment. Enriched 
recreational amenities and increased water flow is likely 
to inspire community pride, revitalise river ecosystems 
and increase native fish populations. 

1
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BRC aimed to create consultations, communication and engagement by:
1. delivering a consistent, coordinated, planned and proactive approach;
2. focusing on transparency including the positive and negative implications;
3. using regular and multimodal approaches including digital media and traditional 

channels located on the NSW Department of Industry website.

CONSULTATION STRATEGY

THE PLAN

Analyses the current situation 
and known issues

Sets out the strategic 
approach and methodology 
for engagement

Identifies and maps the key 
stakeholders

Articulates the associated 
key messages and 
compelling narrative

Identifies the risk and 
outlines risk management 
measures

Outlines the communication 
action plan with proposed 
engagement approach and 
activities

1

2
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Community engagement reflected the following BRC principles
BRC applied appropriate engagement approaches for each stakeholder group. The level of 
engagement and the tools used were adapted for each group.

ENGAGEMENT TOOLS 
& APPROACHES

Sustainable: conscious of 
the environmental, economic 
and social/cultural settings

Inclusive: considerate of the 
parties involved at all stages

Adaptable: planning and 
delivery will be designed to 
achieve positive and 
collaborative outcomes

Respectful: consultations 
will honour cultural/spiritual 
traditions and aim to be 
enjoyable and productive

ENGAGEMENT TOOLS3
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Tool Interaction

Community Information Line
1800 stakeholder questions

Calls: 20
Duration: 15 hours

Project email address Number of emails sent/enquires: 90

Information Tools

Unique Stakeholder email Emails sent: 40

Fact Sheets
• Provided key dates and summaries.
• FAQs describe the Business Case 

and Option selections 

Handouts: 500
Emails: 15

Maps, photography, videography and visual 
materials

• A map diagram: in the Summary
• Visual material for use in the final workshop

Media Relations • Fielded press calls to the department 
and provided advice

• Drafted a Press Release

Radio Advertising • Wilcannia – 2WEB
• Broken Hill/Wilcannia – 2BH
• Broken Hill/Wilcannia – Hill FM

Print Media and Advertising • The Land
• Barrier Daily Truth, Broken Hill
• Koori Mail

Online Tools

Department of Industry website Assisted with:
• Contact Information
• Fact Sheets
• Online Survey
• Business Case Overview

Interactive Tools

Community Information Display Secured a display in the Council foyer for handing 
out the Business Case and Scoping Study 
Summaries, FAQ and fact sheets.
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THE FIVE PHASE ENGAGEMENT PLAN

Communications &
 Engagement

Community
Consultation

Consultation Report Presentation of 
Final Addendum

Design & Development

The BRC principles guiding stakeholder identification
1. Materiality: the means by which the program identified 

opportunities together with the impact of activities; 
2. Inclusive: the means by which the program acknowledged the right of 

stakeholders to become engaged and influenced decision making

4

Interviews were conducted as face to face, in groups and as telephone conversations. A summary 
overview of the consultations is shown below:

Interviews took place at residences, at the Central Darling Shire Council Chambers and at Broken Hill.

1965

22 119514

112 55

STATISTICAL OVERVIEW5
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As described in Section 3, a range of engagement 
tools were employed to inform the community before 
the Wilcannia engagement. These included detailed 
digital information, phone discussions, online feedback 
forms, scripted audio and media advertising. Key media 
advertising involved:
• Newspaper Advertisements: Five (Daily 

Truth Barrier, The Land, Koori Mail)
• Radio Advertisements: 119 (Wilcannia 2WEB 

- 40, Broken Hill/Wilcannia 2BH - 40, Broken 
Hill/Wilcannia Hill FM - 39) Three specific visits 
to the Wilcannia community were conducted 
during January and February 2019 to conduct 
site visits and detailed discussions with 
the community. These visits included:

PHASE 1 Get to Know You visit  
15, 16, 17 January 2019
This visit included initial discussions and onsite 
excursions with stakeholder groups. The main aim was 
to identify and meet key stakeholders and begin to build 
an understanding of key community issues and identify 
preferences for a new weir site. During this initial visit it 
was quickly recognised that the indigenous community 
had a strong interest in a potential site at a location 
known as Christmas Rocks which is located on the 
banks of the Darling River around 10km downstream of 
Wilcannia and 62 km upstream from Menindee Village 
with site access through privately owned land. Additional 
discussions with the community and visits to this site 
were conducted in subsequent phases.

Phase 2 Detailed Discussions and Interviews  
5, 6, 7 February 2019
This phase involved pre-arranged interviews with 
stakeholder groups, drop in sessions and site visits to 
weir site locations. Concerns were raised and addressed, 
and extensive conversations took place designed 
to clarify misunderstandings about the technical 
implications for the various options. BRC together with 
government engineers undertook dozens of formal and 
informal discussions. These conversations were open, 
fluid and on occasions lasted for hours.

Formal interviews took place at the Council Chambers, at 
the radio station and during an elders BBQ. Pre-arranged 
site visits were conducted at Christmas Rocks and a 
number of other possible weir sites including A1, A2 and 
the current site. The majority of the Wilcannia community 
advised they wanted a new weir and only a small number 
wanted to retain the weir in its current location.

Following this phase Indigenous community elder Ms Kerry 
King provided extensive additional assistance by taking 
community members to potential site locations. Ms King 
held an elders BBQ at Christmas Rocks with 12 people 
aimed to assist community members to understand the 
advantages and disadvantages of this location.

As an outcome the Christmas Rocks location was 
discounted and the majority of the Indigenous community 
agreed to Site A2 as the preferred weir location. In total 
Ms King consulted with 48 people who all confirmed their 
agreement to site A2 as the preferred option.

Phase 3 Community Consultation Workshop  
25 February 2019
• A community workshop was held at the Community 

Hall, Wilcannia with a goal to confirm the final 
preferred weir site. There were 52 workshop 
attendees including 22 Indigenous people and 
six representatives from government agencies:

• Office of Environment and Heritage, 
Heritage Division (1 person)

• NSW Land and Water Commissioner (1 person)
• NSW Department of Industry Water (2 people)
• Public Works Advisory (1 person)
• Central Darling Shire Council (2 people) 

Six female indigenous elders who are permanent 
residents of Wilcannia pre-approved the workshop 
agenda and methodology. BRC and NSW government 
engineers explained the project history and weir 
site options, organised site visits and discussed the 
future steps required to deliver the project including 
timeframes. Local senior elders assisted during this 
process and were able to offer critical support. Those 
who participated in the workshop were engaged and 
robust discussions were held, especially in regard 
to the future timing for delivery of the new weir and 
the design. Some workshop attendees changed their 
views following discussions with technical experts 
and participation in group activities. Apart from two 
attendees, a final consensus was agreed to regarding 
the preferred location of the weir at site A2.

COMMUNITY CONSULTATION APPROACH6
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Details of the individuals and groups consulted with and consultation phases are provided below: 

Get to know you/stakeholder mapping

Event: 12 people from 11 organisations

Barkindji Traditional Owners

NSW Aboriginal Land Council

Native Title group

Wilcannia Local Aboriginal Land Council

NSW Department of Aboriginal Affairs

Central Darling Shire Council

Wilcannia Men’s Group

Wilcannia Motel

Wilcannia Job Network

CDP Group

Wilcannia Youth Group

Interviews
Wilcannia Local Aboriginal Land Council

Wilcannia Radio Station

Face to face interviews

BRC Consultants BRC and Government staff

Wilcannia Tourism Association: four people Christmas Rocks (12 people)

Patrick Cunningham Central Darling Shire Council (3 people) 

Shirley Evans Anthony Pease

Kevin and Ngearie Cattermole Adam Davis

Pastoralist Association of West Darling (11 people) Paul Brown

Ten Indigenous community elders at a BBQ Badger Bates

Badger Bates Cyril Hunter (Pop)

Ten home visits

Ms King (included 47 local Indigenous people)
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Consultation Workshop

Stakeholder/Group Name Name

Barkindji Traditional Owners Badger Bates

Cyril Hunter

Office of Environment & Heritage, Heritage Division Sarah Martin

NSW Land and Water Commissioner Alice Jarrett

NSW Department of Industry Water David Swan

Glenn George

Public Works Advisory Heath Robinson

Central Darling Shire Council Darren Scotti

Reece Wilson

Wilcannia Tourism Association Bill Elliott

Denis Allen 

Wilcannia Motel Jim and Eamon Sammon

Regional Enterprise Development Institute (REDI.E) Brendon Adams

Paul Marriot

Andrew Whyman

Roger Whyman

Wilcannia Community Ms Kerry King

27 Individuals

Individuals Arthur Davis

Justin McClure

Julie McClure

Big River Consulting Josephine Cashman

Robyn Lang

Geoffrey Lang
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During the consultation process a range of community 
issues and potential opportunities were raised and 
addressed. In some instances the issues and concerns 
raised will need to be considered and addressed during 
the pre-construction phase. A summary of the key 
concerns raised are shown below:

Indigenous Cultural Heritage
• Although the Christmas Rocks site was ultimately 

discounted as a preferred weir site, Indigenous 
elders requested that the natural rock beds, 
originally blasted at the site to allow steamboats 
to travel up the river, be repaired. This site is the 
source of the Wilcannia creation story and it is the 
most significant Indigenous site in this region.

• Indigenous elders and other members of 
Wilcannia community raised the significance of a 
large ephemeral lake adjacent the Darling River 
west of Wilcannia, known as Lake Woytchugga. 
There were concerns raised about the frequency 
of the natural filling of the lake which was 
said to have reduced significantly over time. 
The community considered the filling of the 
lake and retention of water offers a significant 
potential opportunity to hold frequent cultural 
and traditional dance gatherings which could in 
turn foster tourism and income opportunities.

Water Security and Quality
• The community sentiment was clear - when the 

river dies, we die, literally. The river encourages 
growth, tourism and recreational opportunities. 
Catching fresh food in a remote, dry region is vital 
for health and wellbeing. At present there is an 
estimated maximum of six months water supply 
remaining in the weir pool and it is too salty to 
drink. This is supplemented by drinking water 
from backup bores however the longevity of these 
bores is unclear during an extended drought.

Residential Gardens
• River water is providing a raw water supply 

reticulated to garden taps. However these 
gardens have been impacted by the saline 
river water and some residents suggested 
fruit trees are dying as a result.

Algal Blooms
• Continual water inflow results in water trickling over 

rocks and sand bars, oxygenating the water and 
reducing the possibility of algal blooms. However 
as water flow decrease (and/or cease) the potential 
for algal blooms are likely to increase significantly.

COMMUNITY ISSUES AND OPPORTUNITIES
Bore Fields
• There is a concern that ongoing reliance 

on the bores could result in low levels 
of bore water, placing them at risk.

• It is considered possible that bore fields have 
been contaminated by town water. The town 
relies on bore water for its water supply.

Sewage and Stormwater
• Stormwater drains may be defective and 

tests need to be urgently undertaken.
• Stormwater feeds into the weir pool. 
• Sewage failures in town could end up 

in the river and the weir pool.

Weir height 
• Some agriculturalists and irrigators were keen 

to raise the weir by up to five meters.
• Some community members expressed concerns 

about raising the river level or creating a 
new weir pool downstream of town, citing 
concerns that the aquifer the community 
relies upon could become contaminated.

Water security
• Almost all stakeholders raised concerns regarding 

the need to secure the supply of drinking water 
for Wilcannia. Some considered the water to be 
poor quality and not of an acceptable standard. 
It was noted nearly 90 per cent of Wilcannia 
residents depend upon Centrelink for survival, 
power, fuel and food which is significantly more 
expensive in Wilcannia. Poor quality drinking 
water may in turn contribute to extreme 
economic disadvantage which may involve 
catastrophic social and health consequences. 

Recreation
‘The river sustains our life culturally, mentally and 
practically’
• The recreational needs of children were 

emphasised. The section of the river from the 
present weir to the southern end of town has 
been an historical recreational playground for 
children. When the river is flowing over the weir 
(not deep) and the water is good quality, it has been 
their favourite adventure playground. Groups of 
kids spend hours swimming, making water slides 
down the banks, playing water games, catching 
yabbies and/or sitting beside the river talking. 
When water flow is low children play safely on the 
rock and sand bars. Many people catch fish when 
water levels are high. This is not only a peaceful 

7
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and enjoyable pursuit, it is an important cultural 
activity and an integral part of the Wilcannia non 
fiscal economy. Extreme overcrowded housing 
means the provision of accessible recreational 
amenities is vital for community harmony.

Employment
The community expressed a strong desire to ensure 
the weir project will have a positive community impact, 
particularly for promoting local employment opportunities.
• The Indigenous community would like to 

see some of the weir upgrade money spent 
on local Indigenous employment. 

• The Indigenous community expressed 
concerns about the availability of Indigenous 
youth employment opportunities. 

• The Indigenous community expressed concerns 
about local Aboriginal contract opportunities. 

• It is difficult to procure and sustain a healthy work 
ethic while living in extreme overcrowded housing. 
One home had five beds located in the lounge room 
and five cupboards affixed to the wall for storage.. 

• Overcrowded housing must impact on the ability 
to function. This may be one cause for the lack 
of Indigenous employment engagement. It is 
not an Aboriginal cultural determinant to live in 
overcrowded spaces. This is a myth. Overcrowded 
housing is one of the major causes of chronic 
social dysfunction in Aboriginal communities.

• Once working, an Indigenous person is 
expected to give money to relatives.

Project Timing and Process
Initially there was considerable confusion about the 
future steps and the construction start date. Many 
community members believed the weir construction 
would likely occur during 2019 or 2020. During the 
Phase 3 Workshop, a considerable amount of time was 
devoted to explaining the process and clarifying future 
steps to ensure the delivery of a robust project.

After the consultations the majority of the community 
were in favour of a new weir location at the previously 
preferred A2 site. Two locals expressed a preference for 
the do nothing option based on the following:

Safety Concerns 
a Children jump off the road bridge during warm 

weather when the river is flowing. This can be 
dangerous and the community is concerned. 
Attempts to build a barrier on the bridge have made 
it worse. With the weir located downstream and 
a permanent weir pool under the bridge, children 
will be able to jump off the bridge all year round.

b A weir downstream would permanently remove 

a vital existing recreational resource because the 
new water level would be too deep for young 
children to play in. In a town with few recreational 
resources for children this could be a disaster. At 
present children play immediately below the weir 
at the rock bar 500 metres downstream when 
the river is low (which is most of the time). If the 
weir is located 5.2 kms downstream, children 
will either play in deep water or a long way out 
of town where they cannot be overseen.

c Local Indigenous elders expressed no concerns 
about the safety of children playing at the A2 
site. However elders reported there have been 
tragic drowning events and stipulated children 
should not be unattended in the water. This 
has been confirmed by previous consultants.

False Impressions 
With a permanent weir pool under the bridge, tourists 
and travellers are likely to think there is plenty of water 
in the Darling River when in fact there may be no flow. 
This does not help the ongoing community and regional 
drive for improved river conditions and water flows, ‘I 
think we need little to upgrade the present weir to perhaps 
stop it leaking (although this might be an advantage to rid it 
of salty water) and make it more fish friendly.’ Anonymous

Water Contamination 
A weir located downstream of the town will require 
effective water treatment to deal with stormwater runoff, 
broken sewer pipes, road accidents involving fire or 
possibly toxic chemicals, ‘If the location is below town, the big 
problem in Wilcannia is that all stormwater drains run into the 
river below the current weir and if there is a malfunction in the 
sewerage system, raw sewerage runs through the stormwater 
drains directly into the river.’ There was also a concern 
raised concerning the potential dumping of oil and waste 
into town waterways. Anonymous
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RECOMMENDATIONS

of a gate structure designed to hold water within 
Lake Woytchugga and prevent major floods.

General Recommendations
• Community safety strategies need to be carefully 

considered. It is recommended large signs be 
installed after the new weir is constructed, both 
at the weir pool in Wilcannia and at the new weir 
site warning the public that children should not 
be allowed to swim in the water unattended. 

• Consider offering swimming lessons at the local 
pool. It is only open for a few hours a day at present. 

• Investigate the potential for a cooperative 
arrangement with Aboriginal Affairs to 
support Indigenous community aspirations for 
employment and contract opportunities. 

• Community engagement needs to be ongoing 
and sensitively managed. The community 
feels disappointed and discouraged as a 
result of historical issues and delays. 

• It is important local Indigenous expertise 
is acknowledged and utilised during future 
consultations. It would be advisable, where feasible 
to engage key elders to assist with this process. 

The community broadly agreed to the final preferred 
location of the new Wilcannia Weir to be located at site 
A2. Key recommendations include:

The formation of an ongoing Wilcannia Weir 
Community Consultation Group
• It is recommended a consultation group be 

formed to ensure ongoing, meaningful and 
representative consultations for the duration 
of the project. This is considered critical to the 
ultimate success of the project. The people 

NEXT STEPS
The Presentation of the Final Business Case 
Addendum
• A summary of the final business case Addendum 

including the consultation report to be presented 
to the Consultation Group soon after it has been 
formed. This report should include a scope 
of works and a timeline for future steps. 

Ongoing Consultations and Community Updates
• The initial consultations have gained trust 

with the community. It is critical this trust 
is carefully managed during continuing, 
meaningful community engagements. 

• Notwithstanding the above, community mistrust 
of institutions (including the government) and 
together with the historical and future weir upgrade 
delays will require careful ongoing management. 

• It is recommended a Consultation Group be 
engaged on an ongoing basis including regular 
update teleconferences (at least quarterly). 

• It is recommended this Consultation Group be 
engaged during the concept and weir design phase. 

• It is recommended regular weir progress updates 
be provided to the broad community in the form 
of a community newsletter published quarterly. 

Indigenous Employment Opportunities
• It is recommended consideration be 

given to instigating a local and Indigenous 
employment policy for the project. 

Feasibility Investigations 
• It is recommended a feasibility investigation be 

conducted during the next phase to assess the 
potential reinstatement of the blasted channel 
in the rock bar at the Christmas Rocks site. 

• It is recommended a feasibility investigation be 
conducted during the next phase for the installation 

selected for this group would ideally be sourced 
from key stakeholders who were consulted 
during the initial consultation phase. This group 
should include elders from the local Indigenous 
community, the local tourism association, the 
broad Wilcannia community and the local Council. 
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Glossary 

Term Definition 

Differential head (∆H) Difference between water surface levels upstream and downstream of a 
hydraulic structure. 

Headwater level (HWL) Water level immediately upstream of a river control structure that is not 
subjected to any significant draw-down or related disturbance. 

Left and Right Reference to left and right is with respect to the view in the downstream 
direction, in accordance with industry practice. 

Percentile Term used to indicate thresholds or boundary values in frequency 
distributions.  For example, the 95th percentile is that value which marks off 
the lowest 95 percent of observations from the rest and exceeds all but 5 
percent of the values; the 50th percentile is the same as the median value 
(i.e. middle value in a ranked list of all values). 

Tailwater level (TWL) Water level immediately downstream of a river structure that is beyond the 
zone of any high energy flow and/or turbulent water. 
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Abbreviations and Notations 
 

∆H ...................... structure differential head (difference in water levels) 

≈ or ~ .................. approximately equal to 

AEP .................... annual exceedance probability 

AHD / mAHD ...... Australian Height Datum (in metres) 

ARI ..................... average recurrence interval 

Ch or CH ............ chainage 

CTF .................... cease-to-flow; or commence-to-flow 

D/S or d/s ........... downstream 

DEM / DTM ........ digital elevation model / digital terrain model 

dia. ..................... diameter 

DoI Fisheries ...... Fisheries Division, Department of Industry 

DoI Water ........... Water Division, Department of Industry 

Drg ..................... drawing 

FSL .................... full supply level 

FW ..................... fishway 

GA ...................... general arrangement 

GL ...................... gigalitres (1 x 109 L) 

HWL ................... headwater level (upper pool or storage level) 

L/s or l/s ............. litres per second 

ML/day or ML/d .. megalitres (1 x 106 L) per day 

m3/s .................... cubic metres per second 

No. ..................... number 

nom. ................... nominal 

NS / NSL ............ natural surface / natural surface level 

NSW ................... State of New South Wales 

Q ........................ flowrate (or discharge) 

RL ...................... reduced level 

T.O. .................... top of 

TWL ................... tailwater level 

typ. ..................... typical 

U/S or u/s ........... upstream 

WL / WSL ........... water level / water surface level 
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1. Introduction 

1.1 Purpose of Investigation 

The Water Division of Department of Industry has engaged Public Works Advisory to undertake 
investigation activities and to prepare a summary paper providing details of weirpool inundation 
extents and weirpool storage ratings for a proposed new Wilcannia Weir located at the preferred 
weir site, “A2”.  For comparison, similar details are also to be provided for the existing Wilcannia 
Weir. 

This report is part of Public Works Advisory’s overall engagement to prepare a Business Case 
Addendum and undertake related community consultation. 

Site overview plans for the study area are shown in Figure A-1 and Figure A-2 in Appendix A. 

Site A2 is located approximately 5.25km downstream from the existing Wilcannia Weir on the 
Darling River.   Photo 1-1 shows the Darling River at Site A2 looking upstream with the indicative 
height of the proposed new weir superimposed. 

 

Photo 1-1  Preferred Site A2 and indicative new weir height on Darling River (view upstream) 

 

Storage Ratings 

The development of weirpool storage ratings is aimed at providing a key input for use in the 
Wilcannia water supply secure yield analysis modelling that is being undertaken as a separate 
component of the work. 

The secure yield analysis will assess the adequacy of the existing weirpool storage capacity to 
meet water supply demands and the benefit gained from any additional storage created by an 
upgraded weir that is either located further downstream and/or has an increased crest level. 

The existing weir has a nominal design full supply level (FSL, top of main weir crest section) of 
65.65mAHD.  This level has been adopted as the base case crest level for an upgraded weir and 
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for the secure yield analysis.  A minor increase in crest level of around 0.5 to 1m has also been 
considered as part of other work for determining an optimum weir FSL. 

Inundation Mapping 

The inundation mapping presented allows for the examination of upstream weirpool extents to 
ensure that any new weirpool and/or a potential crest level raising can be adequately contained. 

Potential for Upstream Impacts 

Brief consideration has also been given to the potential for an upgraded Wilcannia Weir to cause 
significant upstream impacts and whether a potential increase in crest level is likely to be 
acceptable. 

It is critical that the satisfactory/safe passage of flood flows is provided for in the design of a new 
weir including where weir crest levels are to be raised as these result in an increase in the 
proportion that the natural waterway area is obstructed.  A basic estimate of the indicative weir 
drown-out flow has been carried out to assess the underlying potential for significant upstream 
impacts. 

Additionally, an estimate has been made of the river flow at which the increase in upstream water 
levels (afflux) that may be caused by the proposed weir works would diminish to less than 50mm. 

 

1.2 Background 

1.2.1 Existing Wilcannia Weir 

The existing Wilcannia Weir on the Darling River creates an in-stream weirpool storage that serves 
as the main raw water supply source for the town of Wilcannia.  The weir supply is supplemented 
by a reserve water supply provided by an existing and limited alluvial groundwater bore system 
that is located approximately between 3.5 to 4.5km downstream of the existing weir. 

The existing Wilcannia Weir is a fixed crest sheet pile rock fill weir that is over 70-years old and 
has been assessed as near the end of effective design life.  The current weir condition has resulted 
in the inability to hold a weirpool at the design FSL level during no-flow periods due to a crest 
breach adjacent the right-hand side weir abutment.  Extensive weir refurbishment or replacement 
works would be needed to restore the original functionality and reinstate a long-term design life. 

A structural investigation and condition assessment has been undertaken within a separate 
summary paper for the business case addendum. 

 

1.2.2 Wilcannia Weir Upgrade Options 

Broad options previously considered for upgrade of the existing Wilcannia Weir include the 
following: 

1. Refurbishment / replacement of the existing weir; 

2. Provision of a new weir at one of several potential sites located downstream of the 
existing weir and past the Barrier Highway bridge. 

A new weir located downstream has the potential to deliver additional benefits compared to 
refurbishment / replacement of the existing weir at the same location. 

Depending on water supply demand requirements the following sub-options are noted for an 
upgraded weir in relation to the design FSL: 

i. Maintain existing FSL (i.e. crest level matched to the existing weir at 65.65mAHD); 

ii. Raise FSL by 0.5 to 1m compared to existing via an increase in weir crest level. 
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1.3 Potential Weir Impacts 

A new weir located downstream or an upgraded existing weir with a raised FSL both have the 
potential to result in upstream impacts and/or have implications for water sharing with downstream 
water users. 

Implications for downstream water users is related to the increase in weirpool storage volume 
compared to the existing weir and the consequent ability this creates to hold back an increased 
volume of stored river water and for reduced downstream flows during drought periods. 

Downstream impacts may be mitigated by incorporating provisions for flow releases from the 
weirpool in response to inflows at times when the weirpool is drawn down below the crest. 

Potential upstream impacts typically include the following primary aspects: 

 Changes in upstream inundation extent; 

 Changes in upstream inundation depths, inundation time duration frequencies and 
number of inundation events; 

 River breakouts; 

 Changes in flood flow distributions; 

 Possible stability issues for banks and beds of affected watercourses; 

 Impacts on third-party landowners including on property access roads; and 

 Increases in upstream flood levels (afflux). 

Potential upstream impacts may be offset to some degree or otherwise justified by the resulting 
increase in water supply drought security and/or the generation of other benefits.  Notwithstanding, 
the potential for significant impacts and the need for mitigation measures has been considered in 
Section 5. 

The selection of the weir crest level to be adopted should consider the relationships between weir 
crest height including cost, the water supply secure yield provided by the weirpool storage capacity 
and the likelihood of any significant upstream and/or downstream impacts. 

 

1.4 Community Consultation 

The Wilcannia community was involved in the selection of Site A2 as the preferred location for the 
proposed new weir. 

Weir site location options, inundation extents and key potential impacts along with related weir 
design aspects were discussed with the community during the following two separate periods: 

 5th and 6th February 2019: 1-on-1 interviews and site inspections; and 

 24th and 25th February 2019: community workshop. 

At the commencement of the above consultation, two general locations for an alternative weir site 
were put forward by the community.  The advised added purpose was to provide a weirpool that 
could backup water into Woytchugga Creek and produce inflows to and inundation of Woytchugga 
Lake with the aim of creating opportunity for enhanced cultural practices and other benefits.  The 
two potential locations for an alternative weir site were clarified with the community to be: 

 just downstream of the Woytchugga Creek junction with the Darling River, and 

 significantly further downstream along the Darling River near a place referred to as 
Christmas Rocks, which is a site of Aboriginal significance. 
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The two potential alternative sites are located about 5.4 and 25.3km respectively downstream of 
Site A2, which is approximately 5.25km downstream of the existing Wilcannia Weir. 

The inundation mapping presented in this report was expanded to also cover the above alternative 
site options to assess the efficacy of creating a weirpool that could produce inflows to and 
inundation of Woytchugga Lake.  Accordingly, inundation mapping for a potential new weir located 
at the Christmas Rocks alternative weir site has been prepared and is presented in Section 3. 

Due to difficulties with achieving the requested added purpose for the identified additional weir 
sites, brief consideration has also been given to the following: 

 an alternative approach involving a Woytchugga Lake Regulator; and 

 a potential auxiliary structure that was identified as having apparent significant cultural 
and environmental benefit involving reinstatement of the historical partially removed 
section of the rock bar at Christmas Rocks. 

The above two points are addressed at the end of Subsection 3.4. 

The community consultation component of the current project is presented in a separate report that 
also feeds into the Business Case Addendum. 

 

2. Available Data 

2.1 Digital Terrain Model 

A digital terrain model (DTM) comprising geographically located natural surface levels (NSL) was 
acquired using airborne laser survey (LiDAR) during the period from 2 February 2014 to 5 March 
2014.  The DTM was provided as a 1m resolution grid with the following expected accuracies: 

 vertical accuracy:  +/- 0.15m; 

 horizontal accuracy: +/- 0.3m. 

During the time of LiDAR data acquisition there was nil flow observed in the Darling River 
downstream of the existing Wilcannia Weir, as measured by the Wilcannia river gauge (ref. 
Subsection 2.2). 

At the time, no flow conditions had prevailed in the river from 21 December 2013, which was 44 
days prior to the commencement of the acquisition period.  Consequently, it could be anticipated 
that some degree of weirpool drawdown would have occurred. 

The river flow conditions described above are beneficial in terms of the DTM since the nil flows and 
weirpool drawdown increase the portion of storage NSL topography that is above captured river 
levels in the DTM.  This maximises the extent that the weirpool storage ratings may be updated 
without bathymetric (underwater) survey data. 

 

2.2 River Gauge Information 

There is one (1) river level gauging station near Wilcannia, identified as: 

 Gauge No. 425008 – “Darling River at Wilcannia Main Channel”. 

The gauge is located about 700m downstream of the existing Wilcannia Weir and past the Barrier 
Highway Bridge over the Darling River. 

Historical daily river flow records were obtained for the 46-year period from 18 October 1972 to 
7 January 2019. 
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The following details for the gauge are provided: 

 Gauge Zero level:    63.415 mAHD; 

 Cease-to-flow level (CTF) gauge height: -0.22m (i.e. 63.195 mAHD). 

 

A plot of the available daily flow data is provided in Figure 2-1. 

 

Figure 2-1  Daily river flow downstream of Wilcannia Weir 

 

2.3 Aerial Imagery 

Available aerial imagery was obtained for the study area to complement the DTM data.  Details for 
the imagery including flows based on the Wilcannia river gauge at the time of imagery capture are 
as follows: 

 18 February 2015: Widespread coverage with no flow in the river; 

 24 July 2013:   High resolution coverage of the Wilcannia town and immediate 
surrounds with a flow of 943 ML/day in the river; 

 18 September 2013: Low resolution coverage of the far eastern study area 
containing the weirpool portion beyond about 45.5km upstream 
of the existing Wilcannia Weir with a flow in the river of 
681 ML/day. 

Photo 2-1 shows an extracted aerial image of preferred Site A2 for a proposed new weir with 
indicative mark-up of the weir location and access road. 
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Photo 2-1  Aerial image of preferred Site A2 for a proposed new weir (north is up page) 

 

2.4 Weir Crest & Upstream Cross-section Survey (2019) 

A recent field survey was undertaken by Central Darling Shire Council to confirm existing weir crest 
levels and to obtain a cross-section of the Darling River adjacent the Wilcannia water supply raw 
water intake pumping station.  The main raw water intake is located on the right-hand side riverbank 
about 80m upstream of the existing weir.  It is expected that the location of the intake is unlikely to 
change with the provision of an upgraded Wilcannia Weir. 

During drought periods, temporary works are undertaken to extend the raw water suction pipework 
from the fixed intake structure to a floating pontoon pump system using a connected flexible pipe. 

Council’s Drought Management Plan reports that the extended suction pipe work system can draw 
the weirpool down to a level of 63.65 mAHD, which is 2m below the weir design FSL of 
65.65 mAHD. 

 

The following key levels from the survey are provided: 

 

Crest Levels 

 Main central weir crest section: 

− Left:    65.68 mAHD; 

− Centre:   65.71 mAHD; 

− Right:   65.76 mAHD; 

 Left-hand side raised concrete crest section:  66.02 mAHD (0.34m step up); 

 Right-hand side raised concrete crest section:  66.05 mAHD (0.29m step up). 

 

Flow 
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Crest Section Lengths 

 Main central weir crest length:    34.29m; 

 Left-hand side raised concrete crest length:  6.47m; 

 Right-hand side raised concrete crest length:  6.06m; 

 Overall concrete crest length (excl. breach timber section): 46.82m. 

 

Upstream River Cross-section at the Permanent Raw Water Intake: 

 Width of river at design FSL:  ~45m; 

 Riverbed low point:   62.15 mAHD. 

 

From the above, the average surveyed main crest level for the existing weir is 65.72 mAHD.  At 
this stage to maintain consistency across the project and with other background studies, a nominal 
design FSL of 65.65 mAHD has been used for the existing weir, which is 0.07m below the surveyed 
average level. 

From the DTM, the general riverbed level immediately downstream of the apparent existing scour 
hole at the toe of the weir has been assessed to be about 63.15mAHD. 

Somewhat surprisingly, the downstream bed level is shown by the survey data to be 1m above the 
upstream surveyed cross-section low point of 62.15 mAHD. 

It is unclear if the upstream surveyed level adjacent the raw water intake is representative of 
upstream low river bed levels near the weir or whether the apparently low bed level is the result of 
the following or some other reason: 

 intentional bed excavation to create a suitable low level pumping pool for the floating 
pontoon intake system; 

 periodic progressive lowering of the riverbed due to the draw-in of bed sediments by 
the pontoon suction intake. 

 

2.5 Existing Weirpool Storage Ratings (1987) 

Prior to the current study, weirpool storage ratings for the existing Wilcannia Weir have been based 
on information contained within the report entitled, “Wilcannia Water Supply - Darling River Weir – 
Water Security Study” prepared by Public Works Department in February 1987. 

The 1987 weirpool storage ratings for volume capacity and surface area appear in the report to be 
based on limited survey data comprising: 

 a longitudinal section extending upstream from Wilcannia to Tilpa, which has 
apparently been generated from survey at twelve (12) locations (note the length of this 
reach is around 400km); and 

 a typical cross-section (Cross-section 8), which was surveyed in 1985 upstream of the 
existing Wilcannia Weir. 

Three (3) of the survey locations are understood to cover the portion of weirpool between the 
existing weir and a rock bar located about 30km upstream near a property called “Murtee”.  Two (2) 
of these locations appear to be within the weirpool subdivisions referred to as “Pool 1” and “Pool 2”, 
which are positioned respectively in series upstream from the existing weir. 
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For the current study, use of the 1987 storage rating information has been reduced to the 
underwater portions below the respective water surface levels captured in the DTM. 

Section 4 presents the storage ratings for the existing weir and for a proposed new weir at Site A2. 

 

3. Upstream Inundation Mapping 

3.1 General 

3.1.1 Mapping Setup 

The acquired DTM data sets have been processed to generate a combined DTM that effectively 
covers the whole of the study area.  The combined DTM was used as the basis for production of 
inundations maps using geographical information system (GIS) software with the final set of plan 
drawing figures produced using a CADD package. 

The plans show the inundation of natural ground surface areas that are directly connected to the 
weirpool or area under consideration.  Low lying natural surface areas that were found to be 
disconnected were excluded from being shown as inundated. 

The inundation plans presented are based on horizontal water surface levels that correspond to no 
flow conditions. 

The mapping is generally aimed at providing a clear view of the river environment that is likely to 
be inundated by the provision of a new weir and/or by an increase in design FSL level. 

Distance chainages (Ch) are shown on the inundation plans, which are negative in the downstream 
direction and positive in the upstream direction relative to the existing weir located at chainage zero 
(Ch 0). 

Complementary Thematic Height Map Colourisation 

To complement the inundation mapping, natural surface areas that are above the inundation water 
level under consideration have been shown colour coded according to a defined series of natural 
surface level (NSL) height ranges that have been applied to create a set of enhanced thematic 
height inundation maps. 

The NSL ranges used are generally 2m in height and in increments that are relative to the design 
FSL for the existing Wilcannia Weir.  The use of a 2m height range, approximately the height of a 
doorway, was beneficial in engaging with the Wilcannia community and assisted understanding of 
areas that would be inundated and the NSL differences between areas of a different colour. 

A colour legend including the corresponding height in relation to the existing weir FSL is provided 
on each inundation plan. 

 

3.1.2 Weir Sites for Weirpool Inundation Mapping 

Weirpool inundation mapping for a design FSL of 65.65 mAHD matched to the existing Wilcannia 
Weir has been prepared for the following weir sites: 

a. a proposed new weir located at Site A2; and 

b. a potential new weir (briefly considered) at the Christmas Rocks alternative weir site. 
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Site A2 and Existing Weir 

A weir at Site A2, with a design crest FSL matched to the existing weir, would effectively maintain 
the current existing weirpool while also providing a new additional weirpool storage between 
Site A2 and the upstream located existing weir.  This would add approximately 5.25km to the length 
of the existing weirpool, which is about 59.07km long, to create a combined weirpool length of 
64.3km. 

The inundation mapping prepared covers the full extent of the combined weirpool. 

Decommissioning of the existing weir would be required to ensure connectivity between the new 
additional weirpool and the existing weirpool.  The combined weirpool would thereby be accessible 
to the existing Wilcannia raw water intake pumping station, which is located on the right-hand side 
riverbank at about 80m upstream of the existing weir. 

Considering the above, inundation mapping for the existing Wilcannia Weir can inherently be seen 
within the inundation mapping prepared for Site A2. 

The river reach downstream of the existing weir will be significantly impacted by the proposed 
additional weirpool.  For this reach, detailed inundation plans have been prepared that allow a 
comparison to be made between current existing natural river conditions and proposed future 
weirpool inundated conditions. 

Inundation mapping and discussion for the combined weirpool upstream of Site A2 is presented in 
Subsection 3.2. 

Detailed inundation mapping is presented in Subsection 3.3 that shows current and future 
conditions for the river reach length that would contain the additional weirpool storage provided by 
a proposed new weir at Site A2. 

Christmas Rocks and Woytchugga Lake 

During the project, inundation mapping was expanded in response to the community proposal for 
a potential new weir to be located on the Darling River at an alternative site that could backup water 
into Woytchugga Creek and produce inflows to and inundation of Woytchugga Lake.  Inundation 
mapping for the Christmas Rocks alternative weir site relates to this aspect. 

To better understand the inundation of Woytchugga Lake and related extents, supplementary lake 
inundation mapping has also been prepared with a lake water level matched to the natural 
inflow/outflow commence/cease to flow (CTF) level of 71.7 mAHD, respectively.  The CTF level 
was determined by analysis using the DTM data and found to be located on Woytchugga Creek 
adjacent the western side of an unformed vehicle access track crossing and about 1.6km south of 
the mapped lake inundation extent. 

From the inundation mapping for Christmas Rocks and considering the identified creek 
inflow/outflow CTF level for the lake, it is apparent that the weir crest level required to inundate 
Woytchugga Lake would need to be more than 6.05m higher than the existing weir design FSL of 
65.65 mAHD.  Consequently, further consideration of the alternative weir sites, identified above in 
Subsection 1.4, was ceased. 

Inundation mapping and discussion for the Christmas Rocks alternative weir site and Woytchugga 
Lake is presented in Subsection 3.4. 

 

3.2 Combined Weirpool Inundation Mapping for Site A2 and Existing Weir 

Figure B-1 to Figure B-6 in Appendix B provide a series of six (6) figures that show the full extent 
of the upstream weirpool that would be created by a proposed new weir located at Site A2 on the 
Darling River.  The created weirpool storage would combine the extent of the existing weirpool with 
the 5.25km long additional weirpool formed between Site A2 and the existing weir. 
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In the figures the dark blue colour range represents the inundated area created by the 
combined weirpool at a design FSL of 65.65 mAHD, which matches that of the existing weir. 

The next higher colour is the aquamarine                                                                         colour range that represents NSLs 
between the design FSL and up to 2m above FSL.  This range fully covers the potential design 
FSL raisings being considered of 0.5 to 1m and effectively covers a design FSL raising of up to 2m 
relative to the existing weir. 

Examination of the combined weirpool inundation extents upstream of Site A2 has identified the 
main aspects outlined below. 

Weirpool at Existing Design FSL 

 The weirpool inundation extents are well confined within the banks of the main river 
channel with no breakouts and only apparently insignificant extents of water backing 
up into tributaries and/or drainage watercourses; 

 Upstream of the existing weir the inundation extents are essentially the same as those 
for the existing weir, assuming the existing crest breach is remediated; 

 Downstream of the existing weir the inundation impact of the proposed new additional 
weirpool storage would be greatest since river conditions would change from the 
existing natural state to an artificial weirpool state with consequent effects including 
reduced river flow velocities and increased depths.  Refer to Subsection 3.3 for further 
details; 

 The upstream weirpool extent would remain unchanged at about 59.07km upstream of 
the existing weir, or 64.3km upstream of the proposed new weir at Site A2. 

Weirpool at a Raised Design FSL (0.5 to 1m, and up to 2m) 

 There are no apparently significant increases in lateral weirpool extents and no 
weirpool breakout of the main river channel associated with the nominated design FSL 
raisings, as indicated by the limited difference between the dark blue and aquamarine 
colours mapping colours.  This suggests that there is no significant topographical 
impediment to an increase in the design FSL of the order that is envisaged; 

 Where an increase in lateral extents is most apparent, these are typically associated 
with: 

− An increase in depth of weirpool corresponding to the increase in design FSL; 

− Inundation of in-channel riverbank and bed features, such as high bed sections, 
flatter banks areas and low bank benches, all positioned below a level of 4m or 
more from the top of riverbanks (i.e. below red and gold colours).  The more notable 
indicative locations identified include: 

o Ch +5.0km: broad region near Bar 1 of raised bed areas; 

o Ch 10.2km: short section with a low outside bank bench; 

o Ch 26.0km: broader section with flatter banks, generally on the outside; 

o Ch 30.2km: section near Bar 2 with a gradually rising bed to the outside; 

o Ch 31.8km: section with flatter lower inside bank; 

o Ch 42.1km: section with flatter lower inside bank; 

o Ch 46 to 51km: extended area, which includes Bar 3, with varied high 
bed areas and/or flatter lower banks on either side. 
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Moving upstream towards the upstream inundation extents the slope of the river 
results in rising bed levels that tend to show as more likely to become inundated 
with a raised design FSL, as could be expected. 

− Relative minor intrusion into tributaries and/or drainage watercourses.  The more 
notable instances identified are generally limited to the following indicative 
locations and intrusions distances in relation to a weirpool level 2m above FSL: 

o Ch -3.5km: ~130m; 

o Ch -1.5km: ~60m; 

o Ch +5.3km: ~490m (backup into Kallyanka Creek); 

o Ch 55.4km: ~800m (backup into Paroo River). 

Note that the above intrusion distances have the potential to be significantly less 
should a design FSL raising of less than 2m be pursued. 

 The upstream weirpool extent would move further upstream compared to existing as 
the design FSL is increased.  The following upstream extents have been identified for 
various design FSLs: 

− Existing FSL 65.65 mAHD:    Ch 59.07km (existing extent); 

− FSL+0.5m raising to 66.15 mAHD:  Ch 75.76km (increase of 16.68km); 

− FSL+1m raising to 66.65 mAHD:  Ch 80.6km (further increase of 4.84km). 

 

3.3 Site A2 Additional Weirpool Impact Mapping - Current and Future Conditions 

Figure C-1 and Figure C-2 in Appendix C provide a pair of detailed figures that are focused on the 
river reach length that would contain the additional weirpool storage for a proposed new weir at 
Site A2.  The figures are basically identical, except that the first figure shows the inundated 
conditions of the proposed (future) combined (additional + existing) weirpool while the second 
figure shows the existing (current) natural river conditions downstream of the existing weirpool 
inundated area. 

A readily available method the reader of a PDF copy of this report has at their disposal to be able 
to simply compare the two figures and river condition states is to fit one of the figures to full page 
and then using the PDF reader page controls, jump alternatingly between the two figures. 

As mentioned above, the dark blue colour range in the figures represents the 
inundated area created by the combined (additional + existing) weirpool at a design FSL of 
65.65mAHD, which matches that of the existing weir. 

To allow NSLs that are below the weirpool water level to be examined then the dark blue colour 
has been limited to NSLs between the design FSL and lower down to 1m below FSL.  This also 
allows the proposed additional weirpool extents to remain visible when looking at the mapping of 
current existing conditions downstream of the existing weir on Figure C-2. 

The next lower colour is the green colour range that represents NSLs between 1m 
below FSL and lower again down to -2.2m below FSL.  This range emphasises the bottom of the 
riverbanks and high riverbed areas. 

The meander of the low flow river channel through the high bed areas can be seen highlighted by 
the light blue colour range that represents NSLs lower than -2.2m below FSL. 

Examination of the inundation extents for the additional weirpool storage between the existing weir 
and downstream Site A2 was covered in Subsection 3.2 above for the combined weirpool. 
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A comparison is made here between the two detailed inundation figures that show future and 
current river conditions for the river reach downstream of the existing weir that contains the 
proposed additional weirpool storage.  The identified main aspects, and differences between 
current and future river conditions, are provided as follows: 

 This reach of river will experience the most significant change in river conditions due to 
the change from an existing natural state to an artificial weirpool state.  Consequent 
main effects include reduced river flow velocities, increased depths and generally 
permanent inundation of the riverbed and riverbank toe portions below a weirpool 
design FSL of 65.65 mAHD (matched to the existing weir); 

 The rock bar located generally behind the courthouse, about 700m downstream of the 
existing weir, will become permanently inundated; 

 The highest riverbed area within the reach is located at about Ch -2.15km (mid-pool) 
and represents a CTF level of 63.39 mAHD.  This level is 2.26m below a weirpool 
design FSL of 65.65 mAHD.  An assumed draw down of the additional weirpool pool to 
the CTF level would result in the weirpool becoming divided and the downstream 
portion being isolated from the existing raw water intake.  Considering the existing 
minimum extraction level of 63.65 mAHD (FSL-2m) then the high bed CTF level, which 
is 0.26m lower, is not expected to be an issue; 

 At the Barrier Highway bridge, the river depth would increase by 2.45m at a weirpool 
design FSL of 65.65 mAHD relative to an existing no flow river water level of 
approximately 63.20 mAHD that was captured in the DTM; 

 The additional weirpool storage will increase river levels along the reach of river that is 
adjacent to the existing emergency town water supply bores that are located near 
“Union Bend”.  This may have implications that could include, for example, a change in 
borefield aquifer recharge rates and/or a potential change in water quality.  This aspect 
may require further investigation. 

 

3.4 Inundation Mapping for Christmas Rocks and Woytchugga Lake 

Figure D-1 in Appendix D shows the weirpool inundation extents for a potential new weir located 
on the Darling River at the Christmas Rocks alternative weir site that was requested by the 
Wilcannia community to be investigated.  As previously stated, the added purpose of this potential 
new weir was to backup water into Woytchugga Creek to produce inflows to and inundation of 
Woytchugga Lake. 

Inundation mapping for the other alternative weir site located just downstream of the Woytchugga 
Creek junction with the Darling River can inherently be seen within the inundation mapping 
prepared for the Christmas Rocks alternative site. 

The Christmas Rocks alternative site is located at about 25.3km downstream of Site A2 and about 
30.57km downstream of the existing Wilcannia Weir. 

The Woytchugga Creek junction with the Darling River is located at about 5.4km downstream of 
Site A2 and about 10.6km downstream of the existing Wilcannia Weir. 

As above, the dark blue colour range in the figure represents the inundated area 
created by a Christmas Rock alternative weirpool at a design FSL of 65.65 mAHD (matched to the 
existing weir). 

For the Woytchugga Lake area, a separate green-yellow colour gradient is used in 
the figure to represent NSLs between the nominal minimum lake bed level of 70.5 mAHD and the 
natural commence-to-inflow and cease-to-outflow (CTF) level of 71.7 mAHD for the creek, which 
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connects the Darling River to the lake.  The creek CTF level is 6.05m above the weirpool design 
FSL of 65.65 mAHD. 

The creek CTF level governs the maximum level that can be held naturally in the lake following 
recession of a major flood that has caused the lake to fill.  Upon lake drying, via infiltration and 
evaporation processes, the southern extents of the lake would withdraw northward into a residual 
pool located within the northern portion of the lake, as shown by the darker green area.  The 
maximum lake depth with respect to the creek CTF level is relative shallow at about 1.2m. 

Ignoring hydraulic river grade effects, the Woytchugga Creek CTF level corresponds to a Wilcannia 
river gauge height of 8.29m and historical river flows in the range of between about 19,200 to 
25,000 ML/day.  Actual river flows that would cause inflows into the lake are anticipated to be in 
the order of at least 0.5m or 2,000 ML/day higher to account for an assumed 1 in 20,000 hydraulic 
flood grade on the river.  Daily flood flows above a gauge height of 8.79m (i.e. 8.29+0.5m) have a 
frequency of approximately 7.4% of time over the past 46 years and have occurred only about 5 
times since the start of Year 2000 (i.e. 2001, minor 2010, 2011, 2012, minor 2016). 

Photo 3-1 shows a flood inundated Woytchugga Lake taken in 1886, which appears to be a view 
from the north or north-eastern rim of the lake.  A stock fence (assumed to be 1.2m high) can be 
seen running out into the lake suggesting that lake depths may be around 0.9m at the time and 
location of the photo. 

 

Photo 3-1  Inundated Woytchugga Lake in 1886 

 

Examination of the alternative weirpool inundation extents upstream of Christmas Rocks has 
identified the following main aspects: 

 The weirpool inundation extents are well confined within the banks of the main river 
channel with no breakouts and only minor backing up of less than 160m into drainage 
tributaries; 

Source:  National Library Archives
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 The riverbanks become lower relative to the weirpool level moving in a downstream 
direction.  The riverbanks at Christmas Rocks are about 1.6 and 0.4m lower than the 
left and right top of riverbank levels at Site A2, respectively; 

 A weir at Christmas Rocks could be anticipated to be higher than at Site A2 by about 
1.3m based on no flow water levels captured in the DTM or by about 1.7m assuming a 
river grade of 1 on 15,000 to be able to retain the same level of weirpool.  This could 
be expected to contribute to significant additional costs; 

 A Christmas Rocks alternative weirpool could only backup water into Woytchugga 
Creek by about 100m. 

Given that the Woytchugga Creek CTF level of 71.7mAHD is 6.05m above the design weirpool 
FSL (matched to existing) then a massively increased height of weir would be required.  A weir of 
this height would be significantly higher in cost, likely need to be fully gated to allow flood passage 
and generally be out of context with the current project.  Consequently, the pursuit of the alternative 
site options for a potential new weir was ceased in agreement with the community. 

Woytchugga Lake Regulator 

If the aim was to retain flood waters in the lake at a higher level and for a longer period compared 
to that achievable at present with the natural CTF then a dedicated new gated structure would be 
better suited to the purpose. 

A gated regulator structure could potentially be located on Woytchugga Creek at an initial 
suggested location about 650m east along the creek from the CTF point to where the topography 
appears to be more favourable for siting of a structure.  Refer to Photo 3-2 of the CTF location. 

 

Photo 3-2  Low ground relief at the Woychugga Creek CTF location (view north to lake) 

 

Upgrading of the existing 7-cell road culvert located further to the east, for a similar purpose, is 
considered less suitable since the existing culvert has not been designed as a water retaining 
structure and would cause an undesirable isolated pool to be formed along the creek between the 
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culvert and the creek CTF point.  However, access for gate operation would be simpler, particularly 
in wet weather. 

Operation of a gated structure was envisaged with the gates normally being fully open and only 
closed during flood recession when the lake was at or below the design lake level to be retained.  
The actual level achievable would vary and be determined by flood characteristics and the design 
criteria for the gates. 

Reinstatement of Rock Bar at Christmas Rocks 

If the aim was to rehabilitate the river environment upstream of Christmas Rocks then reinstatement 
of the rock bar would be beneficial to re-establish upstream drought refuge for fish, freshwater 
mussels and aquatic plants, for example.  Additionally, during suitable low flow periods the rock 
bar could again serve as a location for the application of traditional aboriginal rock fish traps.   

Refer to Photo 3-3 that shows the current upstream view of the Darling River at Christmas Rocks 
and the consequence of no flow river conditions and historical removal of a portion of the rock bar. 

 

Photo 3-3  Decimated drought refuge looking upstream from Christmas Rocks in Feb. 2019  

 

Reestablishment of the rock bar would be of low cost and relative simple construction involving a 
reinforced concrete wall keyed into the rock and river banks with rockfill placed upstream and 
downstream. 

Refer to Photo 3-4 which shows the left-hand side (northern) portion of the rock bar that has been 
historically removed for pre-existing use by paddle steamers. 
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Photo 3-4  Section on left-hand side of the removed rock bar portion at Christmas Rocks 

 

4. Storage Ratings 

4.1 General 

The overall storage ratings that have been developed cover the following: 

 weirpool for the existing weir; 

 combined (additional + existing) weirpool for the proposed new weir located at Site A2. 

The overall ratings are broken down into weirpool subdivisions that are defined by apparent 
significant in-river features, which would cause fragmentation of the respective weirpool as it is 
drawn down during a period of no flow.  River features and weirpool subdivisions are identified in 
Subsection 4.3. 

The weirpool storage ratings developed for both the existing weir and the proposed new weir at 
Site A2 each comprise the following components: 

 Volume capacity rating; 

 Surface area rating. 

The ratings observe the nominal design FSL of 65.65 mAHD for the existing weir, which has also 
been adopted as the base case for an upgraded weir.  The ratings are sufficiently extended in 
height to cover, at least, a potential increase in the design FSL of 0.5 to 1.0m. 

The storage ratings also account for the extraction limit of the existing raw water intake that is 
understood to be at a level of 63.65 mAHD (FSL-2m), as was identified in Subsection 2.4.  The 
current extraction limit has essentially been adopted as the minimum accessible storage level for 
the ratings with any lower storage volume classified as dead storage.  Weirpool storage terminology 
is defined in Subsection 4.2. 
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The storage ratings prepared have been developed based on: 

 the available 1987 rating data for the underwater portions of the existing weirpool 
subdivisions referred to as “Pool 1” and “Pool 2” that are below the respective no flow 
river water levels captured in the DTM; 

 more accurate DTM topography for the existing weirpool at levels above the respective 
DTM captured water levels; and 

 additional weirpool storage attributable to the proposed new weir at Site A2, as defined 
by the DTM topography above the captured water levels. 

Note that no rating information is available for the weirpool storage portions below the DTM water 
levels for the existing weirpool subdivisions referred to as “Pool 3” and “End Pool” or the additional 
weirpool (“Pool A2”) for the proposed weir at Site A2.  This is not expected to be an issue since the 
DTM water levels are below either the accessible storage levels for the subdivision or the extraction 
limit of the raw water intake pumping station.  Consequently, the unknown volumes are essentially 
inaccessible and regarded as dead storage. 

Considering the above, the total storage volumes reported are minimums. 

 

4.2 Terminology 

This subsection defines and describes in general terms the functional characteristics of portions of 
the weirpool storage volume with respect to how accessible the portion is for the stored raw water 
to be extracted for water supply purposes.  Figure 4-1 provides a diagrammatic weirpool elevation 
profile as an aid to understanding the defined terminology. 

 

Figure 4-1  Diagrammatic weirpool elevation profile and storage volume subdivisions 

 

The term rating as used here, is essentially a relationship describing the change in storage volume 
or surface area due to a change in weirpool water level. 

The terminology below is defined to describe the functional characteristics of portions of the 
weirpool subdivisions that comprise the total weirpool storage volume. 

 

Total Storage Volume / Capacity: 

Total Storage = Accessible Storage + Dead Storage 

Total storage volume is the entire volume below a specific storage level that can be retained 
upstream in the river by a hydraulic structure, such as a weir.  The total storage volume is 
often referred to as the storage capacity.  The change in storage capacity with height is 
referred to as a storage capacity rating. 
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A key storage capacity value is the volume that can be held in the weirpool at the design 
FSL, which represents the maximum volume that can be stored prior to the structure 
overflowing, or otherwise becoming surcharged. 

See below for a description of accessible storage and dead storage. 

 

Accessible Storage: 

Total Accessible Storage = Accessible Connected Storage + Transferrable Isolated Storage 

Shown as: 

Accessible connected storage; 

 

Transferrable (accessible) isolated storage. 

 

Total accessible storage volume is the portion of total storage volume that is contained 
between a specific storage level and the minimum level at which stored water may be 
effectively extracted by permanent and/or temporary works and measures. 

For a weirpool storage that may become fragmented upon draw-down of the water storage 
level, additional terms are used that refer to the connectivity of the accessible storage 
portions in respect to the extraction point for the raw water supply intake. 

See below for a description of connected storage and isolated storage and the distinction 
associated with accessible connected storage and transferrable (accessible) isolated 
storage. 

 

Connected Storage: 

Connected storage is the portion of total storage volume that may theoretically be drained 
directly to the raw water supply extraction point without the need for any temporary works 
and measures. 

 

Isolated Storage: 

Isolated storage is the portion of total storage volume that may theoretically become 
separated from connected storage upon draw-down of the water storage level. 

Isolated storage remains classified as isolated storage regardless of weirpool level and the 
only requirement is for the portion to be potentially capable of becoming physical separated 
from the raw water supply extraction point.  The isolated storage is essentially capped at 
the level of the river feature that would cause it to become isolated. 

Fragmentation of a weirpool into subdivisions may be caused by river channel topographic 
features such as, for example, a rock bar, high bed section, or debris; otherwise it may be 
caused by an upstream built structure such as, for example, a low level river control 
structure or remnant decommissioned structure. 

 

Dead Storage: 

Total Dead Storage = Inaccessible Connected Storage + Non-Transferrable Isolated Storage 
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Shown as: 

Connected dead storage (inaccessible connected storage); 

 

Isolated dead storage (non-transferrable isolated storage). 

 

Total dead storage is the portion of total storage volume that is below the minimum level at 
which stored water may be effectively extracted by permanent and/or temporary works and 
measures. 

Similar to above, for a weirpool storage that may become fragmented upon draw-down of 
the water storage level, additional terms are used that refer to the connectivity of the dead 
storage portions in respect to the extraction point for the raw water supply intake. 

For simplicity, inaccessible connected storage is referred to as connected dead storage and 
non-transferrable isolated storage is referred to as isolated dead storage. 

 

Available Storage: 

Available storage is the portion of accessible storage volume that is contained between 
prevailing respective storage levels and the corresponding minimum levels at which the 
effective transfer and extraction of stored raw water can be achieved. 

Available storage is comprised of the remaining accessible connected storage and any 
remaining transferrable isolated storage at a given point in time. 

Available storage is typically used as an operational term. 

 

It is often beneficial to identify separately the main potentially fragmented subdivisions of the total 
weirpool length. 

The level at which the weirpool is divided into connected and isolated portions is referred to as the 
commence/cease to flow (CTF) level. 

 

4.3 Weirpool River Features and Schematic Profile 

The combined DTM covers the combined weirpool that extends from Site A2 upstream past the 
existing Wilcannia Weir and continues to beyond the upstream weirpool extent for a 1m increase 
in crest level (compared to existing).  The DTM has been analysed closely to identify and confirm 
the apparent key river features within the weirpool that influence the storage ratings. 

The key river features and weirpool subdivisions are identified below along with respective 
chainages relative to the location of the existing weir, noting that the upstream direction is positive 
and the downstream direction is negative: 

 Proposed new weir at Site A2: Ch -5.25km with FSL 65.65 mAHD matched to existing; 

− High bed / bank:  Ch -2.15km with CTF 63.39 mAHD; 

− General bed d/s of existing weir scour hole: Ch -0.07km with RL63.15 mAHD; 

o Pool A2:   5.25km long (Ch -5.25 to Ch 0km); 

 Existing Wilcannia Weir:  Ch 0m with nom. design FSL 65.65 mAHD; 

− Bed low point at intake cross-section: Ch 0.08km with RL62.15 mAHD; 
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o Pool 1:   5.43km long (Ch 0 to Ch 5.43km); 

− Bar 1:   Ch 5.43km with CTF 65.27 mAHD; 

o Pool 2:   24.7km long; 

− Bar 2:   Ch 30.12km with CTF 65.52 mAHD; 

o Pool 3:   19.1km long; 

− Bar 3:   Ch 49.20km with CTF 65.59 mAHD; 

o End Pool: 9.9km long at existing FSL; 
26.6km long (16.7km increase) at raised FSL+0.5; 
31.4km long (4.8km increase) at raised FSL+1; 

 Weirpool Extents: 

− Ch 59.07km at existing FSL (65.65 mAHD); 

− Ch 75.76km at raised extent FSL+0.5 (66.15 mAHD); 

− Ch 80.60km at raised extent FSL+1 (66.65 mAHD). 

 

The weirpool subdivision referred to as the “End Pool” is the most upstream portion of the weirpool 
that is bounded on the downstream side by the “Pool 3” subdivision and Bar 3 and on the upstream 
side continues to the respective upstream weirpool extent. 

The above river features are typically shown on Figure B-1 to Figure B-6 in Appendix B. 

 

The following overall weirpool lengths are summarised for a proposed new weir located at Site A2: 

 additional weirpool (Pool A2) length gained between Site A2 and the existing weir is 
5.25km; 

 existing weirpool length upstream of the existing weir is 59.07km 

 overall length of weirpool produced upstream of Site A2 for the range of design crest 
FSLs currently being considered are: 

− FSL matched to existing weir (65.65 mAHD): 64.32km; 

− FSL increased 0.5m (66.15 mAHD):  81.01km; 

− FSL increased 1.0m (66.65 mAHD):  85.85km. 

A schematic of the weirpool longitudinal profile is provided in Figure E-1 in Appendix E, which 
shows the above identified key river features and subsequent weirpool subdivisions. 

 

4.4 Total Storage Rating Tables 

The overall total storage volume and total surface area ratings for both the existing weirpool and 
proposed new combined weirpool (additional + existing) are provided below: 

 Table 4-1:  Existing weirpool comprising the following subdivisions and portions: 

− Pools 1, 2, 3 and End: Total storage down to Bar 3 CTF; 

− Pools 1, 2 and 3:  Total storage down to Bar 2 CTF; 

− Pool 1 and 2: Total storage to below intake dead storage level 
(FSL-2, and 63.65 mAHD). 
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 Table 4-2:  Combined weirpool for the proposed new weir at Site A2 comprising 
the following subdivisions and portions: 

− Existing weirpool:  As above; 

− Pool A2 (additional): Total storage to below intake dead storage level 
(FSL-2, and 63.65 mAHD). 

Note that the overall rating figures have been rounded to the nearest ten (10) square metres or 5 
megalitres. 

 

Table 4-1  Overall Total Storage Ratings for the Existing Weirpool 

Water Level 
w.r.t. FSL 

RL (mAHD) 
Total Surface 

Area (m2) 
Total Volume 

(ML) 
Comment 

4 69.65 4,438,560 17,265  Pools 1, 2, 3 & End 

3.5 69.15 4,226,900 15,100  

3 68.65 4,017,320 13,035  

2.5 68.15 3,814,260 11,080  

2 67.65 3,604,550 9,225  

1.5 67.15 3,381,660 7,475  

1 66.65 3,126,580 5,850 1.0m raising 

0.5 66.15 2,780,540 4,360 0.5m raising 

0 65.65 2,294,690 3,060 Existing design FSL 

-0.06 65.59 2,239,460 
1,775,910 

2,920 
2,750 

 Pools 1, 2 & 3 (Bar 3 CTF) 

-0.13 65.52 
1,753,260 
1,157,200 

2,625 
2,370 

 Pools 1 & 2 (Bar 2 CTF) 

-0.38 65.27 1,113,470 2,090 
Bar 1 CTF 
 (Assume start Pool 2 transfer) 

-0.63 65.02 1,040,250 1,820 
Pool 2 min DTM rating 
 (continue w/ 1987 rating data) 

-0.74 64.91 1,007,170 1,710 
Pool 1 min DTM rating 
 (continue w/ 1987 rating data) 

-1 64.65 960,300 1,455  

-1.15 64.5 927,900 1,305  

-1.5 64.15 795,250 1,015  

-1.65 64 738,400 890  

-2 63.65 662,800 650 
Extraction limit for existing raw 
water intake  

-2.15 63.5 630,400 545  

-2.26 63.39 582,990 490  
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Table 4-2  Overall Total Storage Ratings for the Proposed New Combined Weirpool 

Water Level 
w.r.t. FSL 

RL (mAHD) 
Total Surface 

Area (m2) 
Total Volume 

(ML) 
Comment 

4 69.65 4,778,670 18,910  Pools A2, 1, 2, 3 & End 

3.5 69.15 4,548,500 16,580  

3 68.65 4,324,000 14,360  

2.5 68.15 4,107,860 12,255  

2 67.65 3,886,280 10,255  

1.5 67.15 3,652,020 8,370  

1 66.65 3,385,520 6,610 1.0m raising 

0.5 66.15 3,027,720 4,995 0.5m raising 

0 65.65 2,529,960 3,570 Existing design FSL 

-0.06 65.59 2,473,290 
2,009,740 

3,420 
3,245 

 Pools A2, 1, 2 & 3 (Bar 3 
CTF) 

-0.13 65.52 
1,985,380 
1,389,320 

3,110 
2,855 

 Pools A2, 1 & 2 (Bar 2 CTF) 

-0.38 65.27 1,339,350 2,515 
Bar 1 CTF 
 (Assume start Pool 2 transfer) 

-0.63 65.02 1,259,580 2,185 
Pool 2 min DTM rating 
 (continue w/ 1987 rating data) 

-0.74 64.91 1,223,520 2,055 
Pool 1 min DTM rating 
 (continue w/ 1987 rating data) 

-1 64.65 1,169,550 1,745  

-1.15 64.5 1,133,080 1,565  

-1.5 64.15 990,440 1,205  

-1.65 64 927,440 1,050  

-2 63.65 827,920 750 
Extraction limit for existing raw 
water intake  

-2.15 63.5 782,020 620  

-2.26 63.39 723,300 550 
High Bed CTF at Ch -2.15km (d/s 
subdivision isolated) 

 

The total storage ratings have been continued down to the High Bed CTF level of 63.39 mAHD 
despite this level being within the dead storage portion as governed by the extraction limit for the 
existing raw water pumping station. 
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Detailed ratings showing the break-down of the overall ratings into weirpool subdivision ratings are 
provided in Appendix F as Table F-1 for the existing weirpool subdivisions (Pools 1, 2, 3 and End) 
and Table F-2 for the additional weirpool subdivision (Pool A2). 

 

From the tabulated overall total storage rating data, the following estimated key values are 
identified: 

 Total storage capacity at the existing design FSL of 65.65 mAHD (base case): 

− existing weirpool (Pools 1, 2, 3 and End):  3,060 ML; 

− additional weirpool (Pool A2):   510 ML (17% increase); 

− combined weirpool (Pools A2, 1, 2, 3 and End): 3,570 ML (17% increase). 

Percentages are relative to existing weirpool. 

 Total storage capacity due to a 0.5m raised FSL: 

− additional weirpool:     635 ML (24% increase); 

− combined weirpool:     4,995 ML (40% increase). 

Percentages are relative to the respective base case. 

 Total storage capacity due to a 1m raised FSL: 

− additional weirpool:     760 ML (48% increase); 

− combined weirpool:     6,610 ML (85% increase). 

Percentages are relative to the respective base case. 

 

The proposed new weir at Site A2 with a design FSL matched to the existing weir would add 510ML 
(0.51GL) or 17% to the existing total storage capacity and produce a combined weirpool storage 
of 3,570ML. 

A 0.5m increase in the design FSL for the combined weirpool would provide a further increase in 
total storage capacity of 1,425ML or 40% compared to the combined weirpool at the existing design 
FSL.  The total increase would be 1,935ML or 63% relative to the existing weirpool. 

A 1m increase in the design FSL for the combined weirpool would provide a further increase in total 
storage capacity of 3,040ML or 85% compared to the combined weirpool at the existing design 
FSL.  The total increase would be 3,550ML or 116% relative to the existing weirpool. 

For comparison, if an upgraded existing weir with a 1m increase in design FSL were to be 
considered then the increase in total storage capacity would be 2,790ML or 91% relative to the 
existing weirpool.  These increases are less than the 1m raised combined weir respectively by 
760ML and 25% relative to the existing weirpool. 

 

The above presented ratings could be further revised and improved with the undertaking of 
bathymetric survey to obtain more detailed and current data relating to river cross-sectional 
geometry.  In particular, this would allow updating of the underwater storage rating portions used 
for existing weirpool subdivisions, Pool 1 (below 64.91 mAHD) and Pool 2 (below 65.02 mAHD).  
Note that these 1987 original rating components account for a significant 59% of the total storage 
capacity for the existing weir at the design FSL (i.e. from Table F-1, (405+1390) / 3058). 
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4.5 Accessible Storage Rating Tables 

Manipulation of the formula in Subsection 4.2 for total storage volume yields the following: 

 

Accessible Storage = Total Storage – Dead Storage 

 

With reference to Figure E-1, the following clarifies the weirpool subdivisions and portions that 
comprise the total accessible storage capacity: 

 Existing weirpool and existing weir: 

− Pools 1, 2, 3 and End: Accessible connected storage; 

− Pool 2:   Transferable isolated storage. 

 Combined weirpool for the proposed new weir at Site A2: 

− Existing weirpool:  As above; 

− Pool A2 (additional):  Accessible connected storage. 

 

The surface area ratings for the accessible storages is the same as that previously provided for the 
total storage ratings in Subsection 4.4 since the total storage ratings cut-off (truncate) upstream 
subdivision ratings at the respective bed feature that would result in weirpool division and isolation. 

 

Table 4-3 provides the overall accessible storage volume rating for the existing weirpool.  A copy 
of the surface area rating from Table 4-1 has been included for convenience. 

Table 4-4 provides the overall accessible storage volume rating for the proposed new combined 
weirpool.  A copy of the surface area rating from Table 4-2 has been included for convenience. 

 

Note that the overall rating figures have been rounded to the nearest ten (10) square metres or 
5 megalitres. 
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Table 4-3  Overall Accessible Storage Ratings for the Existing Weirpool 

Water Level 
w.r.t. FSL 

RL (mAHD) 
Surface Area 

(m2) 
Accessible 

Volume (ML) 
Comment 

4 69.65 4,438,560 16,185  Pools 1, 2, 3 & End 

3.5 69.15 4,226,900 14,020  

3 68.65 4,017,320 11,960  

2.5 68.15 3,814,260 10,000  

2 67.65 3,604,550 8,145  

1.5 67.15 3,381,660 6,400  

1 66.65 3,126,580 4,770 1.0m raising 

0.5 66.15 2,780,540 3,285 0.5m raising 

0 65.65 2,294,690 1,980 Existing design FSL 

-0.06 65.59 2,239,460 
1,775,910 

1,845  Pools 1, 2 & 3 (Bar 3 CTF) 

-0.13 65.52 
1,753,260 
1,157,200 

1,720  Pools 1 & 2 (Bar 2 CTF) 

-0.38 65.27 1,113,470 1,440 
Bar 1 CTF 
 (Assume start Pool 2 transfer) 

-0.63 65.02 1,040,250 1,170 
Pool 2 min DTM rating 
 (continue w/ 1987 rating data) 

-0.74 64.91 1,007,170 1,060 
Pool 1 min DTM rating 
 (continue w/ 1987 rating data) 

-1 64.65 960,300 805  

-1.15 64.5 927,900 655  

-1.5 64.15 795,250 365  

-1.65 64 738,400 240  

-2 63.65 662,800 0 
Extraction limit for existing raw 
water intake  

-2.15 63.5 630,400 ---  

-2.26 63.39 582,990 ---  
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Table 4-4  Overall Accessible Storage Ratings for the Proposed New Combined Weirpool 

Water Level 
w.r.t. FSL 

RL (mAHD) 
Surface Area 

(m2) 
Accessible 

Volume (ML) 
Comment 

4 69.65 4,778,670 17,735  Pools A2, 1, 2, 3 & End 

3.5 69.15 4,548,500 15,405  

3 68.65 4,324,000 13,185  

2.5 68.15 4,107,860 11,080  

2 67.65 3,886,280 9,080  

1.5 67.15 3,652,020 7,195  

1 66.65 3,385,520 5,435 1.0m raising 

0.5 66.15 3,027,720 3,820 0.5m raising 

0 65.65 2,529,960 2,395 Existing design FSL 

-0.06 65.59 2,473,290 
2,009,740 

2,245 
 Pools A2, 1, 2 & 3 (Bar 3 
CTF) 

-0.13 65.52 
1,985,380 
1,389,320 

2,105  Pools A2, 1 & 2 (Bar 2 CTF) 

-0.38 65.27 1,339,350 1,765 
Bar 1 CTF 
 (Assume start Pool 2 transfer) 

-0.63 65.02 1,259,580 1,440 
Pool 2 min DTM rating 
 (continue w/ 1987 rating data) 

-0.74 64.91 1,223,520 1,305 
Pool 1 min DTM rating 
 (continue w/ 1987 rating data) 

-1 64.65 1,169,550 995  

-1.15 64.5 1,133,080 815  

-1.5 64.15 990,440 455  

-1.65 64 927,440 300  

-2 63.65 827,920 0 
Extraction limit for existing raw 
water intake  

-2.15 63.5 782,020 ---  

-2.26 63.39 723,300 --- 
High Bed CTF at Ch -2.15km (d/s 
subdivision isolated) 
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From the tabulated overall accessible storage rating data, the following estimated key values are 
identified: 

 accessible storage capacity at the existing design FSL of 65.65mAHD (base case): 

− existing weirpool (Pools 1, 2, 3 and End):  1,980 ML; 

− additional weirpool (Pool A2):   415 ML (21% increase); 

− combined weirpool (Pools A2, 1, 2, 3 and End): 2,395 ML (21% increase). 

Percentages are relative to existing weirpool. 

 total storage capacity due to a 0.5m raised FSL: 

− additional weirpool:     535 ML (29% increase); 

− combined weirpool:     3,820 ML (59% increase). 

Percentages are relative to the respective base case. 

 total storage capacity due to a 1m raised FSL: 

− additional weirpool:     660 ML (60% increase); 

− combined weirpool:     5,435 ML (127% increase). 

Percentages are relative to the respective base case. 

 

The proposed new weir at Site A2 with a design FSL matched to the existing weir would add 415ML 
(0.42GL) or 21% to the existing total accessible storage capacity and produce a combined 
accessible weirpool storage of 2,395ML. 

A 0.5m increase in the design FSL for the combined weirpool would provide a further increase in 
accessible storage capacity of 1,425ML or 59% compared to the combined weirpool at the existing 
design FSL.  The total increase would be 1,840ML or 93% relative to the existing weirpool. 

A 1m increase in the design FSL for the combined weirpool would provide a further increase in 
accessible storage capacity of 3,040ML or 127% compared to the combined weirpool at the existing 
design FSL.  The total increase would be 3,455ML or 174% relative to the existing weirpool. 

For comparison, if an upgraded existing weir with a 1m increase in design FSL were to be 
considered then the increase in total accessible storage capacity would be 2,790ML or 141% 
relative to the existing weirpool.  These increases are less than the 1m raised combined weir 
respectively by 665ML and 33% relative to the existing weirpool. 
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5. Potential for Upstream Impacts 

5.1 General 

The proposed construction of a new weir located downstream or an upgraded existing weir with a 
raised FSL both have the potential to produce increased upstream river water levels due to a 
change in the proportion of the natural waterway area that would be obstructed by the weir. 

At near CTF river conditions (~0 ML/day) the increase in upstream river levels is generally equal to 
the height of the new weir or crest raising.  As river flows progressively increase, the difference 
between existing upstream river levels compared to those for the new or raised weir would diminish 
as the weir becomes first submerged and then drowned out.  At weir drown-out the weir ceases to 
be the primary hydraulic control on upstream river water levels. 

For relatively high river flows, the difference between existing and proposed upstream river levels 
is referred to as the afflux.  A typical design requirement is to ensure that the afflux has diminished 
to an amount deemed to be insignificant at some point, such as before overtopping of a structure 
occurs or the river is able to breakout of the banks. 

Accordingly, the likelihood of potentially significant upstream impacts increases with waterway area 
obstruction and weir height (or raising amount) and additionally, as progressively lower upstream 
ground or built infrastructure levels of interest are considered, which may become inundated at 
lower flows than existing. 

Figure 5-1 shows diagrammatically the above hydraulic behaviour and reduction of afflux with 
increasing flows. 

 

Figure 5-1  Progressive change in weir flow profiles with a change in flow 

 

A brief series of hydraulic assessments have been undertaken and are presented below to clarify 
the above in relation to a proposed new weir at Site A2. 
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5.2 Waterway Area Obstruction at Site A2 

Figure 5-2 shows the river cross-section at Site A2 and the proportion of the natural waterway area 
that would be obstructed by a new fixed crest weir and integrated fishway components. 

 

Figure 5-2  Weir and fishway obstruction of the natural river waterway area 

 

A proposed new weir at Site A2 would obstruct the natural river waterway area relative to a top of 
low (left) bank level of 72.11mAHD as follows: 

 Crest at existing design FSL 65.65mAHD: 25%; 

 Crest raised by 0.5 (66.15mAHD):  30%; 

 Crest raised by 1.0 (66.65mAHD):  35%. 

Assuming a vertical slot fishway is integrated into the weir structure, then this would further increase 
the loss of waterway area.  For a fishway extending from the riverbank out to 2m along the crest 
and up to 2m above the crest, the additional area obstructed would be about 8m2 or 2%.  This 
additional obstruction is relatively small and could be anticipated to have only a minor impact. 

The above total waterway area obstruction percentages for a proposed new weir at Site A2 are 
regarded as low to moderate. 

 

5.3 Weir Hydraulic Drown-out and Afflux for a Proposed New Weir at Site A2 

For a proposed new weir at Site A2, the indicative weir drown-out flow has been assessed for the 
sub-options of a design FSL matched to the existing Wilcannia Weir and a 1m raised design FSL.  
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The assessments undertaken have utilised methodologies that are based on the Manning open 
channel flow equation and the Bernoulli conservation of energy equation. 

The following hydraulic parameters were estimated for application using the above methods: 

 Roughness coefficient (Manning’s n):  0.035, sensitivity for 0.03 and 0.04; 

 Riverbed slope:     1 on 15,000, sensitivity for 1 on 20,000; 

 Turbulent eddy headloss coefficients (typical values): 

− expansion:     0.3. 

− contraction:     0.1; 

Riverbed Slope 

The selected riverbed slope of 1 on 15,000 was based on an assessment of various river reaches 
using a combination of no-flow water levels and CTF bed levels from the DTM.  The results of the 
assessment are provided in Table 5-1. 

The most relevant riverbed slopes are those located downstream of the existing weir and beyond 
Site A2.  The selected slope is at the steeper end of the assessed range compared to a slope of 
around 1 on 20,000 at the flatter end.  At this stage and for the purposes of weir drown-out and 
afflux considerations, a steeper slope is regarded to be more conservative since higher flows are 
needed. 

 

Table 5-1  Assessed riverbed slopes for various Darling River reaches at Wilcannia 

Upstream End Downstream End Fall (m) Distance (m) Slope 

Bar 3 CTF Christmas Rocks 4.15 79,770 1 on 19,220 

Bar 1 CTF Christmas Rocks 3.83 36,000 1 on 9,400 

Nom. bed d/s weir Christmas Rocks 1.71 30,570 1 on 17,880 

Nom. bed d/s weir Site A2 WSL 0.40 5,245 1 on 13,110 

High Bed CTF Christmas Rocks 1.95 28,420 1 on 14,570 

Site A2 WSL Christmas Rocks 1.31 25,325 1 on 19,330 

Notes: 
1. WSL denotes water surface level. 
2. d/s denotes downstream. 
3. Christmas Rocks level is taken as the upstream no-flow WSL in the DTM. 

 

Tailwater Rating using the Manning Equation 

A tailwater rating defines the relationship between river flow rate and water surface level at a cross-
section located downstream of a structure or a point of interest.  The indicative tailwater rating 
developed for Site A2 is representative of existing river conditions at the site and is applicable to 
conditions immediately downstream of a proposed new weir. 

Figure 5-3 provides a plot of the tailwater rating for Site A2 that was developed using the Manning 
equation and the above mentioned hydraulic parameters for riverbed slope and channel roughness 
(Manning’s n).  If a flatter riverbed slope of 1 on 20,000 were used then the plot would be similar 
except the curves would tend to be slightly higher relative to those shown for a slope of 1 on 15,000.   

The nominal river channel capacity at Site A2 has been assessed to be 33,570 ML/day, as shown 
on the rating curve.  Based on the available river gauge data a flow of 33,570 ML/day has 
historically been exceeded for approximately 3% of time. 
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For existing river conditions at Site A2, river water levels currently only reach heights equivalent to 
the existing design FSL (65.65mAHD) and a 1m raised FSL (66.65mAHD) at flows of 4,810 and 
7,650 ML/day, respectively.  If a proposed new weir were constructed then future upstream river 
water levels would generally be at and above these respective levels permanently. 

 

Figure 5-3  Assessed tailwater rating at Site A2 for a range of Manning’s n values 

 

Drown-out Flow Assessments 

The Bernoulli equation and the above mentioned hydraulic parameters for turbulent eddy head 
losses were used along with cross-sectional waterway area properties to develop backwater 
surface profiles over the weir for a range of flows and submerged weir conditions.  The method 
applied is appropriate for flows approaching the weir drown-out flow and higher. 

In open channel flow hydraulics, weir drown-out conditions correspond to the flow that results in 
critical flow over the weir crest and is determined by a Froude number equal to one (1).  For a fixed 
crest weir, higher flows result in sub-critical low energy flows over the weir and lower flows result 
in super-critical high energy flows downstream of the weir crest. 

The developed backwater profiles were calculated in the upstream direction from respective 
tailwater levels determined using the developed respective tailwater rating.  Turbulent eddy head 
losses attributable to the expansion and contraction of flow caused by the weir obstruction were 
estimated using the respective headloss coefficients and incorporated into the Bernoulli 
calculations.  The total headloss across the weir is indicative of the difference between assessed 
upstream (headwater) and downstream (tailwater) water surface levels. 

The backwater profiles were developed iteratively with flow rate varied until critical flow conditions 
were achieved at the weir crest section. 
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The key results of the weir drown-out flow assessments are provided below for a tailwater rating 
based on a riverbed slope of 1 on 15,000 and Manning’s roughness coefficient of 0.035 with 
sensitivity assessed using values of 0.03 and 0.04. 

Weir Design FSL matched to existing at 65.65mAHD: 

 Weir drown-out flow: 7,600 ML/day (sensitivity range 9,390 to 6,370 respectively); 

 Headwater level:  66.77 mAHD; 

 Tailwater level:  66.63 mAHD; 

 Depth over crest:  0.74m; 

 Structure headloss: 0.14m afflux (sensitivity range 0.16 to 0.12 respectively); 

 Headwater level below top of low bank 72.11mAHD:  5.33m. 

From the available river gauge data, a flow of 7,600 ML/day has historically been exceeded 
for approximately 23% of time. 

 

Weir Design FSL raised by 1m to 66.65mAHD 

 Weir drown-out flow: 12,070 ML/day (sensitivity range 14,920 to 10,110, respectively); 

 Headwater level:  68.09 mAHD; 

 Tailwater level:  67.91 mAHD; 

 Depth over crest:  0.95m; 

 Structure headloss: 0.18m afflux (sensitivity range 0.20 to 0.16 respectively); 

 Headwater level below top of low bank 72.11mAHD:  4.01m. 

From the available river gauge data, a flow of 12,070 ML/day has historically been exceeded 
for approximately 17% of time. 

 

The above weir drown-out flows are substantially below the top of low bank level indicating that a 
proposed weir at Site A2 is unlikely to produce any apparent significant upstream impacts.  
However, at the above weir-drown-out flows future upstream water levels at Site A2 would be 
between about 0.14 to 0.18m higher than existing depending on the height of the proposed weir.  
These afflux values would diminish due to backwater effects moving away from the weir site in the 
upstream direction. 

 

Afflux Assessment 

To determine the river flow at which afflux would diminish to 50mm, a further assessment has been 
undertaken, similar to that for the assessment of weir drown-out flows.  A 50mm afflux is assumed 
to represent an insignificant increase in upstream river water levels.  Hence, higher flows and river 
levels may be considered to cause inundation and impacts that are not dissimilar to existing 
conditions. 

The key results of the assessment for a 50mm afflux are provided below. 

Weir Design FSL matched to existing at 65.65mAHD: 

 Weir flow:   9,240 ML/day; 

 Headwater level:  67.20 mAHD (i.e. 0.42m higher than for weir drown-out); 

 Tailwater level:  67.15 mAHD; 
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 Depth over crest:  1.41m; 

 Structure headloss: 0.05m afflux; 

 Headwater level below top of low bank 72.11mAHD:  4.91m. 

 

Weir Design FSL raised by 1m to 66.65mAHD: 

 Weir drown-out flow: 16,200 ML/day; 

 Headwater level:  68.96 mAHD (i.e. 0.87m higher than for weir drown-out); 

 Tailwater level:  68.91 mAHD; 

 Depth over crest:  2.17m; 

 Structure headloss: 0.05m afflux; 

 Headwater level below top of low bank 72.11mAHD:  3.15m. 

 

Compared to the results for the weir drown-out assessment, the above weir flows remain at levels 
that are substantially below a top of low bank level of 72.11 mAHD.  The increase in flow rate 
needed to reduce afflux to 50mm results in increased headwater levels that are 0.42 and 0.87m 
higher than those for weir drown-out conditions.  These additional figures reaffirm the expectation 
that a proposed weir at Site A2 is unlikely to produce any apparent significant upstream impacts. 

 

The above assessment of a 50mm afflux at a flow of 16,200ML/day over a new weir with a 1m 
raised FSL provides an indicative river level above which the potential for significant upstream 
impacts are anticipated to be negligible.  This flow corresponds to a headwater level of 68.96mAHD, 
which is 2.31m above a 1m raised FSL or 3.31m above the existing design FSL. 

 

With reference to the inundation mapping presented in Figure C-1 in Appendix C a level of 
68.96mAHD (FSL+3.31m) would correspond to the mapped gold colour near Site A2.  Due to the 
flow in the river, upstream water levels would tend to increase.  Based on a river grade of 1 on 
15,000, the increase in upstream water level amounts to a rate of about 330mm per 5km.  
Consequently, the use of the gold range is regarded as valid for the upstream river reach that 
extends to about the location of Bar 1, which is 10.68km upstream of Site A2.  Further upstream 
water levels would move into the red range. 

Over this reach there can be seen to be no apparent significant potential impacts other that some 
increased intrusion into minor tributary drainage lines.  Hydraulic modelling would be needed to 
confirm inundation extents under flowing river conditions, if this was required. 
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 Site Overview Plans 
 

This appendix contains the following: 

Figure A-1  Site Overview Plan (West) - Sheet 1 of 2 

Figure A-2  Site Overview Plan (East) - Sheet 2 of 2 
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 Weirpool Inundation & Height 
Thematic Mapping 

 

This appendix contains the following: 

Figure B-1  Weirpool Inundation Mapping (Town & Bar 1) - Sheet 1 of 6 

Figure B-2  Weirpool Inundation Mapping (Murtee & Bar 2) - Sheet 2 of 6 

Figure B-3  Weirpool Inundation Mapping (Pool 3) - Sheet 3 of 6 

Figure B-4  Weirpool Inundation Mapping (Bar 3 & Paroo River) - Sheet 4 of 6 

Figure B-5  Weirpool Inundation Mapping (Hamilton) - Sheet 5 of 6 

Figure B-6  Weirpool Inundation Mapping (Mt Murchison) - Sheet 6 of 6 

 

The above figures show the extents of weirpool inundation upstream of a proposed new weir at the 
preferred Site A2 with a full supply crest level (FSL) matched to that of the existing weir at RL65.65 
mAHD. 
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Wilcannia Weir

  

 Weirpool Inundation Extents and Storage Ratings
 

Hunter New England | South Coast | Riverina Western | North Coast | Sydney  Report No. ISR19082 

Asset Advisory | Heritage | Project + Program Management | Assurance | Procurement | Engineering | Planning | Sustainability 
Developments | Buildings | Water Infrastructure | Roads + Bridges | Coastal | Waste | Emergency Management | Surveying C-1 

 Detailed Weirpool Inundation 
Mapping 

 

This appendix contains the following: 

Figure C-1  Detailed Weirpool Inundation Mapping - Proposed New Weir (Site A2) 

Figure C-2  Detailed Weirpool Inundation Mapping - Existing Weir 
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 Christmas Rocks Weirpool & 
Woytchugga Lake CTF Inundation 
Mapping 

 

This appendix contains the following: 

Figure D-1  Inundation Mapping - Alternative Christmas Rocks Site Weirpool & Woytchugga 
Lake CTF 
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 Weirpool Profile 
 

This appendix contains the following: 

Figure E-1  Schematic of Weirpool Longitudinal Profile 
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 Detailed Weirpool Subdivision 
Ratings 

 

This appendix contains the following: 

Table F-1  Detailed Ratings for Existing Weir; 

Table F-2  Detailed Ratings for Site A2 Additional Weirpool. 

 

 



TABLE F-1
Detailed ratings for existing weirpool

Existing Wilcannia Weir - Detailed existing weirpool subdivision storage ratings
2019 Storage Capacity & Surface Area Ratings - supplemented with Year 1987 ratings below level of DTM water surfaces

GREEN shaded cells represent the overall storage ratings.

Pool 1, 2, 3 and End are connected down to Bar 3 CTF level at which point End Pool becomes isolated dead storage.

Subdivision Pool 1, 2 and 3 are connected down to Bar 2 CTF level at which point Pool 3 becomes isolated dead storage.

Pool 1 and 2 are accessible down to FSL-2m with pumped transfer from Pool 2 to Pool 1 over Bar 1 CTF level, at which point Pool 1 and 2 become dead storages.

Subdivision Subdivision Subdivision

RL
(mAHD) SA (m2) ∆.Vol (ML) Total Vol. (ML) Access Vol. (ML) SA (m2) ∆.Vol (ML) Total Vol. (ML) Access Vol. (ML) SA (m2) ∆.Vol (ML) Total Vol. (ML) Access Vol. (ML) SA (m2) ∆.Vol (ML) Total Vol. (ML) Access Vol. (ML) SA (m2) Access. Vol (ML) Total Vol. (ML) Add % Vol SA (m2) Access. Vol (ML) Total Vol. (ML) Add % Vol SA (m2) Access. Vol (ML) Total Vol. (ML) Add % Vol Comments

4 69.65 403,561 193.23 1,793.62 1,622.54 1,343,368 658.38 6,532.13 6,053.08 978,712 480.08 3,598.11 3,344.26 1,712,919 833.93 5,339.64 5,166.61 1,746,929 7,676 8,325.75 2,725,642 11,020 11,923.86 4,438,561 16,186 17,263.50

3.5 69.15 370,444 177.90 1,600.39 1,429.31 1,291,721 633.70 5,873.75 5,394.70 941,748 461.43 3,118.04 2,864.18 1,622,984 787.85 4,505.70 4,332.68 1,662,165 6,824 7,474.14 2,603,913 9,688 10,592.17 4,226,897 14,021 15,097.88

3 68.65 341,954 164.99 1,422.48 1,251.40 1,243,256 609.58 5,240.05 4,760.99 903,924 442.27 2,656.60 2,402.75 1,528,183 740.78 3,717.86 3,544.83 1,585,210 6,012 6,662.53 2,489,134 8,415 9,319.13 4,017,318 11,960 13,036.99

2.5 68.15 318,386 153.98 1,257.49 1,086.41 1,195,202 585.63 4,630.47 4,151.42 865,197 422.55 2,214.33 1,960.48 1,435,479 692.87 2,977.08 2,804.05 1,513,588 5,238 5,887.96 2,378,785 7,198 8,102.29 3,814,263 10,002 11,079.37

2 67.65 297,827 144.47 1,103.50 932.42 1,147,103 561.26 4,044.84 3,565.79 824,757 401.65 1,791.79 1,537.93 1,334,859 640.00 2,284.21 2,111.18 1,444,930 4,498 5,148.35 104% 2,269,687 6,036 6,940.13 143% 3,604,546 8,147 9,224.34 202%

1.5 67.15 280,738 136.36 959.04 787.96 1,097,530 536.11 3,483.59 3,004.53 781,360 378.94 1,390.14 1,136.29 1,222,027 576.92 1,644.21 1,471.19 1,378,268 3,792 4,442.62 76% 2,159,628 4,929 5,832.76 104% 3,381,656 6,400 7,476.97 144%

1 66.65 265,184 129.37 822.67 651.59 1,046,495 510.44 2,947.48 2,468.43 733,887 353.82 1,011.20 757.35 1,081,011 495.10 1,067.29 894.27 1,311,678 3,120 3,770.15 49% 2,045,566 3,877 4,781.35 67% 3,126,576 4,772 5,848.65 91% FSL+1

0.5 66.15 252,600 122.75 693.30 522.22 996,046 484.09 2,437.04 1,957.99 680,605 324.74 657.38 403.52 851,291 370.24 572.19 399.16 1,248,647 2,480 3,130.35 24% 1,929,252 2,884 3,787.72 33% 2,780,543 3,283 4,359.91 43% FSL+0.5

0 65.65 238,047 14.22 570.55 399.47 940,030 56.13 1,952.96 1,473.90 616,593 36.70 332.63 78.78 500,016 28.93 201.95 28.93 1,178,077 1,873 2,523.51 0% 1,794,669 1,952 2,856.14 0% 2,294,685 1,981 3,058.10 0% FSL

-0.06 65.59 236,002 16.44 556.34 385.26 932,561 64.90 1,896.82 1,417.77 607,350 42.08 295.94 42.08 463,549 31.58 173.03 0.00 1,168,563 1,803 2,453.16 1,775,913 1,845 2,749.09 ← 2,239,462 1,845 2,922.12 Bar 3 CTF

-0.13 65.52 233,532 57.20 539.90 368.82 923,664 226.32 1,831.92 1,352.86 596,059 143.26 253.85 0.00 440,575 87.24 141.45 --- 1,157,197 1,722 2,371.82 ← 1,753,255 1,722 2,625.67 2,193,830 2,767.12 Bar 2 CTF

-0.38 65.27 224,120 19.99 482.70 311.62 889,350 79.14 1,605.60 1,126.54 550,147 48.44 110.59 --- 271,245 23.50 54.21 --- 1,113,470 1,438 2,088.30 1,663,617 2,198.89 1,934,862 2,253.09 Bar 1 CTF (Assumed start Pool 2 transfer)

-0.47 65.18 220,549 8.77 462.71 291.63 874,402 34.69 1,526.46 1,047.40 528,862 --- 62.15 --- 253,509 9.92 30.71 --- 1,094,951 1,339 1,989.17 1,623,813 2,051.32 1,877,322 2,082.03 Pool 3 min DTM rating

-0.51 65.14 218,858 25.87 453.94 282.86 866,699 101.69 1,491.77 1,012.71 ↑ 244,805 --- 20.79 --- 1,085,557 1,296 1,945.71 1,330,362 1,966.50 End Pool min DTM rating

-0.63 65.02 213,143 22.99 428.07 256.99 827,104 --- 1,390.08 911.02 ↑ 1,040,247 1,168 1,818.15 Pool 2 min DTM rating (start 1987 Pool 2 data)

-0.74 64.91 205,364 --- 405.08 234.00 801,804 1,303.75 824.69 1,007,168 1,059 1,708.83 Pool 1 min DTM rating (start 1987 Pool 1 data)

-1 64.65 203,840 351.00 179.92 756,460 1,102.54 623.48 960,300 803 1,453.54 1987 ratings

-1.15 64.5 197,600 319.80 148.72 730,300 986.45 507.39 927,900 656 1,306.25 1987 ratings

-1.5 64.15 179,400 255.19 84.11 615,850 759.46 280.40 795,250 365 1,014.65 1987 ratings

-1.65 64 171,600 227.50 56.42 566,800 662.18 183.12 738,400 240 889.68 1987 ratings

-2 63.65 157,040 171.08 0.00 505,760 479.06 0.00 662,800 0 650.14 1987 ratings;  Extraction limit raw water intake

-2.15 63.5 150,800 146.90 479,600 400.58 630,400 547.48 1987 ratings

-2.26 63.39 139,360 133.17 443,630 356.81 582,990 489.98 1987 ratings;  High Bed CTF at Ch -2.15km

-2.5 63.15 114,400 103.22 365,150 261.33 479,550 364.55 1987 ratings

-2.65 63 98,800 84.50 316,100 201.65 414,900 286.15 1987 ratings

-2.95 62.7 86,320 57.98 235,440 131.35 No previous data for Pool 3 u/s of Bar 2. No previous data for End Pool u/s of Bar 3. 321,760 189.33 1987 ratings

Notes:

"Bar" numbering is similar to the existing pool number on the downstream side.

SA weirpool surface area

Indicates dead storage

River length limited to max extent of DTM at 
Ch 83,757m.

Pool 1, 2 & 3Pool 1 & 2Water Level 
w.r.t. FSL

Note:  Not all 
dead storage 

able to be 
accounted for.

Note:  Not all 
dead storage 

able to be 
accounted for.

Pool 1 (L=5.43km | Ch 0 - 5.43km) Pool 2 (L=24.69km | Ch 5.43 - 30.12km) Pool 3 (L=19.08km | Ch 30.12 - 49.20km)  FSL+1:    L=31.40km | Ch 49.2 - 80.60km

Overall Weirpool Ratings for Existing Weir (Revised 2019; 1987 rating data used below min. DTM water levels)

End Pool

 FSL:        L=9.87km   | Ch 49.2 - 59.07km

 FSL+0.5: L=26.56km | Ch 49.2 - 75.76km

Total 
subdivision 

storage volume 
above DTM 

water surface.

Total 
subdivision 

storage volume 
above DTM 

water surface.

Pool 1, 2, 3 & End



TABLE F-2
Detailed ratings for Site A2 additional weirpool 

Proposed New Wilcannia Weir at Site A2 - 
Detailed "additional" weirpool subdivision storage ratings (b/w Site A2 and existing weir)

2019 Storage Capacity & Surface Area Ratings

Subdivision

RL
(mAHD) SA (m2) ∆.Vol (ML) Total Vol. (ML) Access. Vol. (ML) Comments

4 69.65 340,105 165.23 1,645.65 1,548.24

3.5 69.15 321,605 156.98 1,480.42 1,383.01

3 68.65 306,681 150.00 1,323.44 1,226.03

2.5 68.15 293,598 143.78 1,173.44 1,076.03

2 67.65 281,737 138.01 1,029.66 932.25

1.5 67.15 270,369 132.30 891.65 794.24

1 66.65 258,948 126.52 759.35 661.94 FSL+1

0.5 66.15 247,177 120.60 632.83 535.42 FSL+0.5

0 65.65 235,275 14.07 512.23 414.82 FSL

-0.06 65.59 233,826 16.30 498.16 400.75 Bar 3 CTF

-0.13 65.52 232,125 57.26 481.85 384.44 Bar 2 CTF

-0.38 65.27 225,883 20.23 424.60 327.19 Bar 1 CTF

-0.47 65.18 223,563 8.92 404.37 306.96

-0.51 65.14 222,517 26.51 395.45 298.04

-0.63 65.02 219,330 23.97 368.94 271.53

-0.74 64.91 216,353 55.34 344.97 247.56

-1 64.65 209,254 31.09 289.63 192.22

-1.15 64.5 205,185 70.06 258.54 161.13

-1.5 64.15 195,189 28.82 188.49 91.08

-1.65 64 189,038 62.26 159.67 62.26

-2 63.65 165,121 23.77 97.41 0.00 Extraction limit raw water intake

-2.15 63.5 151,618 16.06 73.64

-2.26 63.39 140,310 12.13 57.58 High Bed CTF at Ch -2.15km (d/s isolated)

-2.35 63.3 129,557 9.96 45.45 High bed CTF b/w bridge & Court rock bar

-2.43 63.22 120,189 7.65 35.49 Rock bar CTF behind Court House

-2.50 63.15 102,611 13.61 27.84 Existing weir d/s scour hole min DTM rating

-2.65 63 72,923 3.56 14.24

-2.7 62.95 62,263 5.99 10.67

-2.8 62.85 58,409 4.38 4.68

-2.89 62.76 33,782 --- 0.30 Site A2 add weirpool min DTM rating

↑

Notes:
"Bar" numbering is similar to the existing pool number on the downstream side.

SA weirpool surface area

Indicates dead storage

Note:  Not all dead storage able to 
be accounted for.

Site A2 Additional Pool (L=5.245km | Ch -5.245 to 0km)Water Level 
w.r.t. FSL

Total 
subdivision 

storage volume 
above DTM 

water surface.



 



 Wilcannia Weir Upgrade 
  

 Addendum to Bu siness Case 
 

Hunter New England | South Coast | Riverina Western | North Coast | Sydney  Report No. ISR19093 
Asset Advisory | Heritage | Project + Program Management | Assurance | Procurement | Engineering | Planning | Sustainability 
Developments | Buildings | Water Infrastructure | Roads + Bridges | Coastal | Waste | Emergency Management | Surveying  D-1 

 Secure Yield Analysis  
 

 

 



377 Sussex Street    SYDNEY   NSW  2000 
PO Box 20078    WORLD SQUARE NSW 2002 
T 02 9267 4478      F 02 9267 4478       
ABN 86 163 223 667      www.nswurbanwaterservices.com.au 

 

 

 working together to ensure water supply security 

 
  
 

  

   NUWS                   NSW Urban Water Services 

  

 
  

 
 

 
 

Page 1 of 12 
 
 

   MEMORANDUM 
  

TO          
 
Glenn Fernandes 
Principal Engineer – Planning (Water Utilities) 
NSW Public Works Advisory 

CC  

FROM Peter Cloke,  Principal Hydrologist 

DATE 6  June 2019 

SUBJECT Secure Yield Assessment for  
Wilcannia Water Supply:  Progress Report 6 

 

 
 
 With reference to your email of 29 May the additional model runs as requested have been 
undertaken.  Essentially the runs are similar to that in Progress Report 5 but with an added 
consideration of dead storage: 
 

Any volume that is lower than 2m below the FSL of 65.65 to be inaccessible. 
 
Furthermore it was confirmed by you no other changes were required to be made to the 
storage details as used for the modelling reported in Progress Report 5. 
 
This Progress Report follows on from that of 3 May 2019 and earlier ones and these should 
be referred to for further information on data and assumptions.  
 
It is noted the results provided herein are based on the conditions and assumptions 
as provided in this and previous Progress Reports. 

 

 

 

Summary 
Historic Climate 
 
Table 1 provides secure yield estimates for the proposed new downstream weir replacing 
the existing weir resulting in a one large weir pool that becomes disconnected to three 
separate pools as the water level draws down for the proposed new weir crest height of    
65.65 RL (mAHD) raised by 0.5 and 1 m.  
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Table 1:   Secure Yield Estimates (Historic Climate) – Sensitivity to Raising with Dead Storage 
 

 
Weir 

Storage 
 

ML 

 
Run 
No 

 
New 
Weir 
Crest 

RL  
mAHD 

 
Secure 
Yield 
ML/a 

Max 
Transfer 

from 
Storage 

ML/d 
 

 
Restrictions 

Critical 
Drought 

 

Total* Use-
able 

Applied 
at 

storage 
(% full) 

Duration 
(%) 

% of 
Years 

From To 

5540 4539 700 66.65  636 2.59 65 1.45 6.50 31/12/1901 31/12/1902 
4420 3419 703 66.15  344 1.40 65 1.72 8.13 31/12/1901 31/12/1902 

*Dead Storage 1001 ML 
Discussion: 
1. Runs 700  secure yield constrained by the 30 l/s  (2.59 ML/d) transfer capacity from the weir to supply 
Assumptions: 
1. No releases required from weir 
2. Wilcannia Potable Demand Pattern 
3. IQQM flows merged with observed flows and selected Historic Flows Set to zero based on periods of zero 

flows reported in PWD1987. 
4. Storage Details as provided by PWA  15-17/4/2019. 
5. See main Discussion Section for storage details and how operated. 
 
 
For the 0.5 m raising case (Run 701) with the dead storage it was found that the Secure 
Yield was now not constrained by the specified existing transfer capacity. Table 2 provides 
the results for the 1m raising (Run 700) but with unconstrained transfer capacity to 
establish the potential yield. 
 
 
Table 2:   Secure Yield Estimates (Historic Climate) – Unconstrained Transfer   
 

 
Weir 

Storage 
 

ML 

 
Run 
No 

 
New 
Weir 
Crest 

RL  
mAHD 

 
Secure 
Yield 
ML/a 

Max 
Transfer 

from 
Storage 

ML/d 
 

 
Restrictions 

Critical 
Drought 

 

Total* Use-
able 

Applied 
at 

storage 
(% full) 

Duration 
(%) 

% of 
Years 

From To 

5540 4539 702 66.65  997 4.06 65 1.68 8.13 31/12/1901 31/12/1902 
*Dead Storage 1001 ML 
Assumptions: 
1. No releases required from weir 
2. Wilcannia Potable Demand Pattern 
3. IQQM flows merged with observed flows and selected Historic Flows Set to zero based on periods of zero 

flows reported in PWD1987. 
4. Storage Details as provided by PWA  15-17/4/2019. 
5. See main Discussion Section for storage details and how operated. 
 
 
Climate Change 
 
The historic climate secure yields would be reduced by Climate Warming. However it was 
not feasible to employ the procedures to assess the reduction in Secure Yield  for 1oC 
climate warming scenario as given in the DoI Water draft guidelines “Assuring future urban 
water security, Assessment and Adaption guidelines for NSW local water utilities”.   
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It was beyond the scope of the original study to do climate change flow modelling due to 
the flows being provided from the DPI Water IQQM model which encapsulated several 
models and covered a catchment area of some 570,000 km2.   
 
It is noted as the catchment upstream is heavily regulated and subject to water sharing 
plans it may be that the potentially reduced inflows from climate change may be mitigated 
as suggested by the IQQM modelled flows providing higher secure yields than with the 
IQQM modelled flows being adjusted for the historic flows. 
 
Towards making an assessment of potential reduction  as suggested by DoI Water,  the 
critical drought  of no inflows was extended by an additional 15% (55 days) and  modelling 
was undertaken using the historic climate flow series but with the extended critical drought 
plus considering changes in evaporation and rainfall over the storages water surface areas 
for 1 oC climate warming.   
 
Table 3  provides the historic secure yields  adjusted for 1 oC Climate warming  based on 
the above which somewhat follows the concepts in DPI Water’s  “Assuring future urban 
water security, Assessment and Adaption guidelines for NSW local water utilities”. The 
individual results for the 15 GCMs and corresponding historic data base are provided in 
Attachment A. 
 
 
Table 3:  Preliminary Secure Yield Estimates Adjusted for Climate Change  
 

 
Case 

 
Proposed 
New Weir 
with Crest 
65 .65 RL 
m AHD 

 
Max Transfer 

Capacity 
 

ML/d 

 
Historic 

Secure Yield 
(from specified run) 

ML/a 

 
Adjustment 
Factor for 
Climate 
Change 

 
Secure Yield with 

1 oC Climate 
Warming 

ML/a 

Run 700 1 m raising 2.59 636 0.92296 587 

Run 703 0.5 m 
raising 1.40 344 n/d* n/d* 

Run 702 1 m  
raising 4.06 997 0.86706 864 

* n/d – the model could not determine any secure yield as when doing critical run with reduced storage sizes to allow for 
worse droughts then in last 130 years or so,  the available stored water was less than the evaporation losses for the 
critical drought. 
 
 
 
 
It was judged the results in Table 3 following in effect the guideline procedures may not fully 
capture the influence of reduced flows from climate change.   This is because for all 16 flow 
series (15 GCMs and historic) the flows were the same and thus there was no relativity in 
flow differences when determining the ratio for climate change factor.  Thus it may be more 
appropriate to use a historic secure yield based on the extended critical drought as shown 
in Table 4. 
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Table 4:  Refined Preliminary Secure Yield Estimates Adjusted for Climate Change  
 

 
Case 

 
Proposed New 
Weir with Crest  

65 .65 RL 
m AHD 

 
Historic 

Secure Yield using 
extended critical 

drought  
ML/a 

 
Adjustment Factor 
for Climate Change 

 
Secure Yield 

with 1 oC 
Climate 

Warming 
ML/a 

Run 700CCHis 1 m raising 636 0.92296 587 

Run 703CCHis 0.5 m raising n/d* n/d* n/d* 

Run 702CCHis 1 m raising 677 0.86706 587 
* n/d – the model could not determine any secure yield as when doing critical run with reduced storage sizes to allow for 
worse droughts in last 130 years or so,  the available stored water was less than the evaporation losses for the critical 
drought. 
 
 
 
Discussion 
 
Demand Patterns 
 
Table 5 provides   the monthly demand pattern used to reflect seasonality. As agreed it was 
based on the PWA provided potable water demand patterns for Wilcannia. The previous 
modelling suggested the secure yield would not be expected to be sensitive to the likely 
patterns. Furthermore use of this pattern then allowed direct comparison to previous cases 
modelled.  
 
 Table 5:  Demand Patterns 
 

Pattern Monthly Demand % of Total Annual Demand 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

Wilcannia 
Potable  6.4 6.4 7.18 9.20 10.61 11.38 12.62 8.76 9.20 6.87 5.77 5.63 

 
 
 
Storages 
 
In the model  the large new weir pool  to reflect the disconnect between  the 3 rock bar 
pools and that the existing weir would be removed was delineated as three separate  pools: 
 

1. Pool 3 -  the most upstream pool above rock bar at 65.62   RL (mAHD) between 
chainage 30.12 km and 49.2 km upstream of existing weir 

2. Pool 2 -  the pool  downstream of pool 2 to  the rock bar at 65.18 RL (mAHD) 
between chainage 5.43 km and 30.12 km upstream of existing weir    

3. Pool 1 (Wilcannia) -  the  new weir pool  to the rock bar  @ 5.43 km upstream of 
existing weir. 

 
In the model the inflows flow into Pool 3 and then spills into Pool 2 and then into Pool 1.  
Evaporation losses are applied to all three 3 pools water surface areas.  Water is extracted  
from Pool 1   which in effect draws water from  the other two pools until the disconnects 
occur when water is below the respective  rock bar crest levels. However for Pool 2 it is 
assumed water can be pumped into Pool 1 (and the model keeps track of this) when its 
level is below its rock bar crest level. 
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Table 6 provides the modelled water surface areas for Pool 3. 
 
             Table 6:  Pool 3 Storage Volume - Surface Area   
 

Storage 
Level 

RL (mAHD) 

Storage 
Volume  

 ML 

Water Surface Area 
km2 

66.65 1011.2 0.733887 
66.15 657.38 0.680605 
65.65 332.63 0.616593 
65.59 295.94 0.60735 
65.52 253.85 0.596059 
65.27 110.59 0.550147 
65.18 62.15 0.528862 

Water accessible down to 65.52 when rock bar disconnect occurs 

Effective dead storage  253.85 ML 

 
 
 
 
 
 
Table 7 provides the modelled water surface areas for Pool 2. 
 
             Table 7:  Pool 2 Storage Volume - Surface Area   
 
 

Storage 
Level 

RL (mAHD) 

Storage 
Volume  

 ML 

Water Surface Area 
 km2 

66.65 2947.48 1.046495 
66.15 2437.04 0.996046 
65.65 1952.96 0.94003 
65.59 1896.82 0.932561 
65.52 1831.92 0.923664 
65.27 1605.6 0.88935 
65.18 1526.46 0.874402 
65.02 1390.08 0.827104 
64.91 1303.75 0.801804 
64.65 1102.54 0.75646 
64.5 986.45 0.73300 
64.15 759.46 0.615860 

64 662.18 0.56680 
63.65 479.06 0.50576 

Water accessible down to 65.27 when rock bar disconnect occurs and 
then pumping to Pool 1 occurs 
Water below 63.65 not accessible. Effective dead storage 479.06 ML  

 
 
 
 
 
 
 
 
 
 
 
 



NSW Urban Water Services                                                                                 6 June 2019
 

 
Page 6 of 11 

Table 8 provides the modelled water surface areas for Pool 1. 
 
             Table 8:  Pool 1 Storage Volume - Surface Area   
 
 

Storage 
Level 

RL (mAHD) 

Storage 
Volume  

 ML 

Water Surface Area  
km2 

66.65 1582.022 0.524132 
66.15 1326.13 0.499777 
65.65 1082.776 0.473322 
64.65 640.6301 0.413094 
63.65 268.4905 0.322161 
63.15 27.84188 0.102611 
63.05 18.15925 0.093528 
62.95 10.67487 0.062263 
62.85 4.68125 0.058409 

Water below 63.65 not accessible. Effective dead storage 268.49 ML 

 
 
 
Flows 
 
Flows were available for the two gauging stations:  
 

1. 425008 Darling River at Wilcannia Main Channel 
2. 425018  Talyawalka Creek at Barrier Highway (Wilcannia) 

 
and the total flow at Wilcannia (being a combination of the two gauging station flows). 
 
For the secure yield modelling only the main channel flows have been used as it was 
considered these better represent the inflows to the weir pool.  The other gauging station 
appears to record flows on the floodplains that may bypass the weir. 
 
The main channel gauging station (based on information on DPI Office of Water website) is 
understood to be just downstream of the weir.   Observed daily flows were available for the 
station from 6/6/1913 (to 30/5/2016) but with missing data as indicated in Table 9. 
 
                                       Table 9:  Missing Daily Flows (425008) 
 

Days of Missing Daily Flows 
 

1/11/1913 – 28/2/1914 
1/10/1914 – 30/4/1915 
1/7/1915 – 31/7/1915 
1/12/1915 – 1/2/1916 
1/6/1918 – 31/8/1918 

1/12/1918 – 31/12/1918 
1/4/1919 – 31/8/1919 
1/4/1920 – 31/5/1920 
1/3/1923 – 30/9/1923 

1/12/1943 – 31/12/1943 
1/10/1947 – 31/12/1947 
1/9/1948 – 31/10/1948 
1/4/1949 – 30/6/1949 

20/10/2004 – 7/11/2004 
6/12/2004 – 1/1/2005 
1/7/2011 – 21/7/2011 
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PWD 1987 reported periods of more than two months   when the flow ceased at Wilcannia. 
These are provided in Table 10. 
 
Table 10:  Periods Greater Than Two Months With No Flow 
 

Year Months Number of Months 
1888* June 1988 to January 1889 8 
1902* January to December (362 days) 11 
1919 January to March 3 
1919 September 1919 to March 1920 7 
1923 February to June 4 
1940 October to December 3 
1945 January to March 3 

1982/83 September 1982 to February 1983 6 
* Denotes period before actual gauge readings were taken and the no flow conditions here are estimated. 
 
 
These periods of zero flows were replaced in the IQQM flow series and the IQQM flow 
series that were merged with the data recorded at the gauging station (425008). 
 
It is noted that the extent of the periods of no flows were different to that for the gauging 
station. For example for the gauging station for the 1982/83 drought only 79 days of zero 
flows were recorded.   This may be a reflection that if the weir was leaking the downstream 
gauge may have been recording that leakage. 
 
 
Storage Behaviour 
 
Figures 1 to 3 provides behaviour diagrams for a repeat of the historic climate supplying 
annual demands (with restrictions applied in accordance with the 5/10/10 rules) that equate 
to the secure yields for the modelled storage cases using the observed historic flows.  
 
Figure 1: Storage Behaviour - 1m Raising- Constrained Transfer 
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Figure 2: Storage Behaviour - 0.5 m Raising 
 

 
 
 
 
 
Figure 3: Storage Behaviour – 1.0 m Raising – Unconstrained Transfer 
 

 
 
 
 
 
 
 
Other Considerations 
 
Currently no leakage is considered in the modelling. 
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ATTACHMENT A 
Model Results for 15 GCMs Evaporation and Rainfall Storage Surface Area and corresponding Historic Flows with Extended Critical Drought 
 
Run 700 – 1m Raising- Constrained Transfer 
 
Wilcannia, Run 700CC F:\Results\Wilcannia\Data\ClimateChangeExtended\WILC_STOR_ 

   Time: 05/06/2019 12:20:13 PM 
  

Restricted Critical Drought 
  

Run 
Storage 
Capacity 

Secure 
Yield 

% Restricted 
at 

% of 
duration 

% of 
years Start End 

HISTORICAL 1 5540.702178 636 70 2.06 8.70 31/12/1901 24/02/1903 

 
2 5540.702178 545 70 2.11 9.57 31/12/1901 24/02/1903 

  
 

3 5540.702178 555 70 2.09 9.57 31/12/1901 24/02/1903 
  

 
4 5540.702178 636 70 2.07 9.57 31/12/1901 24/02/1903 

  LOWEST 5 5540.702178 520 70 2.06 9.57 31/12/1901 24/02/1903 

 
6 5540.702178 624 70 2.09 9.57 31/12/1901 24/02/1903 

  
 

7 5540.702178 563 70 2.08 9.57 31/12/1901 24/02/1903 
  

 
8 5540.702178 636 70 2.09 9.57 31/12/1901 24/02/1903 

  9 5540.702178 636 70 2.07 9.57 31/12/1901 24/02/1903 

 
10 5540.702178 583 70 2.11 9.57 31/12/1901 24/02/1903 

  
 

11 5540.702178 572 70 2.11 9.57 31/12/1901 24/02/1903 
  

 
12 5540.702178 636 70 2.07 8.70 31/12/1901 24/02/1903 

  13 5540.702178 622 70 2.09 9.57 31/12/1901 24/02/1903 
MEDIAN 14 5540.702178 587 70 2.09 9.57 31/12/1901 24/02/1903 

  
 

15 5540.702178 579 70 2.10 9.57 31/12/1901 24/02/1903 
  

 
16 5540.702178 636 70 2.09 9.57 31/12/1901 24/02/1903 

  
10/15/25 5 5540.702178 636 75 2.70 13.91 31/12/1901 24/02/1903 
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Run 703 – 0.5m Raising 
 
Wilcannia, Run 703CC F:\Results\Wilcannia\Data\ClimateChangeExtended\WILC_STOR_ 
Time: 06/06/2019 11:39:03 AM 

  
Restricted Critical Drought 

 

 
Run 

Storage 
Capacity 

Secure 
Yield 

% Restricted 
at 

% of 
duration 

% of 
years Start End 

 HISTORICAL 1 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 
 2 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 

3 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 

 
4 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 

 
 

5 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 
 6 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 

7 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 
MEDIAN 8 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 

 
 

9 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 
 10 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 

11 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 

 
12 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 

 
 

13 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 
 14 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 

LOWEST 15 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 

 
16 4420.550005 0 0 0.00 0.00 31/12/1901 24/02/1903 

 
          10/15/25 15 4420.550005 75 75 2.79 14.78 31/12/1901 24/02/1903 
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Run 702 – 1.0 m Raising – Unconstrained Transfer 
 
Wilcannia, Run 702CC F:\Results\Wilcannia\Data\ClimateChangeExtended\WILC_STOR_ 
Time: 06/06/2019 10:45:49 AM 

  
Restricted Critical Drought 

  

 
Run 

Storage 
Capacity 

Secure 
Yield 

% Restricted 
at 

% of 
duration 

% of 
years Start End 

  HISTORICAL 1 5540.702178 677 70 2.09 9.57 31/12/1901 24/02/1903 
  2 5540.702178 545 70 2.11 9.57 31/12/1901 24/02/1903 

3 5540.702178 555 70 2.09 9.57 31/12/1901 24/02/1903 

 
4 5540.702178 645 70 2.08 9.57 31/12/1901 24/02/1903 

  LOWEST 5 5540.702178 520 70 2.06 9.57 31/12/1901 24/02/1903 
  6 5540.702178 624 70 2.09 9.57 31/12/1901 24/02/1903 

7 5540.702178 563 70 2.08 9.57 31/12/1901 24/02/1903 

 
8 5540.702178 649 70 2.10 9.57 31/12/1901 24/02/1903 

  
 

9 5540.702178 644 70 2.08 9.57 31/12/1901 24/02/1903 
  10 5540.702178 583 70 2.11 9.57 31/12/1901 24/02/1903 

11 5540.702178 572 70 2.11 9.57 31/12/1901 24/02/1903 

 
12 5540.702178 669 70 2.09 9.57 31/12/1901 24/02/1903 

  
 

13 5540.702178 622 70 2.09 9.57 31/12/1901 24/02/1903 
  MEDIAN 14 5540.702178 587 70 2.09 9.57 31/12/1901 24/02/1903 

15 5540.702178 579 70 2.10 9.57 31/12/1901 24/02/1903 

 
16 5540.702178 644 70 2.10 9.57 31/12/1901 24/02/1903 

  
           10/15/25 5 5540.702178 924 75 2.95 14.78 31/12/1901 24/02/1903 
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   MEMORANDUM 
  

TO          
 
Glenn Fernandes 
Principal Engineer – Planning (Water Utilities) 
NSW Public Works Advisory 

CC  

FROM Peter Cloke,  Principal Hydrologist 

DATE 3  May 2019 

SUBJECT Secure Yield Assessment for  
Wilcannia Water Supply:  Progress Report 5 

 

 
 
Following the teleconference on the 1 April 2019 and additional model runs as requested 
have been undertaken based using storage details that have been revised*  from that used 
from the previously reported cases ( see Progress Report 3 of 22 March 2019).  
 
The revised storage details were provided in several emails from you over 15 to 17 April 
2019.. 
  
This Progress Report follows on from that of 22 March 2019 and earlier ones and these 
should be referred to for further information on data and assumptions. 
 
It is noted the results provided herein are based on the conditions and assumptions 
as provided in this and previous Progress Reports. 

 

 

 

Summary 
Historic Climate 
 
Table 1 provides secure yield estimates for the proposed new downstream weir replacing 
the existing weir resulting in a one large weir pool that becomes disconnected to three 
separate pools as the water level draws down for the proposed new weir crest height of    
65.65 RL (mAHD) and for it raised by 0.5 and 1 m.  
 
 
* It is noted that since the runs were completed PWA have advised that the storage details may 
change  
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Table 1:   Secure Yield Estimates (Historic Climate) – Sensitivity to Raising  
 

Total 
Weir 

Storage 
 

ML 

 
Run 
No 

 
New Weir 
Crest RL  

mAHD 

 
Secure 
Yield 
ML/a 

Max 
Transfer 

from 
Storage 

ML/d 
 

 
Restrictions 

Critical 
Drought 

 
Applied 

at 
storage 
(% full) 

Duration 
(%) 

% of 
Years 

From To 

5540 600 66.65  636 2.59 65 1.45 6.50 31/12/1901 31/12/1902 
4420 601 66.15  636 2.59 60 1.51 7.32 31/12/1901 31/12/1902 
3368 604 65.65 399 1.62 60 1.78 9.76 30/12/1901 31/12/1902 

Discussion: 
1. Runs 600 and 601 secure yield constrained by the 30 l/s  (2.59 ML/d) transfer capacity from the weir to supply 
Assumptions: 
1. No releases required from weir 
2. Wilcannia Potable Demand Pattern 
3. IQQM flows merged with observed flows and selected Historic Flows Set to zero based on periods of zero 

flows reported in PWD1987. 
4. Storage Details as provided by PWA  15-17/4/2019. 
5. See main Discussion Section for storage details and how operated. 
 
 
For the 0.5 and 1 m raising cases it was found that the Secure Yield was constrained by the 
specified existing transfer capacity and thus these two cases were rerun with unconstrained 
transfer capacity to establish the potential benefits in yield  between  the two raisings. The 
results are provided in Table 2. 
 
 
Table 2:   Secure Yield Estimates (Historic Climate) – Unconstrained Transfer Raising  
 

Total 
Weir 

Storage 
 

ML 

 
Run 
No 

 
New Weir 
Crest RL  

mAHD 

 
Secure 
Yield 
ML/a 

Max 
Transfer 

from 
Storage 

ML/d 
 

 
Restrictions 

Critical 
Drought 

 
Applied 

at 
storage 
(% full) 

Duration 
(%) 

% of 
Years 

From To 

5540 602 66.65  1632 6.64 60 1.66 8.13 31/12/1901 31/12/1902 
4420 603 66.15  1052 4.28 60 1.82 9.76 31/12/1901 31/12/1902 

Assumptions: 
1. No releases required from weir 
2. Wilcannia Potable Demand Pattern 
3. IQQM flows merged with observed flows and selected Historic Flows Set to zero based on periods of zero 

flows reported in PWD1987. 
4. Storage Details as provided by PWA  15-17/4/2019. 
5. See main Discussion Section for storage details and how operated. 

 
 
Climate Change 
 
The historic climate secure yields would be reduced by Climate Warming. However it was 
not feasible to employ the procedures to assess the reduction in Secure Yield  for 1oC 
climate warming scenario as given in the DoI Water draft guidelines “Assuring future urban 
water security, Assessment and Adaption guidelines for NSW local water utilities”.   
 
It was beyond the scope of the original study to do climate change flow modelling due to 
the flows being provided from the DPI Water IQQM model which encapsulated several 
models and covered a catchment area of some 570,000 km2.   
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It is noted as the catchment upstream is heavily regulated and subject to water sharing 
plans it may be that the potentially reduced inflows from climate change may be mitigated 
as suggested by the IQQM modelled flows providing higher secure yields than with the 
IQQM modelled flows being adjusted for the historic flows. 
 
Towards making an assessment of potential reduction  as suggested by DoI Water,  the 
critical drought  of no inflows was extended by an additional 15% (55 days) and  modelling 
was undertaken using the historic climate flow series but with the extended critical drought 
plus considering changes in evaporation and rainfall over the storages water surface areas 
for 1 oC climate warming.   
 
Table 3  provides the historic secure yields(with constrained transfer)  adjusted for 1 oC 
Climate warming  in based on the above which somewhat follows the concepts in DPI 
Water’s  “Assuring future urban water security, Assessment and Adaption guidelines for 
NSW local water utilities”. The individual results for the 15 GCMs and corresponding 
historic data base are provided in Attachment A. 
 
 
Table 3:  Preliminary Secure Yield Estimates Adjusted for Climate Change  
 

 
Case 

 
Proposed New 
Weir with Crest 

65 .65 RL 
m AHD 

 
Historic 

Secure Yield 
ML/a 

 
Adjustment Factor for 

Climate Change 

 
Secure Yield with 

1 oC Climate 
Warming 

ML/a 
Run 602 1 m raising 1632 0.95977 1566 

Run 603 0.5 m raising 1052 0.82995 873 

Run 604 No raising 399 0.9507 379 
 
 
It was judged the results in Table 3 following in  effect the guideline procedures did not fully 
capture the influence of reduced flows from climate change and that it may be more 
appropriate to use a historic secure yield based on the extended critical drought as shown 
in Table 4. 
 
 
Table 4:  Refined Preliminary Secure Yield Estimates Adjusted for Climate Change  
 

 
Case 

 
Proposed New 
Weir with Crest  

65 .65 RL 
m AHD 

 
Historic 

Secure Yield using 
extended critical 

drought  
ML/a 

 
Adjustment Factor 
for Climate Change 

 
Secure Yield 

with 1 oC 
Climate 

Warming 
ML/a 

Run 602CCHis 1 m raising 1243 0.95977 1193 

Run 603CCHis 0.5 m raising 641 0.82995 532 

Run 604CCHis No raising 203 0.9507 193 
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Discussion 
 
Demand Patterns 
 
Table 5 provides   the monthly demand pattern used to reflect seasonality. As agreed it was 
based on the PWA provided potable water demand patterns for Wilcannia. The previous 
modelling suggested the secure yield would not be expected to be sensitive to the likely 
patterns. Furthermore use of this pattern then allowed direct comparison to previous cases 
modelled.  
 
 Table 5:  Demand Patterns 
 

Pattern Monthly Demand % of Total Annual Demand 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

Wilcannia 
Potable  

6.4 6.4 7.18 9.20 10.61 11.38 12.62 8.76 9.20 6.87 5.77 5.63 

 
 
 
Storages 
 
In the model  the large new weir pool  to reflect the disconnect between  the 3 rock bar 
pools and that the existing weir would be removed was delineated as three separate  pools: 
 

1. Pool 3 -  the most upstream pool above rock bar at 65.62   RL (mAHD) between 
chainage 30.12 km and 49.2 km upstream of existing weir 

2. Pool 2 -  the pool  downstream of pool 2 to  the rock bar at 65.18 RL (mAHD) 
between chainage 5.43 km and 30.12 km upstream of existing weir    

3. Pool 1 (Wilcannia) -  the  new weir pool  to the rock bar  @ 5.43 km upstream of 
existing weir. 

 
In the model the inflows flow into Pool 3 and then spills into Pool 2 and then into Pool 1.  
Evaporation losses are applied to all three 3 pools water surface areas.  Water is extracted  
from Pool 1   which in effect draws water from  the other two pools until the disconnects 
occur when water is below the respective  rock bar crest levels. However for Pool 2 it is 
assumed water can be pumped into Pool 1 (and the model keeps track of this) when its 
level is below its rock bar crest level. 
   
 
Table 6 provides the modelled water surface areas for Pool 3. 
 
             Table 6:  Pool 3 Storage Volume - Surface Area   
 

Storage 
Level 

RL (mAHD) 

Storage 
Volume  

 ML 

Water Surface Area 
km2 

66.65 1011.2 0.733887 
66.15 657.38 0.680605 
65.65 332.63 0.616593 
65.59 295.94 0.60735 
65.52 253.85 0.596059 
65.27 110.59 0.550147 
65.18 62.15 0.528862 

Water accessible down to 65.52 when rock bar disconnect occurs 
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Table 7 provides the modelled water surface areas for Pool 2. 
 
             Table 7:  Pool 2 Storage Volume - Surface Area   
 
 

Storage 
Level 

RL (mAHD) 

Storage 
Volume  

 ML 

Water Surface Area 
km2 

66.65 2947.48 1.046495 
66.15 2437.04 0.996046 
65.65 1952.96 0.94003 
65.59 1896.82 0.932561 
65.52 1831.92 0.923664 
65.27 1605.6 0.88935 
65.18 1526.46 0.874402 
65.02 1390.08 0.827104 
64.91 1303.75 0.801804 
64.65 1102.54 0.75646 
64.5 986.45 0.73300 
64.15 759.46 0.615860 

64 662.18 0.56680 
63.65 479.06 0.50576 

Water accessible down to 65.27 when rock bar disconnect occurs 
and then pumping to Pool 1 occurs 

 
 
 
Table 8 provides the modelled water surface areas for Pool 1. 
 
             Table 8:  Pool 1 Storage Volume - Surface Area   
 
 

Storage 
Level 

RL (mAHD) 

Storage 
Volume  

 ML 

Water Surface Area 
km2 

66.65 1582.022 0.524132 
66.15 1326.13 0.499777 
65.65 1082.776 0.473322 
64.65 640.6301 0.413094 
63.65 268.4905 0.322161 
63.15 27.84188 0.102611 
63.05 18.15925 0.093528 
62.95 10.67487 0.062263 
62.85 4.68125 0.058409 

 
 
 
Flows 
 
Flows were available for the two gauging stations:  
 

1. 425008 Darling River at Wilcannia Main Channel 
2. 425018  Talyawalka Creek at Barrier Highway (Wilcannia) 

 
and the total flow at Wilcannia (being a combination of the two gauging station flows). 
 
For the secure yield modelling only the main channel flows have been used as it was 
considered these better represent the inflows to the weir pool.  The other gauging station 
appears to record flows on the floodplains that may bypass the weir. 
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The main channel gauging station (based on information on DPI Office of Water website) is 
understood to be just downstream of the weir.   Observed daily flows were available for the 
station from 6/6/1913 (to 30/5/2016) but with missing data as indicated in Table 9. 
 
                                       Table 9:  Missing Daily Flows (425008) 
 

Days of Missing Daily Flows 
 

1/11/1913 – 28/2/1914 
1/10/1914 – 30/4/1915 
1/7/1915 – 31/7/1915 
1/12/1915 – 1/2/1916 
1/6/1918 – 31/8/1918 

1/12/1918 – 31/12/1918 
1/4/1919 – 31/8/1919 
1/4/1920 – 31/5/1920 
1/3/1923 – 30/9/1923 

1/12/1943 – 31/12/1943 
1/10/1947 – 31/12/1947 
1/9/1948 – 31/10/1948 
1/4/1949 – 30/6/1949 

20/10/2004 – 7/11/2004 
6/12/2004 – 1/1/2005 
1/7/2011 – 21/7/2011 

 
 
 
PWD 1987 reported periods of more than two months   when the flow ceased at Wilcannia. 
These are provided in Table 10. 
 
Table 10:  Periods Greater Than Two Months With No Flow 
 

Year Months Number of Months 
1888* June 1988 to January 1889 8 
1902* January to December (362 days) 11 
1919 January to March 3 
1919 September 1919 to March 1920 7 
1923 February to June 4 
1940 October to December 3 
1945 January to March 3 

1982/83 September 1982 to February 1983 6 
* Denotes period before actual gauge readings were taken and the no flow conditions here are estimated. 
 
 
These periods of zero flows were replaced in the IQQM flow series and the IQQM flow 
series that were merged with the data recorded at the gauging station (425008). 
 
It is noted that the extent of the periods of no flows were different to that for the gauging 
station. For example for the gauging station for the 1982/83 drought only 79 days of zero 
flows were recorded.   This may be a reflection that if the weir was leaking the downstream 
gauge may have been recording that leakage. 
 
 
Storage Behaviour 
 
Figures 1 to 3 provides behaviour diagrams for a repeat of the historic climate supplying 
annual demands (with restrictions applied in accordance with the 5/10/10 rules) that equate 
to the secure yields for the modelled storage cases using the observed historic flows.  
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Figure 1: Storage Behaviour - 1m Raising 
 

 
 
 
Figure 2: Storage Behaviour - 0.5 m Raising 
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Figure 3: Storage Behaviour – 0.0 m Raising 
 

 
 
 
 
 
 
It is noted the drawdowns shown for the  Pools 2 and 3  are a result of evaporation and not 
extractions from the pools.  For a repeat of the historic flows  pumping is not required from 
Pool 2, pumping is only required to get through the worse droughts that are required to be 
considered for Secure Yield determination. For this case all the storages are assumed to be 
drawndown to 60% full ( to satisfy 5/10/10 rule) at the start of all the historic droughts and 
90% of demand has to still be supplied. 
 
 
Table 11 summarises the days and amounts pumped from Pool 2 for the critical drought 
runs ( ie  60% storages volume only available for repeat of historic droughts). 
 
 
Table 11:  Pumping Required from Pool 2  from Worse Droughts  
 

Case Run No  of 
Days Period Average Pumping 

ML/d 
600 2 10/1/1903 – 11/2/1903 2.18 

 

601 59 14/11/1902 – 11/1/1903 2.05 
110 28/4/2007 – 24/8/2007 1.10 

 

602 

196 2/7/1902 – 13/1/1903 4.16 
77 23/1/1920 – 8/4/1920 4.47 
55 22/1/1983 – 17/3/1983 4.77 
58 5/2/2003 – 3/4/2003 4.31 

213 20/1/2007 – 26/8/2007 3.50 
11 10/1/2009 – 20/1/2009 5.65 
13 21/2/2015 – 5/3/2015 4.23 

 
603 196 16/8/1902 – 1/4/1920 2.86 

 

604 30 11/12/1902 – 10/1/1903 1.33 
57 27/6/2007 – 24/8/2007 0.73 
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Other Considerations 
 
Currently no leakage is considered in the modelling. 
 
No dead storage  has been included. 
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ATTACHMENT A 
Model Results for 15 GCMs Evaporation and Rainfall Storage Surface Area and corresponding Historic Flows with Extended Critical Drought 
 
Run 602 – 1m Raising 
 
Wilcannia, Run 602CC F:\Results\Wilcannia\Data\ClimateChangeExtended\WILC_STOR_ 

  Time: 23/04/2019 11:57:30 PM 
  

Restricted Critical Drought 
 

Run 
Storage 
Capacity 

Secure 
Yield 

% Restricted 
at 

% of 
duration 

% of 
years Start End 

HISTORICAL 1 5540.702178 1243 65 1.97 7.83 31/12/1901 24/02/1903 
LOWEST 2 5540.702178 1166 65 2.02 8.70 31/12/1901 24/02/1903 

 
 

3 5540.702178 1178 65 2.01 8.70 31/12/1901 24/02/1903 
 

 
4 5540.702178 1215 65 1.96 7.83 31/12/1901 24/02/1903 

 5 5540.702178 1174 65 2.01 9.57 31/12/1901 24/02/1903 

 
6 5540.702178 1193 65 1.97 7.83 31/12/1901 24/02/1903 

 
 

7 5540.702178 1185 65 2.00 9.57 31/12/1901 24/02/1903 
 

 
8 5540.702178 1220 65 1.99 8.70 31/12/1901 24/02/1903 

 9 5540.702178 1213 65 1.96 7.83 31/12/1901 24/02/1903 

 
10 5540.702178 1187 65 2.01 8.70 31/12/1901 24/02/1903 

 
 

11 5540.702178 1183 65 2.02 8.70 31/12/1901 24/02/1903 
 

 
12 5540.702178 1239 65 1.97 7.83 31/12/1901 24/02/1903 

 13 5540.702178 1214 65 1.99 8.70 31/12/1901 24/02/1903 
MEDIAN 14 5540.702178 1193 65 2.00 8.70 31/12/1901 24/02/1903 

 
 

15 5540.702178 1181 65 2.00 8.70 31/12/1901 24/02/1903 
 

 
16 5540.702178 1218 65 1.99 8.70 31/12/1901 24/02/1903 

 
10/15/25 2 5540.702178 1643 70 2.79 14.78 31/12/1901 24/02/1903 
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Run 603 – 0.5m Raising 
 
 
 
Wilcannia, Run 603CC F:\Results\Wilcannia\Data\ClimateChangeExtended\WILC_STOR_ 

  Time: 23/04/2019 9:02:43 PM 
  

Restricted Critical Drought 
 

 
Run 

Storage 
Capacity 

Secure 
Yield 

% Restricted 
at 

% of 
duration 

% of 
years Start End 

 HISTORICAL 1 4420.550005 641 65 2.09 9.57 31/12/1901 24/02/1903 
2 4420.550005 492 65 2.08 9.57 31/12/1901 24/02/1903 

 
3 4420.550005 501 65 2.07 9.57 31/12/1901 24/02/1903 

 
 

4 4420.550005 647 65 2.11 9.57 31/12/1901 24/02/1903 
 LOWEST 5 4420.550005 488 60 1.65 6.09 31/12/1901 24/02/1903 

6 4420.550005 577 65 2.08 9.57 31/12/1901 24/02/1903 

 
7 4420.550005 502 60 1.65 6.09 31/12/1901 24/02/1903 

 
 

8 4420.550005 592 65 2.08 9.57 31/12/1901 24/02/1903 
 9 4420.550005 631 65 2.09 9.57 31/12/1901 24/02/1903 

10 4420.550005 528 65 2.08 9.57 31/12/1901 24/02/1903 

 
11 4420.550005 518 65 2.09 9.57 31/12/1901 24/02/1903 

 
 

12 4420.550005 642 65 2.10 9.57 31/12/1901 24/02/1903 
 13 4420.550005 549 65 2.06 9.57 31/12/1901 24/02/1903 

MEDIAN 14 4420.550005 532 65 2.07 9.57 31/12/1901 24/02/1903 

 
15 4420.550005 525 65 2.08 9.57 31/12/1901 24/02/1903 

 
 

16 4420.550005 593 65 2.08 9.57 31/12/1901 24/02/1903 
 

10/15/25 5 4420.550005 989 70 2.95 14.78 31/12/1901 24/02/1903 
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Run 604 – 0.0 m Raising 
 
 
Wilcannia, Run 604CC F:\Results\Wilcannia\Data\ClimateChangeExtended\WILC_STOR_ 
Time: 26/04/2019 12:07:56 PM 

  
Restricted Critical Drought 

 

 
Run 

Storage 
Capacity 

Secure 
Yield 

% Restricted 
at 

% of 
duration 

% of 
years Start End 

 HISTORICAL 1 3368.365554 203 60 1.76 6.09 31/12/1901 24/02/1903 
 LOWEST 2 3368.365554 187 60 1.82 6.09 30/12/1901 24/02/1903 

 
3 3368.365554 189 60 1.81 6.09 31/12/1901 24/02/1903 

 
 

4 3368.365554 198 60 1.78 6.09 31/12/1901 24/02/1903 
 

 
5 3368.365554 189 60 1.79 6.09 31/12/1901 24/02/1903 

 6 3368.365554 194 60 1.78 6.09 31/12/1901 24/02/1903 

 
7 3368.365554 191 60 1.79 6.09 31/12/1901 24/02/1903 

 
 

8 3368.365554 198 60 1.77 6.09 31/12/1901 24/02/1903 
 

 
9 3368.365554 197 60 1.78 6.09 31/12/1901 24/02/1903 

 10 3368.365554 191 60 1.80 6.09 31/12/1901 24/02/1903 

 
11 3368.365554 190 60 1.81 6.09 31/12/1901 24/02/1903 

 
 

12 3368.365554 202 60 1.76 6.09 31/12/1901 24/02/1903 
 

 
13 3368.365554 197 60 1.78 6.09 31/12/1901 24/02/1903 

 MEDIAN 14 3368.365554 193 60 1.80 6.09 31/12/1901 24/02/1903 

 
15 3368.365554 190 60 1.80 6.09 31/12/1901 24/02/1903 

 
 

16 3368.365554 197 60 1.78 6.09 31/12/1901 24/02/1903 
 

          10/15/25 2 3368.365554 259 65 2.39 12.17 30/12/1901 24/02/1903 
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   MEMORANDUM 
  

TO          
 
Glenn Fernandes 
Principal Engineer – Planning (Water Utilities) 
NSW Public Works Advisory 

CC  

FROM Peter Cloke,  Principal Hydrologist 

DATE 22 March 2019 

SUBJECT Secure Yield Assessment for  
Wilcannia Water Supply:  Progress Report 3 

 

 
With reference to your recent emails the additional requested 6 cases of the proposed new 
weir have been modelled and the results are provided herein. 
  
This Progress Report follows on from that of 24 July 2017 and 13 September 2017 and 
these should be referred to for further information on data and assumptions. 

Summary 
 
Table 1 provides secure yield estimates for the proposed new downstream weir replacing 
the existing weir resulting in a weir pool of some 1200 ML to the proposed new weir crest 
height of    65.65 RL (mAHD).  
 
Table 1:   Secure Yield Estimates (Historic Climate) – Sensitivity to Flow Series  
 

 
Weir 

Storage 
 

ML 

 
Run 
No 

 
Flow 

Series 

 
Secure 
Yield 
ML/a 

Max 
Transfer 

from 
Storage 

ML/d 
 

 
Restrictions 

Critical 
Drought 

 
Applied 

at 
storage 
(% full) 

Duration 
(%) 

% of 
Years 

From To 

1210 Set501 IQQM 636 2.59 - - - - - 

1210 Set511 IQQM 
factored* 636 2.59 - - - - - 

1210 Set541 IQQM 
merged** 301 1.23 65 1.71 9.76 31/12/1901 31/12/1902 

Discussion: 
1. *IQQM flows below 280 ML/d factored by 0.7 as NOW IQQM model report suggests from calibration low 

flows (below about 90%ile) appear to be overestimated by up to about 30%. 
2. **IQQM flows merged with observed flows to present 2016 (ie observed flows used in preference to 

modelled flows) and selected Historic Flows set to zero based on periods of zero flows reported in 
PWD1987. 

3. Runs Set501 and Set511 secure yield constrained by the 30 l/s transfer capacity from the weir to supply 
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Assumptions: 
1. No releases required from weir 
2. Wilcannia Potable Demand Pattern 
3. IQQM flows merged with observed flows and selected Historic Flows Set to zero based on periods of zero 

flows reported in PWD1987. 
4. Storage Details as provided by PWA. 
5. Only considered 1210 ML river weir storage. 
 
 
The  use of the IQQM modelled flows ( without the observed historic flows)  results in 
higher secure yields  and this may be a consequence  of  allowing for upstream releases 
and water sharing plans  in the IQQM modelling undertaken by NSW Office of Water. 
However considering potential modelling uncertainty and potential uncontrollability of 
upstream use, it is judged incorporating the observed historic flows adds appropriate 
relative conservatism for estimating Secure Yield. 
 
The previous comparable run to Run Set 541 was Set341 (see PR 13/9/2017), this gave a 
Secure Yield of 114 ML/a for the existing weir.  Thus the proposed new weir has resulted in 
an increase of 187 ML/a. Some of this increase will be due to in effect increasing the 
storage behind the existing weir from the higher RL of the lower weir crest. 
 
Table 2 provides the secure yield estimates from considering the upstream weir pool and 
the new weir for different release rules.  
 
 
Table 2:  Secure Yield Estimates (Historic Climate) with Releases or Upstream Pool 
 

 
Storage 

 
ML 

 
Run 
No 

 
Flow 

Series 

 
Secure 
Yield 
ML/a 

 
Max 

Transfer 
from 

Storage 
ML/d 

 

 
Restrictions 

 
Critical 
Drought 

 
Applied 

at 
storage 
(% full) 

Duration 
(%) 

% of 
Years 

From To 

New Weir pool (1210 ML) Release 50% of daily inflow when weir not spilling (ie below weir crest): 

 
1210 

 

 
554 

 
See 1 
below 

 

 
301 

 
1.23 

 
65 

 
1.81 

 
9.76 

 
31/12/1901 

 
31/12/1902 

New Weir pool (1210 ML) Release 20% of daily inflow when weir not spilling (ie below weir crest): 

 
1210 

 
555 

 
See 1 
below 

 
301 

 
1.23 

 
65 
 

 
1.74 

 

 
9.76 

 
31/12/1901 

 
31/12/1902 

New Weir pool (470 ML) plus upstream pool (1297 ML)  No releases Required (Upstream Pool used when weir 
pool empty) 

 
2507 

 
553 

 
See 1 
below 

 
555 

 
2.26 

 
60 

 
1.80 

 
9.76 

 
31/12/1901 

 
31/12/1902 

Assumptions: 
1. IQQM flows merged with observed flows and selected Historic Flows Set to zero based on periods of zero 

flows reported in PWD1987. 
2. Wilcannia Potable Demand Pattern. 
3. Storage Sizes as provided by PWA. 

 
 The results show no difference in Secure Yield for the new weir with or without the 
nominated releases, only a slight change in duration of restrictions but all well within the 5% 
allowed from the 5/10/10 rule.  The no difference appears to be reflection that for the critical 
drought (31/12/1901 to 31/12/1902) there is no inflow. 
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The results suggest that with the proposed new weir,  pumping from  the upstream pool is 
required in order to meet the future annual demands of 455 to 483 ML/a  for years 2021 to 
2047 on a secure yield basis. 
 
 
Discussion 
 
Demand Patterns 
 
Table 3 provides   the monthly demand pattern used to reflect seasonality. As agreed it was 
based on the PWA provided potable water demand patterns for Wilcannia. The previous 
modelling suggested the secure yield would not be expected to be sensitive to the likely 
patterns. Furthermore use of this pattern then allowed direct comparison to previous cases 
modelled.  
 
 
         Table 3:  Demand Patterns 
 

Pattern Monthly Demand % of Total Annual Demand 
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

Wilcannia 
Potable  

6.4 6.4 7.18 9.20 10.61 11.38 12.62 8.76 9.20 6.87 5.77 5.63 

 
 
 
Storages 
 
Table 4 provides the modelled water surface areas for the proposed new weir pool. 
 
             Table 4:  New Weir Pool Storage Volume - Surface Area   
 

Storage 
Level 

RL (mAHD) 

Storage 
Volume  

 ML 

Water Surface Area 
km2 

65.65 1209.926 0.516391 
65.15 854.6279 0.44828 
64.65 640.6301 0.430254 
64.15 443.6787 0.411689 
63.65 268.4905 0.377121 
63.15 128.1044 0.313811 
63.05 105.0968 0.303928 
62.95 84.28737 0.271863 
62.85 64.96875 0.267209 

 Combined with existing weir pool 

 
 
 
 
 
 
 
The pool immediately upstream of the existing weir pool rock bar was previously advised by 
PWA to be 1297 ML and the water surface areas modelled are provided in Table 5. 
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 Table 5:  Upstream Rock Bar Pool Storage Volume - Surface Area   
 

Storage Volume  
 ML 

Water Surface Area 
km2 

1380 0.84 
992 0.713714 
667 0.588304 
405 0.462227 
205 0.340849 
87 0.144909 
18 0.131205 
0 0.05435 

 Based on Table B.1.2  PWD1987 and initial top 
water surface area  

 
 
Flows 
 
Flows were available for the two gauging stations:  
 

1. 425008 Darling River at Wilcannia Main Channel 
2. 425018  Talyawalka Creek at Barrier Highway (Wilcannia) 

 
and the total flow at Wilcannia (being a combination of the two gauging station flows). 
 
For the secure yield modelling only the main channel flows have been used as it was 
considered these better represent the inflows to the weir pool.  The other gauging station 
appears to record flows on the floodplains that may bypass the weir. 
 
The main channel gauging station (based on information on DPI Office of Water website) is 
understood to be just downstream of the weir.   Observed daily flows were available for the 
station from 6/6/1913 (to 30/5/2016) but with missing data as indicated in Table 6. 
 
                                       Table 6:  Missing Daily Flows (425008) 
 

Days of Missing Daily Flows 
 

1/11/1913 – 28/2/1914 
1/10/1914 – 30/4/1915 
1/7/1915 – 31/7/1915 
1/12/1915 – 1/2/1916 
1/6/1918 – 31/8/1918 

1/12/1918 – 31/12/1918 
1/4/1919 – 31/8/1919 
1/4/1920 – 31/5/1920 
1/3/1923 – 30/9/1923 

1/12/1943 – 31/12/1943 
1/10/1947 – 31/12/1947 
1/9/1948 – 31/10/1948 
1/4/1949 – 30/6/1949 

20/10/2004 – 7/11/2004 
6/12/2004 – 1/1/2005 
1/7/2011 – 21/7/2011 

 
 
 
PWD 1987 reported periods of more than two months   when the flow ceased at Wilcannia. 
These are provided in Table 7. 
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Table 7:  Periods Greater Than Two Months With No Flow 
 

Year Months Number of Months 
1888* June 1988 to January 1889 8 
1902* January to December (362 days) 11 
1919 January to March 3 
1919 September 1919 to March 1920 7 
1923 February to June 4 
1940 October to December 3 
1945 January to March 3 

1982/83 September 1982 to February 1983 6 
* Denotes period before actual gauge readings were taken and the no flow conditions here are estimated. 
 
 
These periods of zero flows were replaced in the IQQM flow series and the IQQM flow 
series that were merged with the data recorded at the gauging station (425008). 
 
It is noted that the extent of the periods of no flows were different to that for the gauging 
station. For example for the gauging station for the 1982/83 drought only 79 days of zero 
flows were recorded.   This may be a reflection that if the weir was leaking the downstream 
gauge may have been recording that leakage. 
 
 
Storage Behaviour 
 
Figures 1 to 4 provides behaviour diagrams for a repeat of the historic climate supplying 
annual demands (with restrictions applied in accordance with the 5/10/10 rules) that equate 
to the secure yields for the modelled storage cases using the observed historic flows.  
 
 
 
Figure 1: New Weir Pool Storage Behaviour ( No Releases) 
 

 
 
 
 
 
 
 
 
 
 



NSW Urban Water Services                                                                     22 March 2019
 

 
Page 6 of 8 
 

Figure 2: New Weir Pool Storage Behaviour (50% Inflow Releases) 
 

 
 
 
 
Figure 3: New Weir Pool Storage Behaviour (20% Inflow Releases) 
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Figure 4: New Weir Pool with Upstream Pool Storage Behaviour (No Releases) 
 

 

 
 
 
It is noted the drawdowns shown for the upstream pool  are a result of evaporation and not 
pumping from the upstream pool.  For a repeat of the historic flows  pumping is not 
required, pumping is only required to get through the worse droughts that are required to be 
considered for Secure Yield determination. For this case all the storages are assumed to be 
drawndown to 60% full ( to satisfy 5/10/10 rule) at the start of all the historic droughts and 
90% of demand has to still be supplied. 
 
 
 
 
Climate Change 
 
It is judged that it is reasonable to expect a reduction of the historic climate secure yield for 
inland systems of typically about to 30 to 40% for 1oC climate warming scenario as 
considered for the DPI Water draft guidelines “Assuring future urban water security, 
Assessment and Adaption guidelines for NSW local water utilities”.   
 
It was beyond the scope of the original study to do climate change flow modelling due to 
the flows being provided from the DPI Water IQQM model which encapsulated several 
models and covered a catchment area of some 570,000 km2.   
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It is noted as the catchment upstream is heavily regulated and subject to water sharing 
plans it may be that the potentially reduced inflows from climate change may be mitigated 
as suggested by the IQQM modelled flows providing higher secure yields than with the 
IQQM modelled flows being adjusted for the historic flows. 
 
Modelling was undertaken previously for the existing weir just considering changes in 
evaporation and rainfall over the storages water surface areas for 1 oC climate warming.  
The results suggested for the existing weir pool storage the secure yield may reduce by 
about 14% just due to higher net losses. 
 
 
Other Considerations 
 
Currently no leakage is considered in the modelling. 
 
 
Recommendations 
 
Once a preferred option has been identified it should be modelled with evaporation losses 
for 1 oC Climate warming to allow for the increased water surface areas. 
 
The secure yield (for the cases modelled) is essentially dependent on the available storage 
to get through a year of no inflow and the evaporation losses from the water surface area of 
the storages.  The existing weir and upstream pool details appear to be based on work 
done in 1987 (PWD1987) and thus should be confirmed or updated. 
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1. Introduction 
1.1 Background 
The Wilcannia Weir, originally constructed in 1942, is the primary source of water supply for the 
town, augmented by an emergency groundwater supply particularly in periods of drought. The weir 
is in a state of declining condition and functionality and there is a significant risk to the long-term 
security of town water supply. In 2016 the NSW Department of Premier and Cabinet prepared a 
scoping study and business case for the replacement of Wilcannia Weir which identified the 
preferred option as being a new weir located approximately 5km downstream of the existing weir.  

It is currently proposed to construct a new weir at Wilcannia in 3 stages: 

Stage 1a – complete additional technical investigations and community consultation, delivering an 
addendum to the business case to confirm the preferred option; 

Stage 1b –concept designs and environmental assessment; 

Stage 2 – design and construction. 

Stage 1a includes further investigations to fill in information gaps identified in the existing Business 
Case with the ultimate deliverable being an addendum to the existing business case that confirms 
the preferred option for the weir.  

1.2 Objectives 
There are three key objectives for the Wilcannia Weir project: 

1. To provide for a safe, secure town water supply for the township of Wilcannia; 

2. To enhance opportunities for cultural gatherings 

3. To provide for low impact water recreation opportunities. 
A replacement weir located downstream of the township has the potential to introduce new hazards 
into the source water, and consideration of the risks associated with these hazards is required to 
assist in informing Council's drinking water quality management system. Council has also been 
awarded State Government funding for the construction of a new water treatment plant at Wilcannia 
and any water quality risks introduced due to the location of the proposed weir, need to be 
considered when formulating the treatment process train for the new water treatment plant. 
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2. Existing Water Supply Scheme 
The town of Wilcannia is serviced by a dual reticulated water supply scheme delivering potable and 
non-potable water through separate distribution networks. During times of no flow in the river, the 
water is sourced from two ground water bores constructed at Union Bend downstream of the weir, 
of which only one is currently operational. These bores do not supply the non-potable water 
demand.  

A schematic arrangement of the Wilcannia water supply is shown in Figure 2-1. 

 
Figure 2-1: Schematic of  Wilcannia water supply scheme 

Water Treatment 

Potable water is produced by treating raw water at the Wilcannia WTP, a conventional filtration 
plant, constructed in 1986. The process flow diagram of the Wilcannia water supply scheme is 
shown in Figure 2-2.  

Drinking Water Management System 

A water quality risk assessment was completed for the Wilcannia water supply scheme in 2012 for 
inclusion in Council’s Drinking Water Management System (DWMS). This assessment identified 
the risks resulting from hazards in the catchment, borefield, water treatment plant, service reservoir 
and the distribution system. 

Weir Relocation 

The proposed weir is to be located downstream of the town, however the town water supply intake 
would not be moved from its current location. Due to the new weir location, there are potential 
additional hazards which could impact on the hazard analysis of the risk assessment. Some of 
these include: 

• Leaking septic tanks within the town 
• Sewage treatment plant located upstream of the weir 
• Stormwater impacts from town 
• Sewage reticulation overflows in town 
• Bores located upstream of the weir  

This risk assessment is focused on potential changes that may occur as a result of moving the weir 
downstream of the town. The objectives of this risk assessment are to: 

• check if the likelihood of the identified hazardous events has changed due to the location 
of the proposed weir 
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• identify any new hazards that may be introduced due to the location of the proposed weir 
• update the risk classification 
• nominate control measures for the new hazards 
• provide recommendations for any further studies required to address specific risks 

It is worthwhile noting that there are other precedents of water supplies where the weir is located 
downstream of the town. Some of these are the Bourke, Brewarrina and Walgett water supplies.  It 
should also be noted that the effectiveness of these systems is highly dependent on the 
development of appropriate management systems and adequate operational implementation.   

 
Figure 2-2: Proc ess flow diagram of  Wilcannia water supply scheme (from  DWMS) 
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3. Methodology 
3.1 Hazard Identification and Risk Assessment - Methodology 
The objective of the hazard identification process is to understand the hazards in the water supply 
that could adversely affect the water quality. This includes: 

• identifying and documenting hazards, sources and hazardous events for each component 
of the water supply system 

• evaluating the uncertainty associated with each hazard 

• determining the significant risks and priorities for risk management.  

In this context, the Australian Drinking Water Guidelines (ADWG) 2011 provide the following 
definitions: 

• A hazard is a biological, chemical, physical or radiological agent that has the potential to 
cause harm. 

• A hazardous event is an incident or situation that can lead to the presence of a hazard 
(what can happen and how). 

• Risk is the likelihood of identified hazards causing harm in exposed populations in a 
specified timeframe, including the severity of the consequences. 

Once potential hazards and their sources have been identified, the level of risk associated with 
each hazard or hazardous event will be estimated so that priorities for risk management can be 
established and documented. 

3.1.1 Hazard Identification 
In order to understand what hazards may adversely affect the water quality it is first necessary to 
identify the hazards present in the source water. In order to do this all potential hazardous agents 
in drinking water and the likelihood of these being present in the source water will be evaluated.  

The hazardous events considered will be those arising from catchment activities and source 
infrastructure, that is the proposed Wilcannia weir in this instance. 

3.1.2 Risk Assessment 
Once potential hazards and their sources have been identified, the level of risk for each hazard is 
estimated by identifying the likelihood of occurrence (e.g. certain, possible, rare) and evaluating 
the severity of consequences if the hazard were to occur (e.g. insignificant, major, catastrophic).  

Table 3-1 outlines the criteria (from AS/NZS 4360) for identifying the likelihood of occurrence of 
hazards.  

Table 3-1: Likelihood Table (ADWG, 2011) 

Level Descriptor Example description 

A  Almost certain  Is expected to occur in most circumstances 
(e.g. More than once a week) 

B  Likely  Will probably occur in most circumstances 
(e.g. More than once a month & up to once a week) 

C  Possible  Might occur or should occur at some time 
(e.g. More than once a year and up to once a month) 

D  Unlikely  Could occur at some time 
(e.g. More than once every five years & up to once per year) 
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Level Descriptor Example description 

E Rare May occur only in exceptional circumstances 
(e.g. Less than or equal to once every five years) 

 

Table 3-2 outlines the criteria (also from AS/NZS 4360) for evaluating the severity of consequence 
if a hazard were to occur.  

Table 3-2  Consequence Table (ADWG, 2011) 

Level Descriptor Example description 

1  Insignificant  Insignificant impact, little disruption to normal operation, low increase in normal 
operation costs 
(e.g. Isolated exceedance of aesthetic parameter with little or no disruption to 
normal operation) 

2  Minor  Minor impact for small population, some manageable operation disruption, 
some increase in operating costs 
(e.g. Potential local aesthetic, isolated exceedance of chronic health 
parameter) 

3  Moderate  Minor impact for large population, significant modification to normal operation 
but manageable, operation costs increased, increased monitoring 
(e.g. Potential widespread aesthetic impact or repeated breach of chronic 
health parameter) 

4  Major  Major impact for small population, systems significantly compromised and 
abnormal operation if at all, high level of monitoring required 
(e.g. Potential Acute Health Impact, no declared outbreak expected) 

5  Catastrophic  Major impact for large population, complete failure of systems 
(e.g. Potential Acute Health Impact, declared outbreak expected) 

 

Table 3-3: Risk Matrix (ADWG, 2011) 

 1 Insignificant 2 Minor 3 Moderate 4 Major 5 Catastrophic 

A Almost certain Moderate High Very high Very high Very high 

B Likely Moderate High High Very high Very high 

C Possible Low Moderate High Very high Very high 

D Unlikely Low Low Moderate High Very high 

E Rare Low Low Moderate High High 

 

3.2 Preventive Measures and Residual Risk Assessment 
Preventive measures are those actions, activities and processes used to prevent hazards from 
occurring or reduce them to acceptable levels. Many preventive measures may control more than 
one hazard, while, as prescribed by the multiple barrier approach, effective control of some hazards 
may require more than one preventive measure.  

The residual risk, after consideration of existing preventive measures, is assessed. Residual risk 
provides an indication of the need for additional preventive measures. 
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4. Risk Assessment 
A hazard identification and risk assessment was completed as part of Central Darling Shire 
Council’s Drinking Water Quality Management Plan (DWMP) in October 2012.  The results of that 
risk assessment relating to the source water were used as the basis for the updated risk 
assessment.  

A number of potential issues were identified with the original assessment, where (in some 
instances) the consequence of hazard was reduced by control measures. In most circumstances 
control measures will reduce the likelihood but not the consequence of a hazardous event, and 
changes have been made accordingly.  

The results of this risk assessment relating to the source water, which used the above methodology, 
are re-produced in Table 4-1.  All hazards were re-assessed in consideration of the above and the 
proposed relocation of the weir, in consultation with NSW Health.  A copy of the original hazard 
and risk assessment report is provided for background in Appendix A.    

 

A water quality analysis report for samples taken at Wilcannia on 7th February 2019 was considered 
for the assessment. The report is provided in Appendix B. The samples were taken following a 
rainfall event that occurred the day before. The sampling locations included a residual pool located 
downstream of the existing weir and adjacent an existing fuel depot.   
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Table 4-1: Wilcannia water supply – water quality risk assessment  

Hazardous Event Hazards 
(Contaminants) 

Control  
Point 

Preventative Measures 
 

Max Risk without preventative 
measures 

Residual Risk with preventative 
measures Monitoring & 

Control Notes 
Likelihood Consequence Risk Likelihood Consequence Risk 

Catchment  
          

Pathogens from rural 
residential, agricultural 
and wildlife reaching 
the consumer. 

Pathogens - 
chlorine sensitive 
(for example 
bacteria and 
viruses) 

Filtration 
Disinfection 

Local Environmental Plan 
(LEP), government approvals 
for developments, WTP 
process control (ie flocculation, 
coagulation, filtration, 
disinfection) 

A 5 Very 
High D 5 Very 

High 
NSW Health 
monitoring 

 

Chemical spill in 
catchment 
contaminating raw 
water 

Chemicals, 
pesticides, 
herbicides, 
fertilisers, 
Hydrocarbons 

Filtration 
Dilution, WTP process control, 
PAC, alternate water source, 
notification procedures 

C 4 Very 
High D 4 High NSW Health 

monitoring 

 

Farming and gardening 
practices leading to 
pesticides in source 
water above ADWG 

Pesticides Filtration 
PAC, WTP process control, 
alternate water source, 
regulation of pesticide use 

C 3 High D 3 Mod NSW Health 
monitoring 

 

Flooding leading to 
increased pollutant 
loading from catchment 
runoff 

All pollutants Disinfection, 
Filtration 

Upstream alerts (several 
weeks ahead of expected 
arrival of contaminated water); 
additional water quality 
monitoring, alternate water 
source, WTP process control 

D 5 Very 
High E 5 High 

No monitoring/ 
control at 
catchment level 
NSW Health 
monitoring 

 

Weir            

Pathogens from STP 
and collection system 
overflows/ leaks 
contaminating source 
water 

Pathogens (chlorine 
resistant eg 
Protozoa - 
Cryptosporidium), 
Nutrients 

Filtration 

Disinfection 

STP SOPs and maintenance, 
emergency procedures, 
alternate water source, WTP 
process control 

B 5 Very 
High D 5 Very 

High 

CDSC asset 
management and 
reactive 
maintenance 
program of 
sewerage assets. 
NSW Health 
monitoring 

 

Pathogens from Onsite 
Sewage Management 
System discharges/ 
failures contaminating 
source water 

Pathogens (chlorine 
resistant eg 
Protozoa - 
Cryptosporidium), 
Nutrients 

Filtration 
Disinfection 

Alternate water source, WTP 
process control B 5 Very 

High D 5 Very 
High 

NSW Health 
monitoring 

 

Cyanobacterial 
outbreak bloom in 
source water leading to 
toxins above ADWG 

Toxins 
Disinfection, 
filtration, 
PAC 

PAC, reactive sampling 
program (CDSC EH unit), 
WTP process control, alternate 
water source 

D 5 Very 
High E 5 High Visual Inspection 

by Operators 

 

Swimming and primary 
contact introducing 
pathogens in source 
water 

Pathogens Disinfection 

Sign posted warnings, informal 
community education 
programs, dilution, WTP 
process control, alternate 
water source 

A 4 Very 
High C 4 Very 

High 

Visual Inspection 
by Operators 
NSW Health 
monitoring 

 

Cyanobacterial 
outbreak in source 
water leading to taste 
and odour issues 

MIB, Geosmin etc Filtration 
PAC, radio announcements, 
personal communications with 
operators 

D 3 Mod E 3 Mod Visual Inspection 
by Operators 

 

River water 
management, drought, 
prolonged periods of 
low or no inflows.   

Salinity Weir 

Upstream alerts (several 
weeks ahead of expected 
arrival of contaminated water); 
additional water quality 
monitoring, controlled releases 

D 3 Mod E 3 Mod Weir operator 

Ensure that the proposed new weir has 
capability to conduct small, managed flow 
releases  
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Hazardous Event Hazards 
(Contaminants) 

Control  
Point 

Preventative Measures 
 

Max Risk without preventative 
measures 

Residual Risk with preventative 
measures Monitoring & 

Control Notes 
Likelihood Consequence Risk Likelihood Consequence Risk 

from new weir when inflows 
arrive, significantly increased 
volume of weirpool to reduce 
impact, alternate water source   

Dead livestock/ wildlife 
in weir introducing 
pathogens into source 
water 

Pathogens Disinfection community awareness, WTP 
process control D 4 High E 4 High 

Visual Inspection 
by Operators 
NSW Health 
monitoring 

 

Stormwater discharge 
into weir pool All pollutants 

Disinfection, 
filtration, 
PAC 

PAC, reactive sampling 
program (CDSC EH unit), 
WTP process control 

C 3 High D 3 Mod  

Consider community education about material  
that is spilt in town ending up in the drinking 
water supply eg engine oil, fuel, brake fluid, 
dog faeces 

Inlet            

Coarse screen (on 
pump inlet) failure/ 
blockage at river inlet 

Debris Inlet works Blowers D 2 Low E 2 Low Visual Inspection 
by Operators 

 

Heavy debris at pump 
inlet damaging/ 
destroying inlet 

Turbidity, Organic 
Matter Inlet works physical removal, alternate 

source D 2 Low E 1 Low Visual Inspection 
by Operators 

 

Borefield            

Limited access during 
wet weather events 
preventing pump 
operation 

All pollutants Filtration 
Disinfection 

4WD, boat, pedestrian access 

C 2 Mod E 2 Low Weather 
Observations 

 

Pathogens from 
residential/ 
agricultural/industrial 
inputs due to surface 
water ingress 

Pathogens - 
chlorine sensitive, 
chlorine resistant 

Filtration 
Disinfection 

WTP process control, LEP, 
government approvals for 
developments. D 4 High E 4 High 

Visual Inspection 
by Operators 
NSW Health 
monitoring 

 

Spills occurring in 
recharge area 

Chemicals (various) Disinfection PAC, appropriate bore 
construction, alternate water 
source, WTP process control 

E 2 Low E 2 Low NSW Health 
monitoring 

 

Aquifer contamination 
due to seepage from 
septic tanks, STP or 
landfills 

Chemicals, 
pathogens 

Disinfection Alternate sources, LEPs and 
government approvals for 
developments, alternative 
water source, WTP process 
control. 

E 4 High E 4 High NSW Health 
monitoring 

 

Surface water short-
circuiting of 
contaminants due to 
well-casing failure 

Pathogens Disinfection 
Filtration 

Visual inspection and reactive 
maintenance, alternate water 
source, WTP process control E 4 High E 4 High NSW Health 

monitoring 

 

River water 
management, drought, 
prolonged periods of no 
or low inflows 

Salinity Weir Upstream alerts (several 
weeks ahead of expected 
arrival of contaminated water); 
additional water quality 
monitoring, controlled releases 
from new weir when saline 
inflows arrive, significantly 
increased volume of weirpool 
to reduce impact   

E 3 Mod E 3 Mod 

Weir operator Ensure that the proposed new weir has 
capability to conduct small, managed flow 
releases. 

Consider a hydrogeological investigation to 
better understand weirpool interaction with the 
bore water and to formulate strategies for 
managing the risk of contamination 
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5. Recommendations 
Council has been awarded State Government funding for the construction of a new WTP at 
Wilcannia. The outcomes of this risk assessment should be used to inform the formulation of the 
treatment process train for the new WTP at Wilcannia and to identify if any further investigations or 
studies are needed to better understand a risk and how it can be managed. They should also be 
used to assess and formulate strategies for managing the water quality in the weirpool and the 
bores. 

Water Treatment Plant (WTP) 

The new location of the weir increases the likelihood of hazardous events such stormwater and 
sewerage system overflows impacting source water quality. The treatment process train for the 
WTP has been identified as a key barrier to control many potential hazards in the source water.  

It is recommended that Council’s existing Drinking Water Management Plan be formally reviewed 
and updated in consideration of the new weir location and new WTP. This should include a full 
review of the Hazard and Risk Assessment as part of the detailed design process for the new WTP 
to ensure that the preventative measures are effective in mitigating the risks. 

Sewerage 

As identified above, moving the weir increases the risks to the source water quality. In particular, 
the risk of pathogens entering the weir pool in large numbers increases from events such as; sewer 
pump station failures, sewer overflows (from blockages and other causes), incompletely treated 
effluent discharge from the sewage treatment plant, and failures of on-site wastewater treatment 
systems (such as septic tanks). 

It is very important that the proposed new water treatment plant is designed to address these risks. 
In addition, further work has been proposed to connect all houses in Wilcannia to the sewer system. 
This should be supported, as it removes one pathway for significant pathogen contamination of the 
drinking water supply. The town’s sewerage assets also need to be managed very carefully when 
they are in the drinking water catchment. This is especially true of sewer pump stations.  

Chemical hazards 

The risk from spills and leaks of chemicals increases when the town is in the catchment for the weir 
pool. The Barrier Highway crosses the Darling River at Wilcannia. Service stations and other places 
where chemicals are stored in larger volumes, such as the Council depot, also need to be 
considered. Minor spills in town could be linked to the weir pool through the stormwater drains. 
Additional technical investigations should be considered to identify stores of chemicals in town and 
make recommendations for protective measures and monitoring to ensure the safety of the water 
in the weir. This should include on site monitoring, for example looking for leaks developing in 
underground storage tanks. Community education about material spilt in town potentially draining 
to the weirpool eg engine oil, fuel, brake fluid, dog faeces, should also be considered.  

Bore Water 

Bore water cannot be used as the sole source of supply as the bore yields are not sufficient to 
supply the potable and non-potable water demands for the town. However the bores are an 
important source of potable water during very low or no flow conditions when salinity in the weirpool 
can be high. If the salinity in the weir pool is high, the bore water can also be blended with water 
from the weir pool to reduce its salinity.  

A new weir at the proposed location will result in a very significantly increased weirpool volume 
relative to the current pool (accessible stored volume increases by 174% relative to the current 
weirpool). This would be expected to result in significantly reduced impacts from saline inflows on 
water quality in the weirpool during very low or no flow conditions.  
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It is also understood that the bores are considered to be alluvial with a potential hydraulic 
connectivity to the river, however the water bearing zones of the bores are about 35 to 50 m deep 
and the extent of the hydraulic connectivity may be reduced at this depth. It is also pertinent to note 
that the frequency of no flow events with a duration of more than two months (and a corresponding 
risk of increased salinity in the weir pool) is in the order of once every 10 years on average.   

Notwithstanding the above, active management of water quality in the weirpool has the potential to 
further reduce the risk of adverse impacts on the bores due to high salinity events in the weir pool. 
A hydrogeological investigation should be considered to better understand the potential for the weir 
pool to interact with the groundwater and the need to actively manage supply risk due to salinity in 
the weir pool.  
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Hazard Identification and Risk 

Assessment  

Central Darling Shire Council (CDSC) hosted a four (4) day Site Visit and Risk Assessment 

Workshop with HydroScience Consulting, NSW Health and NSW Office of Water.  The 

purpose of the site visits was to get a thorough understanding of the three drinking 

water supply systems; while the risk assessment aimed to identify all hazards inherent in 

the drinking water supply systems and identify where appropriate controls are required.  

  

The site investigations and risk assessment workshop were undertaken over 9 - 12 

October 2012.  The workshop was held in the Central Darling Shire Council Chambers, 

Wilcannia. 

Workshop Participants 

Participants in the workshop are noted below:  

Central Darling Shire Council  

1. Manager Technical and Engineering Services – Reece Wilson 

2. Utilities Contract Engineer – Darren Scotti 

3. Ivanhoe WTP Operator – Steve Hill 

4. Wilcannia WTP Operators – Cliff Awege; Jarid Cattermole 

5. White Cliffs WTP Operator – Rob  

HydroScience Consulting  

6. Senior Environmental Planner - Jessica Huxley  

7. Senior Design Engineer – Helen Salvestrin 

NSW Health  

8. Senior Policy Advisor – Sandy Leask 

9. Environmental Health Officer – Jason Harwood 

NSW Office of Water  

10. Regional Inspector, Western Region - Bruce Lamont 

Approach and Methodology  

A Hazard Identification and Risk Assessment workshop was facilitated by HydroScience 

to identify key hazardous events and rate the risks associated with Wilcannia and 

Ivanhoe drinking water supply systems.   A preliminary set of hazardous events were 

provided to facilitate discussion.  Participants deleted or added hazards as required for 

each specific drinking water supply system. The participants were facilitated through 

the process to determine likelihood and consequence of each hazard in order to rate 

the risk.  
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White Cliffs water supply is designated as non-potable, due to the use of agricultural 

poly pipe for the distribution network. Thus, a risk assessment has not been undertaken 

for the system.  

 

Risk assessments were undertaken for the two CDSC drinking water supply systems 

(DWSS) from catchment to consumers tap.  The two DWSS’s had similar treatment 

processes, that is, aeration, coagulation, flocculation, clarification, filtration and 

disinfection.   

 

The following list identifies the DWSSs and their source waters: 

1. Wilcannia DWSS 

 Darling River 

 Wilcannia bore fields 

2. Ivanhoe DWSS 

 Willandra Creek 

 Ivanhoe bore fields 

3. White Cliffs WSS (non-potable) 

 Wannara Creek 

CDSC opted to use the Australian Drinking Water Guidelines (ADWG) Risk Assessment 

Matrix.  The risk rating of an incident was based on the combination of Consequence 

and Likelihood.  Table 1 sets out the Risk Assessment Matrix and prioritization of actions.  

 

Table 1 and Table 2 document the Risk Assessment for the two CDSC drinking water 

supply systems.   

Critical Control Points 

Critical Control Points (CCP) are activities, procedures or processes where the operator 

can apply control, and are essential elements in preventing hazards and reducing risks 

to an acceptable level.  

 

In order to distinguish acceptable from unacceptable performance at each point, 

critical limits have been identified. Deviation from the critical limit indicates that the 

operative process has lost control and may induce unacceptable health or 

environmental risks. Corrective actions should be instituted immediately. 

 

CCPs and associated alert and critical limits for Wilcannia and Ivanhoe drinking water 

supply systems are summarised in Table 4 and Table 5. 
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Table 1 CDSC Risk Assessment Matrix 

 CONSEQUENCE OR SEVERITY 

1. Insignificant 

Insignificant impact, 

little disruption to 

normal operation, low 

increase in normal 

operation costs  

2. Minor 

Minor impact or small 

population, some 

manageable 

operation disruption, 

some increase in 

operating costs 

3. Moderate 

Minor impact for large 

population, significant 

modification to normal 

operation but manageable, 

operation costs increased, 

increased monitoring 

4. Major 

Major impact for small 

population, systems 

significantly compromised 

and abnormal operation if 

at all, high level of 

monitoring required 

5. Catastrophic 

Major impact for 

large population, 

complete failure of 

systems 

LI
K

E
LI

H
O

O
D

 O
R

 P
R

O
B

A
B

IL
IT

Y
 

A. Almost Certain  

Expected to occur in most 

circumstances  

Moderate High Very High Very High Very High 

B. Likely 

Will probably occur in 

most circumstances  

Moderate High High Very High Very High 

C. Possible 

Might occur at some time  

Low Moderate High Very High Very High 

D. Unlikely 

Could occur at some time 

Low Low Moderate High Very High 

E. Rare 

May occur in exceptional 

circumstance 

Low Low Moderate High High 

 

  Very High Risk: Senior Management to be advised - Immediate action taken 

High Risk: Senior Management attention needed - To be actioned within 1 month 

Medium Risk: Management responsibility must be specified - Permanent control required within one - three months  

Low Risk: Responsibility to be recorded - To be actioned within 12 months  

The risk rating of an incident is based on the 

combination of Consequence and Likelihood.   

Consider the Consequence and Likelihood to 

determine a Risk Rating  

Consequence + Likelihood = Risk Rating 

 



 

Drinking Water Quality Management Plan TN 3 Risk Assessment   HydroScience Consulting 

October 2012 Central Darling Shire Council Page 5  

 

Table 2 Wilcannia Risk Assessment  

Hazardous event  

Hazards 

(Contaminants) Control point 

Preventative Measures 

What control measures 

are currently in place? 

Max Risk without 

Prevent’ive Measures  

Resid. Risk with 

Prevent’ive Measures 

Monitoring and 

Control Notes  Li
k

e
li
h

o
o

d
 

C
o

n
se

q
’c

e
 

M
a

x
 r

is
k

 

Li
k

e
li
h

o
o

d
 

C
o

n
se

q
’c

e
 

R
e

si
d

. 
R

is
k

 

Catchment 

Pathogens from rural 

residential, 

agricultural and 

wildlife reaching the 

consumer. 

Pathogens - 

chlorine sensitive 

(eg Bacteria and 

Viruses)  

Filtration 

Disinfection 

Local Environmental Plan 

(LEP), government 

approvals for 

developments, WTP 

process control (ie 

flocculation, coagulation, 

filtration, disinfection) 

B 4 Very 

High 

D 4 High NSW Health 

monitoring 

 

Discussions with Western Catchment 

Management Authority (WCMA) re 

catchment activities are ongoing, but 

no coordination is underway; no 

fencing along river to keep 

livestock/wildlife out, banks are quite 

steep so access is limited; multiple river 

systems and catchments contribute to 

Barwon Darling River system. 

Pathogens from STP 

and collection system 

overflows/ leaks 

contaminating  

source water  

Pathogens (chlorine 

resistant eg 

Protozoa - 

Cryptosporidium), 

Nutrients  

Filtration STP SOPs and 

maintenance, 

emergency procedures, 

alternate water source, 

WTP process control 

D 4 High E 4 High CDSC asset 

management 

and reactive 

maintenance 

program of 

sewerage 

assets. 

NSW Health 

monitoring 

STP has an overflow to the surrounding 

land; old oxidation ponds are back-up 

storage; wet weather events can fill 

these ponds. Sewage pumps at each 

property - runoff from stormwater at 

each household (HH). Common 

effluent drainage system for septic tank 

supernatant - CDSC responsibility for 

management of CED. 

Pathogens from 

Onsite Sewage 

Management System 

discharges/ failures 

contaminating source 

water  

Pathogens (chlorine 

resistant eg 

Protozoa - 

Cryptosporidium), 

Nutrients  

Filtration  

Disinfection 

Alternate water source, 

WTP process control  

B 4 Very 

High 

D 4 High NSW Health 

monitoring 

CDSC OSSM system? (details to be 

confirmed), Concrete sewage holding - 

HH manages solids tank (HH 

responsibility to dispose); soak/rubble 

pits at each station, hospital; 

community education/ awareness 

strategies.   

RECOMMENDATION:  1. Inspection of 

WTP filters. 2. Inspection and 

maintenance of HH pumps and solids 

tanks. 3. Confirm management system 

for hospital sewage. 
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Chemical spill in 

catchment 

contaminating  raw 

water  

Chemicals, 

pesticides, 

herbicides, fertilisers, 

Hydrocarbons 

Filtration Dilution, WTP process 

control, PAC, alternate 

water source 

E 3 Mod E 2 Low NSW Health 

monitoring 

(2-3 hours to transfer to borewater) 

Farming practices 

leading to  pesticides 

in source water 

above ADWG 

Pesticides  Filtration PAC, WTP process control, 

alternate water source 

D 2 Low E 1 Low NSW Health 

monitoring 

Cropping is very distant to source 

water. Rare minor events at WTP 

associated with weed control and poor 

sampling processes.  

Flooding leading to 

increased pollutant 

loading from 

catchment runoff 

All pollutants  Disinfection, 

Filtration 

Upstream alerts (several 

weeks ahead of 

expected arrival of 

contaminated water); 

additional water quality 

monitoring, alternate 

water source, WTP 

process control 

D 4 High E 4 High No monitoring/ 

control at 

catchment level 

NSW Health 

monitoring 

Some river catchments (eg 

Castlereagh) bring in "black water" 

from overflow from crops - crops retain 

silt, water washes pesticides in, reduced 

oxygen in water; some fish kills have 

occurred in the past due to reduced 

oxygen. 

Weir                       

Cyanobacterial 

outbreak bloom in 

source water leading 

to toxins above 

ADWG 

Toxins Disinfection, 

filtration 

PAC, reactive sampling 

program (CDSC EH unit), 

WTP process control, 

alternate water source 

D 4 High E 2 Low Visual 

Inspection by 

Operators  

RECOMMENDATION: Coordination with 

WCMA. 

Swimming and 

primary contact 

introducing 

pathogens in source 

water 

Pathogens Disinfection Sign posted warnings, 

informal community 

education programs, 

dilution, WTP process 

control, alternate water 

source 

A 4 Very 

High 

D 2 Low Visual 

Inspection by 

Operators  

NSW Health 

monitoring 

  

Cyanobacterial 

outbreak in source 

water leading to taste 

and odour issues  

MIB, Geosmin etc Filtration PAC, radio 

announcements, personal 

communications with 

operators 

D 2 Low E 1 Low Visual 

Inspection by 

Operators  

Community education/awareness 

strategies  
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Dead lifestock/ 

wildlife in weir 

introducing 

pathogens into 

source water 

Pathogens Disinfection community awareness, 

WTP process control 

E 4 High E 1 Low Visual 

Inspection by 

Operators 

NSW Health 

monitoring 

  

Inlet                        

Coarse screen (on 

pump inlet) failure/ 

blockage at river inlet 

Debris Inlet works Blowers D 2 Low E 2 Low Visual 

Inspection by 

Operators 

  

Heavy debris at pump 

inlet damaging/ 

destroying inlet 

Turbidity, Organic 

Matter 

Inlet works physical removal, 

alternate source 

D 2 Low E 1 Low Visual 

Inspection by 

Operators 

  

Borefield                        

Limited access during 

wet weather events 

preventing pump 

operation 

All pollutants Filtration  

Disinfection  

4WD, boat, pedestrian 

access 

C 2 Mod E 2 Low Weather 

Observations 

Borewater is alternate option for several 

hazardous events associated with wet 

weather, therefore access is essential. 

RECOMMENDATION: Quad bike to 

improve vehicle access. 

Pathogens from 

residential/ 

agricultural/industrial 

inputs due to surface 

water ingress  

Pathogens - 

chlorine sensitive, 

chlorine resistant  

Filtration 

Disinfection 

WTP process control, LEP, 

government approvals for 

developments. 

E 4 High E 2 Low Visual 

Inspection by 

Operators  

NSW Health 

monitoring 

Bore construction: 1.5m earth mound, 

concrete tank and stainless steel hatch; 

pumping tests completed (NSW Office 

of Water, Public Works approval for 

operation); CDSC bore logs; data 

logger installed but not used. No 

knowledge of aquifer. 

RECOMMENDATION: 1. Extents of 

aquifer to be defined. 2. Preventative 

maintenance/cleaning of bore to be 

undertaken. 

Spills occurring in 

recharge area  

Chemicals (various) Disinfection PAC, appropriate bore 

construction, alternate 

water source, WTP 

process control 

E 2 Low E 2 Low  Recharge areas unknown. 

RECOMMENDATION: 1. Recharge areas 

to be defined. 



 

Drinking Water Quality Management Plan TN 3 Risk Assessment   HydroScience Consulting 

October 2012 Central Darling Shire Council Page 8  

 

Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Aquifer 

contamination due to 

seepage from septic 

tanks, STP or landfills 

Chemicals, 

pathogens 

Disinfection Alternate sources, LEPs 

and government 

approvals for 

developments, 

alternative water source, 

WTP process control. 

C 4 Very 

High 

D 4 High NSW Health 

monitoring 

Nearest house approximately 2kms. 

RECOMMENDATIONS: 1. Programmed 

inspections of household septic tanks. 2. 

Recharge areas to be defined. 

Surface water short-

circuiting of 

contaminants due to 

well-casing failure 

Pathogens Disinfection 

Filtration  

Visual inspection and 

reactive maintenance, 

alternate water source, 

WTP process control 

E 4 High E 4 High  NSW Health 

monitoring 

PVC casing, stainless steel screens. 

RECOMMENDATION: Install fencing 

around bores to prevent access and 

bore damage by livestock/wildlife 

Water Treatment Plant                      

Alum dose - Under 

dosing  

Turbidity, 

Pathogens,  

Clarifiers Jar test daily; pre-dose 

soda ash; drop tests; river 

level monitoring, WTP 

process control 

B 4 Very 

High 

C 4 Very 

High 

WTP process 

control , 

weather 

observations; 

Monitoring daily 

at raw water 

intake and 

clarifiers  

Pump failure, blocked line, rising river 

waters, jar test, different source rivers. 

Staff is under-resourced, undertaking 

reactive maintenance works in both 

sewerage and water systems as well as 

plant operation 

RECOMMENDATIONS: 1. Online 

monitoring. 2. Increasing resourcing. 

Alum dose - Over 

dosing   

Aluminium, turbidity, 

pathogens 

Clarifiers Jar test daily; pre-dose 

soda ash; drop tests; 

increased monitoring, 

river level monitoring; 

B 4 Very 

High 

C 4 Very 

High 

Monitoring daily 

at raw water 

intake and 

clarifiers, 

weather 

observations;  

RECOMMENDATIONS: 1. Online 

monitoring. 2. Increased resourcing 

PAC dose - 

underdosing allowing 

contaminants 

Toxins, Taste and 

Odour 

Clarifiers Jar test daily; pre-dose 

soda ash; drop tests; 

increased monitoring, 

river level monitoring; 

alternate source 

D 3 Mod E 2 Low Monitoring daily 

at raw water 

intake and 

clarifiers, 

weather 

observations; 

PAC not used regularly; used only for 

algal blooms in the river.  

PAC dose - over -

dosing  

PAC  Clarifiers Backwashing, jar testing D 2 Low E 2 Low  Overdose can clog the filter 
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Failure at clarifier Pathogens, turbidity Clarifiers Spare parts for paddle, 

programmed 

maintenance,  de-slime, 

WTP process control 

B 4 Very 

High 

C 4 Very 

High 

Visual 

inspections, 

Daily NTU 

monitoring at 

clarifier  

RECOMMENDATION: Install online 

monitoring 

Filters - Ineffective 

pollutant removal due 

to blockage of 

media/inadequate 

maintenance, 

breakthrough 

Pathogens Filters Backwash daily (max 2 a 

day), jar tests. 

C 4 Very 

High 

D 4 High Turbidity at 

clarifier and 

after sand filter, 

Filter ripening: 20 mins. Turbidity = 0.5 - 

0.6 NTU. RECOMMENDATION: On-line 

monitoring 

pH correction - soda 

ash underdosing (pre-

dose) 

Low pH, Pathogens Filters Backup dosing pumps, 

river height etc 

monitoring, SOPs for 

batching soda ash 

C 4 Very 

High 

D 4 High Monitoring pH 

daily through 

treatment 

process 

Pump failure; rapid change in river 

conditions; incorrect dose due to 

manual testing. RECOMMENDATION: 

On-line monitoring. 

pH correction - soda 

ash overdosing (post-

dose only) 

Loss of chlorination 

efficiency 

Filters Long contact time in 

service reservoir, daily pH 

checks 

C 4 Very 

High 

D 4 High Monitoring pH 

daily through 

treatment 

process 

Pump failure; rapid change in river 

conditions; incorrect dose due to 

manual testing.  RECOMMENDATION: 

On-line monitoring. 

Disinfection - Chlorine 

overdosing  

Chemicals   Disinfection  C 2 Mod D 2 Low Monitoring, 

chlorine residual 

after filter at 

end of supply, 

clear well, 

reservoir 

 RECOMMENDATION: 1. Chlorine gas 

2. Online monitoring 

Disinfection - Chlorine 

dose failure causing 

underdosing  

Pathogens Disinfection  B 5 Very 

High 

D 5 Very 

High 

Daily 

Monitoring, 

chlorine residual 

after filter at 

end of supply, 

clear well, 

reservoir 

NSW Health 

monitoring  

RECOMMENDATION: 1. Chlorine gas 

2. Online monitoring 
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Disinfection - 

Shortage of chlorine 

supply/aged chlorine 

(failure of disinfection, 

pathogens reaching 

the community) 

Pathogens Disinfection Jar test  B 5 Very 

High 

D 5 Very 

High 

Chlorine 

residual testing, 

NSW Health 

monitoring 

RECOMMENDATION: 1. Change to 

chlorine gas (Supply from Adelaide has 

previously been delayed in warehouse 

and lost its strength) 

Infrastructure (pipe 

work, linings of valves, 

pump, oils) leach 

components of 

materials due to 

chemical reaction 

Chemicals  Reactive maintenance 

program. 

C 1 Low C 1 Low  Shafts on clear water well pumps 

corrode – current program to change 

over to PVC; black AC asbestos pipe - 

current replacement program.  

Power failure leading 

to equipment failure 

All contaminants  

  

  B 3 High B 3 High   Filtered water storage - 24-36 hours in 

summer; no back-up power supply. 

Water is not delivered to community 

during power failures. 

RECOMMENDATION: Provide back-up 

generator/alternative power supply. 

Loss of trained 

operators due to 

sickness, leave etc 

      

2 trained and 1 untrained 

operators in town. 

B 3 High B 3 High   RECOMMENDATION: 1. Trained 

operators from other plants to learn 

system; 2. Other trained people in town. 

Aerator 

contamination   

Pathogens Filtration  

Disinfection  

WTP process control C 4 Very 

High 

C 2 Mod Visual 

Inspection  

NSW Health 

monitoring  

RECOMMENDATION: Provide access for 

maintenance/cleaning; repair top seal 

Service Reservoir                        

Faecal contamination 

(access by birds, rats) 

Pathogens  Disinfection Reactive maintenance 

schedule 

C 4 Very 

High 

D 4 High Chlorine 

residual at 

supply,  

Visual 

Inspection  

NSW Health 

monitoring 

 

Small works required to completely seal 

roof and ladder hatch. 
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Distribution system                       

Loss of chlorine 

residual with heat/ 

materials/diameter 

/biofilms etc of 

reticulation 

Pathogens  Disinfection Monitor and adjust 

chlorine levels, flush mains 

A 4 Very 

High 

C 4 Very 

High 

Chlorine 

residual at 

supply  

NSW Health 

monitoring 

Steel pipe crossing bridge to Warrali - 

planned replacement program. (50, 80, 

100, 200mm mains in town). 8 flushing 

points and 2 hydrants 

Dead end in 

reticulation system 

leading to stagnation 

and loss of chlorine 

residual   

Taste and Odour  Disinfection Flushing mains, reactive 

maintenance 

A 3 Very 

High 

C 2 Mod Chlorine 

residual at 

supply  

NSW Health 

monitoring 

Steel pipe crossing bridge to Warrali - 

planned replacement program. (50, 80, 

100, 200mm mains in town). 8 flushing 

points and 2 hydrants 

Pathogens, 

chemicals, debris and 

soil entering the 

treated water supply 

through repairs, 

maintenance and 

new mains   

All pollutants  Disinfection SOPs (eg flushing), high 

pressures maintained in 

distribution network?? 

C 4 Very 

High 

D 4 High   Contractors undertake works within 

private properties; dual reticulation for 

potable and non-potable systems; 

same tools for water and sewage. 

RECOMMENDATIONS: 1. Chlorine 

residual testing after repair.                2. 

Separate equipment for water/ 

sewage/raw water systems 

Pathogens 

contaminating the 

treated water due to 

back flow & cross 

connection (eg 

hydrant for water 

carter at depot, raw 

water dual 

reticulation, rainwater 

tanks)  

Pathogens, 

Chemicals 

Disinfection Household checks by 

CDSC for cross-

connections; WTP process 

control; backflow 

prevention on meters (not 

currently on all property 

lines). 

C 4 Very 

High 

D 4 High household 

check on septic 

tanks 

(eg hydrant for water carter at depot, 

raw water dual reticulation); school, 

hospital etc have their own plumbers; 

concerns around inadequate backflow 

prevention, inadequate 

documentation of dual reticulation 

layout. RECOMMENDATION:  1. 

Upgrade backflow prevention to each 

property (ongoing). 2. Documentation 

of water distribution network to be 

kept-up-to-date. 

3. SOPs and appropriate management 

for non-Council works to be 

undertaken. 4. Improve backflow 

prevention in non-Council managed 

properties  

Dislodgement of 

biofilms, sludge 

causing degradation 

"Dirty water", 

operational impacts 

Disinfection Flushing mains  C 2 Mod D 2 Low NSW Health 

monitoring  
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

of water quality 

Public use of non-

potable water system 

in public areas 

All pollutants    Signs, removal of taps, 

designated public 

potable taps 

B 3 High D 3 Mod   eg caravans, tourists 

Whole of system                       

Malicious/deliberate 

contamination  

Various - chemicals, 

fertilisers, 

heribicides, 

pesticides 

Disinfection WTP process control, 

public condemnation, 

locked gates, fences and 

ladder hatch at service 

reservoir 

E 3 Mod E 3 Mod  Visual 

Inspection  
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Table 3 Ivanhoe Risk Assessment 

Hazardous event  

Hazards 

(Contaminants) Control point 

Preventative Measures 

Max Risk with no 

Prevent’ive Measures  

Resid. Risk with 

Prevent’ive Measures 

Monitoring and 

Control Notes  

What control measures 

are currently in place? Li
k

e
li
h

o
o

d
 

C
o

n
se

q
’c

e
 

M
a

x
 r

is
k

 

Li
k

e
li
h

o
o

d
 

C
o
n
se
q
’c

e
 

R
e

si
d

. 
R

is
k

 

Catchment 

Pathogens from rural 

residential, 

agricultural and 

wildlife reaching the 

consumer. 

Pathogens - 

chlorine sensitive 

(eg Bacteria and 

Viruses)  

Disinfection Ground tanks to settle 

turbidity before plant, Jar 

testing, WTP process 

control (ie flocculation, 

coagulation, filtration, 

disinfection) 

A 4 Very 

High 

D 4 High Turbidity meters 

(no online 

monitoring), 

NSW Health 

monitoring  

Lower Lachlan Catchment 

Management Authority (CMA). (no 

online monitoring), 

RECOMMENDATION: 1. Chlorine testing 

at lab sink. 

Pathogens from 

Onsite Sewage 

Management System 

discharges / failures 

contaminating source 

water  

Pathogens 

(chlorine resistant 

eg Protozoa - 

Cryptosporidium),     

Nutrients  

Filtration Ground tanks to settle 

turbidity before plant, Jar 

testing, WTP process 

control (ie flocculation, 

coagulation, filtration, 

disinfection) 

B 4 Very 

High 

D 4 High Turbidity meters  

NSW Health 

monitoring 

Risk unknown; Lower Lachlan CMA; 

RECOMMENDATION: 1. Determine 

number/ location of systems within the 

catchment. 2. Chlorine testing at lab 

sink. 

Pathogens from 

unrestricted livestock 

access to water 

supply entering raw 

water  

Pathogens 

(chlorine resistant 

eg Protozoa - 

Cryptosporidium),     

Nutrients  

Filtration Ground tanks to settle 

turbidity before plant, Jar 

testing at plant dam, WTP 

process control (ie 

flocculation, coagulation, 

filtration, disinfection) 

B 4 Very 

High 

D 4 High Turbidity meters  

NSW Health 

monitoring 

 (no online monitoring), 

Chemical spill in 

catchment 

contaminating raw 

water  

Chemicals, 

Pesticides, 

Herbicides, 

Fertilisers, Petrol 

Filtration Ground tanks to settle 

turbidity before plant, 

E 4 High E 2 Low NSW Health 

monitoring 

2 fuel tankers come to Ivanhoe a week 

and they cross Willandra Creek. 

Fertilisers, pesticides are all trucked in.  

Grass fires Turbidity, debris, 

ash 

 Filtration  Alternate water supply, 

staged settling ponds, 

WTP process control 

D 3 Mod D 1 Low NSW Health 

monitoring 
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Flooding leading to 

increased pollutant 

loading from 

catchment runoff 

All pollutants  Disinfection, 

Filtration 

1 month timeframe 

warning on flood waters, 

coagulation, filtration, jar 

testing is increased, raw 

water storages - Ground 

tanks to settle turbidity 

before plant, alternate 

water source 

D 3 Mod D 2 Low Weather 

observations, 

river heights are 

monitored 

(Willandra 

National Park 

weir - web 

based), 

First flush is a big issue. Flood warnings 

come at least one month ahead 

through word of mouth.  

Arsenic above ADWG 

in source water 

arriving at the point of 

supply 

Arsenic Coagulation, 

flocculation, 

filtration 

coagulation, flocculation, 

filtration 

A 2 High E 2 Low NSW Health 

monitoring 

Source water 

monitoring   

Guideline value = 0.1 mg/L; results are 

0.11 mg/L; consequence is public 

perception/loss of service; baseline 

sampling results to be provided to HSC 

Weir 

Cyanobacterial (blue 

green algae) 

outbreak leading to 

toxins above health 

guidelines reaching 

the consumer 

Cyanotoxins,   Disinfection, 

filtration 

PAC,  Chlorination, 

Filtration, Alternate water 

supply (bores) 

D 4 High E 4 High   (Algal Alerts ?) 

Cyanobacterial (blue 

green algae) 

outbreak leading to 

taste and odour issues 

 MIB, Geosmin etc Filtration PAC,  Alternate water 

supply (bores) 

D 2 Low E 2 Low Visual 

inspection,  

 no cell counts 

Storm events leading 

to increased 

pollutants in raw 

water  

Turbidity, Colour, 

Pathogens, 

Fertilisers, 

Herbicides, 

Pesticides. 

Filtration WTP process control,  Jar 

testing and enhanced 

coagulation,  Alternate 

water supply (bores)  

C 4 Very 

High 

E 4 High Turbidity 2-3/wk 

NSW Health 

monitoring  

  

Elevated turbidity 

outside storm events 

reaching the 

consumer 

Turbidity, 

pathogens 

Filtration WTP process control, jar 

testing and enhanced 

coagulation,  alternate 

water supply  

A 4 Very 

High 

D 4 High Turbidity 2-3/wk, 

NSW Health 

monitoring 

Lower Lachlan Catchment 

Management Authority (CMA). 

RECOMMENDATION: 1. Chlorine testing 

at lab sink. 

Negligent / 

accidental  

contamination  

Pesticides, 

Herbicide 

  Operators are trained in 

the handling of chemicals 

C 2 Mod E 2 Low NSW Health 

monitoring 
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Inlet 

Coarse screen (on 

pump inlet) failure / 

blockage at ground 

storage tanks 

Debris  Inlet works Vegetation control in 

dam area, built-in silt trap, 

de-silting of dam, pump 

servicing (cleaning of 

screen) 

D 2 Low E 2 Low Visual 

Inspection  

  

Build-up of sediment 

and slimes at pump 

inlet 

Turbidity, Organic 

Matter 

  Vegetation control in 

dam area, built-in silt trap, 

de-silting of dam, pump 

servicing (cleaning of 

screen) 

D 2 Low E 2 Low Visual 

Inspection 

  

Ground tank 

Stock access 

(including death of 

animal) 

Pathogens, 

turbidity 

Disinfection  Coagulation, filtration, 

WTP process control, 

regular pipeline 

inspections, fencing  

A 4 Very 

High 

D 4 High Visual 

Inspection 

NSW Health 

monitoring  

(fencing needs major repairs) 

RECOMMENDATIONS: Repair fence 

around ground tanks. 

Swimming and 

primary contact  

Pathogens  Disinfection Coagulation, filtration, 

WTP process control, 

Fencing,  signs, dilution 

C 2 Mod E 2 Low Visual 

Inspection 

NSW Health 

monitoring 

(fencing needs major repairs) 

RECOMMENDATIONS: Repair fence 

around ground tanks. 

Borefield 

Pathogens from 

residential/ 

agricultural/ industrial 

inputs due to surface 

water ingress  

Pathogens - 

chlorine sensitive, 

chlorine resistant  

Disinfection, 

Filtration,  

Fenced bores, WTP 

process control 

C 4 Very 

High 

E 4 High Turbidity meters 

fortnightly  

NSW Health 

monitoring  

Bore depth: 58 meters. CDSC to confirm 

bore logs 

RECOMMENDATION: Construct 

concrete bore heads (activity already 

planned by CDSC) 

Spills occurring in 

recharge area on 

roads or properties 

Chemicals (various)   Hazardous material 

controls on transport 

vehicles, dilution, filtration 

through the aquifer 

E 2 Low E 2 Low NSW Health 

monitoring 

CDSC to provide baseline groundwater 

quality data to HSC/NSW Health 
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Aquifer 

contamination due to 

seepage from septic 

tanks or landfills 

Chemicals, 

pathogens 

 Disinfection  Chlorination, appropriate 

bore construction (steel 

cased bore etc).  

D 4 High E 4 High NSW Health 

monitoring 

Risk unknown. Details of aquifer, 

recharge areas are unknown. 

Concentration of septic tanks is low. 

Register of septic tanks?? 

RECOMMENDATION: 1. Extent of aquifer 

and recharge area to be determined. 

2. Confirm location/ details/ 

management system of septic tanks 

Surface water short-

circuiting of 

contaminants due to 

well-casing failure 

Pathogens Disinfection Chlorination, appropriate 

bore construction 

(including elevated well 

head, steel cased bore 

etc) 

D 4 High E 4 High NSW Health 

monitoring 

PVC casing, stainless steel screen.  

RECOMMENDED ACTIONS: 1. Planned 

inspections (including using cameras) 

of bores 

Connections to stock 

watering (one bore 

only) - potential for 

contamination 

through backflow 

Pathogens Disinfection Black flow prevention, 2 

stop valves on line, 

disinfection 

C 4 Very 

High 

E 4 High   Regular level testing of bores is now 

undertaken. RECOMMENDATION: 1. 

Monitor groundwater quality in 

conjunction with level testing.  

Water treatment plant 

Alum dose - Over 

dosing   

Aluminium,  

Turbidity,  

Pathogens 

Clarifiers Jar testing carried out 

irregularly, no alarms on 

plant 

D 4 High E 4 High  Overdosing may cause filter to block, 

floc may not form 

PAC dose - 

underdosing allowing 

contaminants 

Toxins, Taste and 

Odour 

Clarifiers Alternative supply, visual 

inspection of storage 

dams 

C 3 High D 3 Mod  Standard PAC dose without prior 

testing. Toxins rarely present in system. 

Consequence is based on taste and 

odour. NSW Office of Water to be 

consulted regarding appropriate dose. 

Confirm shelf life of PAC. 

PAC dose - over -

dosing  

PAC  Clarifiers Alternative supply, visual 

inspection of storage 

dams 

D 1 Low D 1 Low    

Failure at clarifier Pathogens, turbidity Clarifiers chemical dosing controls, 

jar testing to adjust 

coagulation dose, 

filtration, alternate water 

supply, multiple settling 

ponds, chlorination 

B 4 Very 

High 

C 4 Very 

High 

Operator 

observations,  

visual 

inspection of 

floc, 

RECOMMENDATION: 

1. Turbidity monitoring at clarifier 
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Clarification - floc 

blanket failure (eg loss 

of blanket, rising 

blanket etc 

Pathogens Clarifiers chemical dosing controls; 

jar testing to adjust 

coagulation dose; 

filtration;                                                

alternate water supply  

B 4 Very 

High 

C 4 Very 

High 

Operator 

observations;                          

  

Filters - Ineffective 

pollutant removal due 

to blockage of 

media/inadequate 

maintenance 

Pathogens Filters NOW Inspections of filters, 

chlorination 

B 5 Very 

High 

C 5 Very 

High 

Sampling point 

at bottom of 

filter - regular 

sampling, 

Operators 

observation, 

Backwash is water only, no air scouring. 

RECOMMENDATION: 1. Daily sampling 

after filter. 2. Maintenance of filter. 3. 

Online monitoring, alarms. 4. Chlorine 

residual testing in distribution system 

Filters - Disposal of 

backwash 

supernatant  

Alum sludge, 

pathogens 

Filters WTP process control, no 

alarms on pumps, ponds, 

dilution 

C 4 Very 

High 

D 2 Low Visual 

inspection of 

pumps, 

Small volumes for borewater and 

evaporation is all that is required to 

dispose of supernatant; larger volume 

for surface water treatment. Standby 

and duty sludge lagoons.  

Loss of process control 

due to pH correction - 

soda ash underdosing 

Low pH, pathogens   Can pre-dose if required;  C 4 Very 

High 

D 4 High Daily pH 

monitoring  

Post dose after filter before disinfection; 

pre-dose possible at soda-dosing point 

(although soda-ash dosing would have 

to drop out!) 

Alarms would reduce; Clarifier has to 

be within pH range 6 - 7. Can lose the 

process if pH is out of this range.  

RECOMMENDATION: Additional pre-

dosing point. 

pH correction - soda 

ash overdosing (post-

dose only) 

Pathogens   Long contact time in 

service reservoir.  

C 4 Very 

High 

D 2 Low Daily pH 

monitoring 

Incorrect dosing – loss of chlorination 

efficiency  

Disinfection - Chlorine 

overdosing  

Elevated Chlorine  Disinfection,  B 2 High D 2 Low Daily pH 

monitoring 

NSW Health 

Monitoring  

Taste only 
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Disinfection - Chlorine 

dose  failure causing 

underdosing  

Pathogens Disinfection  automatic switch over at 

chlorine supply 

B 5 Very 

High 

D 5 Very 

High 

NSW Health 

monitoring,   

 

RECOMMENDATION: 

Chlorine residual testing at lab tap 

Disinfection - 

Shortage of chlorine 

supply  

Pathogens Disinfection Back up supply at pool. 2 

months’ supply at 

treatment plant.  

E 4 High E 3 Mod  Operator 

inspections   

Wet weather may prevent road supply 

of chlorine.  

Infrastructure (pipe 

work,  linings of valves, 

pump, oils) leach 

components of 

materials due to 

chemical reaction 

Chemicals Filtration Dilution due to volume of 

water 

E 2 Low E 1 Low  NSW Health 

monitoring  

Cement lined ductile piping, PVC, 

plastic hosing for chemical lines. 

Power failure leading 

to equipment failure 

Pathogens, Physical  

  

   C  1 Low C 1 Low   Has happened, sometimes in excess of 

24 hours. If there is no power, water 

does not get to reservoirs and therefore 

not supplied. No back-up generators/ 

power supply. 2 days storage 

Plant layout, wind-

blown dust, chemicals 

etc 

Dust, chemicals 

  

 C 2 Mod C 2 Mod   RECOMMENDATION: Improve chemical 

storage, upgrade doors/ windows etc 

Loss of trained 

operators due to 

sickness, leave etc      

 B 4 Very 

High 

B 4 Very 

High 

  A back-up person is available but not 

fully trained. RECOMMENDATION: 

Training for additional operator  

Service reservoir 

Faecal contamination 

(access by birds, rats) 

Pathogens  Disinfection Chlorine residual A 4 Very 

High 

C 4 Very 

High 

 Visual 

Inspection  

RECOMMENDATION: Seal manhole 

access 
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Hazardous event Hazards Control Point Preventative Measures Max Risk No 

Prevention 

Resid Risk with 

Prevention 

Monitoring and 

Control 

Notes 

Distribution system 

Dead end in retic 

system leading to 

stagnation and loss of 

chlorine residual   

Taste and Odour  Disinfection Fortnightly flushing A 2 High C 2 Mod Chlorine 

residual testing 

NSW Health 

monitoring  

RECOMMENDATIONS: 

1. Hydrants to be installed on bigger 

mains 

Pathogens, 

chemicals, debris and 

soil entering the 

treated water supply 

through repairs, 

maintenance and 

new mains   

All pollutants  Disinfection, 

filtration 

Pump the hole and keep 

the water lower than the 

main; flush the system 

after works; SOPs 

A 4 Very 

High 

C 4 Very 

High 

Chlorine 

residual testing 

NSW Health 

monitoring 

RECOMMENDATION: 

1. Hydrants for thorough flushing;  

2. increased monitoring after the repair 

in the area.  

Pathogens 

contaminating the 

treated water due to 

back flow & cross 

connection (water 

carters, stock 

connections, raw 

water dual 

reticulation, Bush Fire 

Brigade)  

Pathogens, 

Chemicals 

Disinfection Meters on treated water 

lines with double checks; 

pressure in water 

reticulation 

A 4 Very 

High 

C 4 Very 

High 

Chlorine 

residual testing 

NSW Health 

monitoring 

Raw water at slightly higher pressure 

than treated water; no differentiation 

between raw and treated networks; 

Council to do household checks for 

cross connections; rainwater tanks are 

not checked. Back flow prevention to 

be installed at Fire Brigade hydrant 

Growth of biofilms, 

sludge causing 

degradation of water 

quality 

"Dirty water", 

operational 

impacts 

Disinfection Disinfection, flushing 

mains  

A 1 Mod B 1 Mod NSW Health 

monitoring 

RECOMMENDATION: Install hydrants for 

improved flushing 

Whole of system 

Malicious/deliberate  

contamination of 

whole system 

(including reservoirs, 

tanks) 

Various  - 

Chemical, 

Fertilisers, 

Herbicides, 

Pesticides  

  Alternate water source 

(bores), locked fences, 

locked hatches at 

reservoir, flocculation, 

coagulation, disinfection 

E 4 High E 4 High     
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Table 4: Wilcannia CCPs and Limits 

Parameter  Monitoring 

Frequency 

Target 

Level 

Operational Procedures  Alert 

Limit 

Corrective Action Critical 

Limit 

Corrective Action 

CCP 1 Coagulation 

Turbidity  

   

  

  

 Daily < 5 NTU 

  

  

  

  

  

  

  

  

  

 Daily monitoring at inlet: turbidity, 

pH  

 Jar test (daily) 

 Adjust alum dose/or soda ash 

dose as required 

 Visual inspection of floc (daily) 

 Daily monitoring at clarifier: 

turbidity, pH   

 Regular automated purge of 

sludge gates, progressing through 

each gate over time. Manual 

override if required. 

 Daily monitoring of aluminium at 

clearwater well and reservoir 

> 5 NTU 

  

  

  

  

  

  

  

  

  

 Jar test 

 Adjust dose as required 

 Increase monitoring/ testing (1-

2 hourly) 

 Discharge water from clarifier 

(no through flow to filter) 

 Monitor aluminium at clarifier 

 Inspect water source 

 Recommence flow to filter 

when turbidity meets target 

10 NTU 

  

  

  

  

  

  

  

  

 Alert supervisor, NSW Health and 

NSW Office of Water 

 Jar test 

 Process controls - investigate 

operational activities  

 Discharge water from clarifier (no 

through flow to filter) 

 Consider alternate supply/reduced 

flow/plant shut down 

 Increase monitoring to determine 

effectiveness of corrective actions  

 Investigate and desludge 

flocculator as appropriate 

 Recommence flow to filter when 

turbidity meets target 

  

CCP 2 Filtration 

Turbidity  

  

  

  

  

  

 

Daily < 0.5 NTU 

 

 

 

 Daily backwash  

 Daily Monitoring at Filters  - 

Turbidity  

 Inspect media for mud balls - 

monthly; remove as appropriate 

and backwash until clear 

 Replenish media when required 

(19 " from central drain) 

> 0.5 NTU 

  

 Alert Supervisor  

 Visual inspection of clarifier 

(refer to coagulation CCP)  

 Increase backwash   

 Increase monitoring 

 Stop flow to clearwater well 

 Inspect clearwater well - if 

water has flowed in, flush 

clearwater well 

 Recommence flow when 

turbidity meets target 

1 NTU 

  

  

  

  

 

 Alert NSW Health and NSW Office 

of Water 

 Increase frequency of backwash  

 Process controls - investigate 

operational activities  

 Decrease flow through plant  

 Consider alternate supply  

 Increase monitoring to determine 

effectiveness of corrective actions  

 Stop pump to clearwater well and 

flush if required 
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Parameter  Monitoring 

Frequency 

Target 

Level 

Operational Procedures  Alert 

Limit 

Corrective Action Critical 

Limit 

Corrective Action 

CCP 3 Disinfection 

Chlorine 

Residual at  

Clearwell 

  

Daily 5-6 mg/L 

  

  

 Monitoring at filter -  pH, turbidity 

 Monitoring at clearwell  pH, 

Turbidity, Free and Total Chlorine  

< 4 mg/L 

  

  

 

 Inspect flocculation 

 Inspect backwash sand filter 

 Increase Chlorination dose  

 Increase monitoring until target 

is reached. 

 Adjust soda ash/alum dose 

< 1 mg/L 

  

  

  

 Alert supervisor, NSW Health and 

NSW Office of Water 

 Stop pump to reservoir 

 Consider dosing PAC if colour is 

increasing  

Chlorine 

Residual  

Reservoir 

  

  

  

  

Daily 1-2 mg/L 

  

  

  

  

Monitoring at reservoir  pH, 

Turbidity, Free and Total Chlorine  

< 1 mg/L 

  

  

  

  

Increase chlorine dose before 

clearwater well until residual at 

reservoir meets target 

  

  

  

< 0.5 mg/L 

  

  

  

  

 Notify supervisor, NSW Health, NSW 

Office of Water 

 Increase dose before clearwater 

well until residual at reservoir meets 

target 

 Flush mains, 

 Increase monitoring until resolved 

 Consider boiled water alerts 

 Consider alternative source 

Chlorine 

Residual in 

Distribution 

System   

Fortnightly  

 

0.5 - 1 

mg/L 

  

  

 Monitoring at reservoir  pH, 

Turbidity, Free and Total Chlorine  

 Flush mains fortnightly 

 Monitoring at supply  pH, 

Turbidity, Free and Total Chlorine  

0.2 mg/L 

  

  

 Flush mains 

 Sample, test, flush 

 Increase dose at clearwater 

well 

< 0.1 mg/L 

> 5 mg/L  

  

  

 Notify supervisor, NSW Health, NSW 

Office of Water 

 Increase dose at reservoir, monitor, 

flush, alternative source, boiled 

water alert 

CCP 4 Post soda-ash dosing 

pH at 

Clearwell 

Daily 7.8 

 

 Monitor turbidity  

 Jar test 

 Adjust alum dose 

 Adjust soda ash 

< 7.4 

> 8  

 

 Increase monitoring turbidity, 

jar test 

 Adjust dose 

<7 >8.5  

 

 Adjust soda ash dose 

 Increase monitoring 

 Turn pumps off, drain reservoir, flush 

mains, restart 
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Table 5: Ivanhoe CCPs and Limits 

Parameters  Monitoring 

Frequency 

Target      

Level 

Operational Procedures  Alert   

Limit  

Corrective Action Critical 

Limit 

Corrective Action 

Coagulation 

Turbidity 

  

 

  

Daily < 5 NTU 

 

 

 

 Daily monitoring at inlet and 

clarifier: turbidity, pH  

 Daily monitoring of aluminium at 

filter 

 Daily jar testing 

 Daily visual inspection of floc 

 Manual regular purge of sludge 

gates 

 Adjust alum dose as appropriate 

>5 NTU  

 

 Alert supervisor 

 Jar test 

 Adjust alum dose as required 

 Increased monitoring/testing 

 Discharge water from clarifier 

(no through flow to filter) 

 Monitor aluminium at clarifier 

 Recommence flow to filter 

when turbidity meets target 

 Inspect water source 

10 NTU 

 

 Alert supervisor, NSW Health and NSW 

Office of Water 

 Jar test 

 Process controls – investigate 

operational activities 

 Discharge water from clarifier (no 

through flow to filter) 

 Consider alternate supply/reduced 

flow/plant shut down 

 Investigate and desludge flocculator 

as appropriate 

 Recommence flow to filter when 

turbidity meets target  

 Increase monitoring  

Filtration 

Turbidity 

  

 

  

Daily 0.4 NTU 

 

 

 Daily backwash  

 Daily NTU monitoring at filters   

 Inspect media for mud balls - 

monthly; remove as appropriate 

and backwash until clear 

 Replenish media as appropriate 

1 NTU 

 

 Alert supervisor 

 Visual inspection of clarifier 

 Initiate backwash  

 Stop flow to treated water 

reservoir 

 Inspect treated water reservoir – 

if turbid water has flowed in, 

flush well 

 Recommence flow when 

turbidity meets target 

 Increase monitoring/testing 

 

>1 NTU 

 

 Alert supervisor, NSW Health and NSW 

Office of Water 

 Increase frequency of backwash  

 Process controls - investigate 

coagulation 

 Increase chlorine dose 

 Decrease flow through plant 

 Consider alternative supply, boiled 

water alerts 

 Stop flow to treated water reservoir 

and flush if required 

 Increase monitoring  
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Parameters  Monitoring 

Frequency 

Target      

Level 

Operational Procedures  Alert   

Limit  

Corrective Action Critical 

Limit 

Corrective Action 

Disinfection 

Chlorine 

residual at 

reservoir 

Daily 1 mg/L 

 

Monitor at treated water reservoir: 

pH, turbidity, free and total 

chlorine 

 

<1 mg/L 

 

Increase dose until residual at 

treated water reservoir reaches 

target  

  

<0.5  >5 

mg/L 

 Notify supervisor, NSW Health, NSW 

Office of Water 

 Increase chlorine dose 

 Investigate process/corrective pH 

 Flush mains, boiled water alert 

 Consider alternative source 

Chlorine 

residual at 

supply  

Weekly 

Daily 

(summer) 

0.4 mg/L 

 

 Monitor at supply and treated 

water reservoir: pH, turbidity, free 

and total chlorine 

  Flush mains fortnightly 

0.2 mg/L 

 

  Flush mains 

  Sample, test, flush 

 Increase chlorine dose  

 Increase monitoring/testing 

<0.2 mg/L 

 

 Notify supervisor, NSW Health, NSW 

Office of Water 

 Flush mains 

 Increase dose at plant 

 Boiled water alert 

Soda ash dosing 

pH at 

Clearwell 

Daily 7.4 - 7.8  Monitor turbidity, jar test 

 Adjust soda ash, alum as required 

<7.4   

>7.8 

 Increase monitoring turbidity, jar 

test 

 Adjust dose 

<7   

 >8.5 

 Adjust soda ash, alum dose as required 

 Increase monitoring 

 Turn pumps off, drain reservoir, flush 

mains, restart 

 



Based in Sydney and  Byron Bay, HydroScience Consulting (HSc) is an Australian consultancy 

dedicated to serving the water industry in Australia.

HSc provides planning and design services to public and private sector clients throughout Australia. 

We are committed to developing strong client relationships that become the foundation for 

understanding our clients’ needs and exceeding their expectations.

Byron Bay

Unit 6

64 Centennial Circuit

Byron Bay, NSW, 2481

Tel:  02 6639 5600

Fax: 02 6680 9319

Sydney

Level 1

189 Kent Street

Sydney, NSW, 2000

Tel:  02 9249 5100

Fax: 02 9251 4011

Email: hsc@hydroscience.net.au
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 0  0.00 True

Water

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 4CA1901039

:: LaboratoryClient NSW Department of Industry - DPI Water ALS Water Resources Group

: :ContactContact Mr Bruce Lamont Client Services

:: AddressAddress PO Box 717

Dubbo NSW 2830

16B Lithgow Street Fyshwick ACT Australia 2609

:Telephone 0458 268 453 :Telephone +61 2 6202 5404

:Project Wilcannia WTP Date Samples Received : 12-Feb-2019 12:00

:Order number 4500002422 Date Analysis Commenced : 12-Feb-2019

:C-O-C number ---- Issue Date : 20-Feb-2019 14:08

Sampler : Bruce Lamont

Site : Plus Darling River BP and Weir

Quote number : ----

4:No. of samples received

4:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Amanda Gonzalez Laboratory Technician Inorganics, Fyshwick, ACT

Ben Brissenden Sample Login Officer Administration, Fyshwick, ACT

Clare Kennedy Analyst Inorganics, Fyshwick, ACT

Geetha Ramasundara Chemistry Teamleader Inorganics, Fyshwick, ACT

Kai Squires Laboratory Manager ALS Environmental, Fyshwick, ACT

Titus Vimalasiri Metals Teamleader Inorganics, Fyshwick, ACT

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

CA1901039

Wilcannia WTP:Project

NSW Department of Industry - DPI Water

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

For samples collected by ALS WRG, sampling was carried out in accordance with Procedure EN67l

EP071 Performed at ALS Sydneyl

EP080 Performed at ALS Sydneyl

Result for pH in water tested in the laboratory may be indicative only as holding time is generally not achievable.l
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Work Order :

:Client

CA1901039

Wilcannia WTP:Project

NSW Department of Industry - DPI Water

Analytical Results

----Wilcannia WTP - 

Sampl No. 4

Treated Water - Res

Wilcannia WTP - 

Sampl No. 3

Raw Water - Bore 1

Darling River 

Wilcannia Weir - 

Sample No. 2

River

Darling River 

Wilcannia BP - Sample 

No. 1

River

Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

----07-Feb-2019 14:3007-Feb-2019 14:3007-Feb-2019 10:3007-Feb-2019 10:15Client sampling date / time

--------CA1901039-004CA1901039-003CA1901039-002CA1901039-001UnitLORCAS NumberCompound

Result Result Result Result ----

EA116CA: Temperature

24.6 24.6 24.6 24.6 ----°C0.1----Temperature

EA005CA: pH

8.23 8.26 7.98 8.09 ----pH Unit0.01----pH

EA010CA: Conductivity

2760 3380 1320 1300 ----µS/cm2----Electrical Conductivity @ 25°C

EA040CA: Colour - Apparent

297 199 93 5 ----PCU1----Colour (Apparent)

EA045CA: Turbidity

28.1 16.1 11.5 0.5 ----NTU0.1----Turbidity

ED037CA: Alkalinity

<0.1Hydroxide Alkalinity as CaCO3 <0.1 <0.1 <0.1 ----mg/L0.1DMO-210-001

<0.1Carbonate Alkalinity as CaCO3 <0.1 <0.1 <0.1 ----mg/L0.13812-32-6

186Bicarbonate Alkalinity as CaCO3 164 233 211 ----mg/L0.171-52-3

186 164 233 211 ----mg/L1----Total Alkalinity as CaCO3

EP005CA: Total Organic Carbon

23ø 22 4 3 ----mg/L1----Total Organic Carbon (as NPOC)

EA015CA: Total Dissolved Solids

1480 1710 769 665 ----mg/L10----Total Dissolved Solids

EG005CA: Dissolved Metals by ICP-OES

42.2Calcium 66.6 31.2 30.8 ----mg/L0.057440-70-2

77.0Magnesium 97.6 17.0 17.0 ----mg/L0.057439-95-4

EG005CA: Total Metals by ICP-OES

0.30Aluminium 0.26 <0.02 0.19 ----mg/L0.027429-90-5

0.51Iron 0.34 1.74 0.05 ----mg/L0.017439-89-6

0.220Manganese 0.130 0.233 0.019 ----mg/L0.0017439-96-5

EA065CA: Total Hardness

422ø 568 148 147 ----mg/L1----Total Hardness as CaCO3

EA071CA: Langeliers Index

105ø 166 78 77 ----mg/L1----Calcium Hardness as CaCO3

EP080: BTEXN

<1Benzene <1 ---- ---- ----µg/L171-43-2
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Work Order :

:Client

CA1901039

Wilcannia WTP:Project

NSW Department of Industry - DPI Water

Analytical Results

----Wilcannia WTP - 

Sampl No. 4

Treated Water - Res

Wilcannia WTP - 

Sampl No. 3

Raw Water - Bore 1

Darling River 

Wilcannia Weir - 

Sample No. 2

River

Darling River 

Wilcannia BP - Sample 

No. 1

River

Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

----07-Feb-2019 14:3007-Feb-2019 14:3007-Feb-2019 10:3007-Feb-2019 10:15Client sampling date / time

--------CA1901039-004CA1901039-003CA1901039-002CA1901039-001UnitLORCAS NumberCompound

Result Result Result Result ----

EP080: BTEXN - Continued

<2Toluene <2 ---- ---- ----µg/L2108-88-3

<2Ethylbenzene <2 ---- ---- ----µg/L2100-41-4

<2meta- & para-Xylene <2 ---- ---- ----µg/L2108-38-3 106-42-3

<2ortho-Xylene <2 ---- ---- ----µg/L295-47-6

<2 <2 ---- ---- ----µg/L2----Total Xylenes

<1 <1 ---- ---- ----µg/L1----Sum of BTEX

<5Naphthalene <5 ---- ---- ----µg/L591-20-3

EP080/071: Total Petroleum Hydrocarbons

<20 <20 ---- ---- ----µg/L20----C6 - C9 Fraction

<50 <50 ---- ---- ----µg/L50----C10 - C14 Fraction

<100 <100 ---- ---- ----µg/L100----C15 - C28 Fraction

<50 <50 ---- ---- ----µg/L50----C29 - C36 Fraction

<50 <50 ---- ---- ----µg/L50----C10 - C36 Fraction (sum)

EP080/071: Total Recoverable Hydrocarbons

<20C6 - C10 Fraction <20 ---- ---- ----µg/L20C6_C10

<20C6 - C10 Fraction  minus BTEX 

(F1)

<20 ---- ---- ----µg/L20C6_C10-BTEX

<100 <100 ---- ---- ----µg/L100---->C10 - C16 Fraction

<100 <100 ---- ---- ----µg/L100---->C16 - C34 Fraction

<100 <100 ---- ---- ----µg/L100---->C34 - C40 Fraction

<100 <100 ---- ---- ----µg/L100---->C10 - C40 Fraction (sum)

<100 <100 ---- ---- ----µg/L100---->C10 - C16 Fraction minus Naphthalene 

(F2)
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Glossary 
Term Definition 

Abutments The walls and extents that flank the side edges of a weir or other hydraulic structure, and which 
support the river banks on each side of the weir 

Bank The edge of a river.  Note that left and right refer to the river viewed looking downstream. 

Bank protection Works to protect a bank from erosion or undermining by scour. 

Control structure Device constructed in a channel or between water bodies, used to control the flow passing the device 
and/or the water level on either side of the device.  Many control structures have movable gates.  A 
weir is an example of a simple control structure. 

Crest (of weir) Top part of weir.  The level of the crest, its length and its cross-sectional shape determine the 
discharge (flow) characteristics of the weir. 

Differential head, Δ H Difference between water surface levels upstream and downstream of a hydraulic structure. 

Erosion Process by which material forming the bed or banks of channel is removed by the action of flowing 
water or waves. 

Fishway A device provided to allow fish to migrate over or round a weir that would otherwise obstruct the 
movement of fish. 

Flood bank Embankment, usually earthen, built to prevent or control the extent of flooding.   

Flow Flow rate or discharge. 

Freeboard Height of the top of a bank, flood bank, or structure above the level of the water surface.  Freeboard is 
provided as a safety margin above the maximum design water level to allow for uncertainties. 

Head (of water) The height of water level above a datum (such as the weir crest). Note, there are more technically 
precise definitions of head. 

Head loss The drop in water level across a weir or other hydraulic structure. 

Hydraulic structure Structure used to control or convey flow; or structure built in a position where it may affect, or be 
affected by, flow. 

Invert level Level of the lowest point in a natural or artificial channel. 

Left and Right Reference to left and right is with respect to the view in the downstream direction, in accordance with 
industry practice. 

Main river Certain watercourses are designated as “main river”.  These are shown on a statutory map. The 
Agency generally has an enhanced supervisory duty for such watercourses. 

Percentile Term used to indicate thresholds or boundary values in frequency distributions.  For example, the 95th 
percentile is that value which marks off the lowest 95 percent of observations from the rest and 
exceeds all but 5 percent of the values; the 50th percentile is the same as the median value (i.e. middle 
value in a ranked list of all values). 

Regulator Hydraulic structure for controlling water levels or division of flow. 

Scour Erosion resulting from the shear forces associated with flowing 

water or wave action. 

Sediment Erodible material forming bed or banks of channel, which may be eroded or deposited depending on 
the prevailing flow conditions. 

Tailwater level Water level downstream of a hydraulic structure. 

Weir An artificial obstruction in any watercourse that results in increased water surface level upstream for 
some, if not all flow conditions.  A structure in a river, stream, canal or drain over which free-surface 
flow occurs.  May be used variously for control of upstream water levels, diversion of flow, and/or 
measurement of discharge.  
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Abbreviations and Notations 
H ...................... structure differential head 
≈ or ~ .................. approximately equal to 
AEP .................... annual exceedance probability 
AHD / mAHD ...... Australian Height Datum (in metres) 
ARI ..................... average recurrence interval 
Ch or CH ............ chainage, or channel 
CTF .................... cease-to-flow; or commence-to-flow 
DEM / DTM ........ digital elevation model / digital terrain model 
dia. ..................... diameter 
DoI ..................... Department of Industry 
DoI Fisheries ...... Fisheries Division, Department of Industry 
DoI Water ........... Water Division, Department of Industry 
Drg. .................... drawing 
D/S or d/s ........... downstream 
FSL .................... full supply level 
FW ..................... fishway 
GA ...................... general arrangement 
GL ...................... gigalitres (1 x 109 L) 
HWL ................... headwater level (upper pool or storage level) 
L/s ...................... litres per second 
ML/day or ML/d .. megalitres (1 x 106 L) per day 
m3/s .................... cubic metres per second 
No. ..................... number 
nom. ................... nominal 
NS / NSL ............ natural surface / natural surface level 
NSW .................. State of New South Wales 
Q ........................ flowrate (or discharge) 
RL ...................... reduced level 
T.O. .................... top of 
TWL ................... tailwater level 
typ. ..................... typical 
U/S or u/s ........... upstream 
WL / WSL ........... water level / water surface level 
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1. Introduction 
1.1 Purpose  
This report concentrates on providing the NSW Department of Industry (DoI) with a high-level 
costs and benefits assessment of the available weir-type options (fixed or modulating/gated). 

A detailed re-visit of the existing cost estimate for a new, fixed crest weir (as detailed in the 
previous scoping studies) has not been undertaken.  Costs for fixed versus modulating type weirs 
and the addition of a combination type weir has been considered on a relative basis and utilising 
existing information. 

This review is not intended to be a comprehensive summary of weir type options, rather it 
provides insight into the various weir types and designs, their relative costs, functionality aspects, 
and some of the considerations necessary for implementation. 

 

1.2 Background 
The existing Wilcannia Weir on the Darling River is an in-stream weirpool storage that serves as 
the main source of town water supply for the township of Wilcannia.  The weir supply is 
supplemented by a reserve water supply provided by an existing and limited alluvial groundwater 
bore system. 

The existing weir is over 70 years old and is substantially deteriorated.  This has resulted in 
difficulty of maintaining the weir full supply level (FSL) during drought periods.  Accordingly, 
extensive weir refurbishment works would be required. 

The existing Wilcannia Weir is a fixed crest type structure with no gated or pipework outlet 
provisions.  Section 2 briefly outlines the history of this weir.  A fixed crest type weir has been 
used previously for the project as the basis for all refurbishment and replacement weir options 
investigated to date.  If a modulating weir were to be considered then additional complexities and 
costs could be anticipated.  However, the applicability of providing a gated structure is considered 
here along with the potential benefits that may be gained. 

The term “modulating” generally refers to a gated weir that can be opened or closed 
progressively on-demand via manual or automatic means in response to river flow conditions or 
other operational requirements and triggers.  Gates associated with a modulating mode of 
operation are typically of the lay-flat or tilting type, which provide for flow over the top of the gates 
rather than below a raised gate.  Gates may extend across the full width of the structure (with or 
without piers) or be used for part of the structure width in conjunction with a fixed crest portion.  

The provision of weir outlet gates is typically associated with preservation of in-channel flood 
waterway area at constrained sites, for regulating upstream weirpool levels or controlling flow 
releases from the weirpool to meet downstream water demands. 

1.3 Weir Location Options 
The construction of a new replacement weir is currently being considered at either the existing 
weir site or at one of a number of potential new weir sites located downstream, beyond the 
Barrier Highway bridge.  A new weir located downstream has the potential to deliver additional 
benefits over the existing weir site. 

1.4 Project Objective 
The objective is to undertake a high- level costs and benefits assessment of the two nominated 
weir type options, with the aim of confirming the suitability of a fixed crest type weir against the 
relative benefits of a modulating type weir with consideration of relative additional costs. 
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2. Weir Structure and Design 
2.1 History  
The existing weir was originally constructed in 1942 with major refurbishment works carried out in 
1987.  The weir is a fixed crest steel sheet-pile structure up to about 3.5m high with an indicative 
46m long crest.  The existing weir crest level is RL65.65mAHD. 

The historical staging of works and the respective main weir elements are comprised as follows: 

(A) Original Weir 
▪ An impervious clay earthfill embankment core; 

▪ A central line of steel sheet piling with concrete capping, serving as the main 
provision for under-seepage control in conjunction with the clay core; 

▪ Timber plank sheet piling at each bank abutment; 

▪ Stepped timber crib work on the downstream side filled with stone and anchored at 
each step with circular timber piling; and 

▪ Rockfill sour protection. 

(B) Refurbi shed Weir (additional work s) 
▪ Concrete capping of the steel sheet piling with a small increase in the main crest level 

due to infilling of the central low flow spillway; 

▪ Extension of concrete capping on the left abutment and addition of wing walls (0.3m 
raisings) on both abutments; 

▪ Restoration of adjacent riverbank and bed areas due to scouring; and 

▪ Placement of rockfill to reform and stabilise upstream and downstream embankment 
batter faces. 

An available selected drawing of the existing weir is provided in Appendix B. 

2.2 New Weir Site 
At this stage, Site A2 which is located 5.25km downstream from the existing weir is considered 
the preferred site for a new Wilcannia Weir.  The construction of a new weir would require 
consideration of the need for fish passage facilities. 

Refer to Figure 2-1 and Wilcannia Weir Upgrade Report titled Reconnaissance of Four New Weir 
Sites, Report No. DC13030 dated March 2013 by NSW Public Works. 
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Figure 2-1  Location of  potent ial weir sites 

 

3. Methodology 
The methodology to carry out this high level costs and benefits assessment of the two nominated 
weir type options (fixed or modulating/gated) generally comprised the following activities: 

▪ Familiarisation with existing fixed crest weir type options within available reports in 
terms of included works, costs and associated benefits; 

▪ Liaison to establish the functionality requirements for a modulating weir and to 
identify any apparent need for a weir of this type; 

▪ Identification of the main components of a modulating type weir structure; 

▪ Preparation of order of cost estimates for a modulating type weir, determined relative 
to the cost for a fixed crest type weir; 

▪ Identification of the main structure costs and differences between the two main weir 
type options; 

▪ Identification of the key benefits associated with a modulating type weir and 
comparison with those for a fixed crest type weir; and 

▪ Confirmation of the suitability of a fixed crest type weir. 

 

4. Weir Type Options 
4.1 General 
By definition, a weir is a raised wall structure constructed across a river to raise the water level in 
the river, and to regulate and change the river water flow characteristics.  Weirs act like miniature 
dams, blocking the flow of water, and causing it to pool behind until it is deep enough to flow over 
the top of the weir. 
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Weirs come in a wide range of shapes, forms and sizes, with the choice of type normally driven 
by the fundamental purpose of the weir.  An overview of fixed crest and modulating weirs along 
with a combination type weir structure are outlined in Table 4-1. 

Table 4-2 summarises the advantages and disadvantages of the main weir type options listed. 

At this stage of the project, it is appropriate to only consider weir type option benefits and costs in 
general or indicative terms. 

The main types of weirs can be classified under the following categories: 

▪ Fixed crest weir: 

 Earthfill clay core with rock protection; 

 Concrete; 

 Sheet pile weir. 

▪ Modulating / gated weir: 

 Full width Vertical gates; 

 Full width Tilting gates. 

▪ Combination (i.e. a fixed crest weir with a gated section and/or a scour pipe outlet). 

The above combination (partially gated) type weir option, has also been included to cover the 
anticipated most likely preferred weir type for Wilcannia at this stage of the project based on an 
apparent best fit for the project and purpose.  The gated component would be aimed at water 
quality management of the weirpool during no or low flow periods when the water level is drawn 
down below the weir crest and in response to poor water quality inflows. 

Both fixed crest and modulating weirs are used widely as hydraulic control structures for water 
supply and river operation purposes.  A fixed crest weir would usually be targeted at achieving a 
fixed weirpool storage capacity and when there is no requirement for regulation of flows 
downstream or to control the weirpool level. 

Weir gates are mechanically movable devices that are used to regulate flow releases from the 
weirpool and/or to control weirpool levels, which may be performed simultaneously.  Traditionally, 
undershot gates – that is, the flow passes under the gate were typically used.  However, in more 
recent times, overshot gates – where the flow pass over the top of a lowered gate are increasing 
common.  This is due to simplicity of operation and significantly improved passage of 
downstream moving fish, eggs and larvae, and the clearance of debris. 

 

https://www.sciencedirect.com/topics/engineering/hydraulics
https://www.sciencedirect.com/topics/engineering/control-structure
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/weir
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Table 4-1  Weir type option   

Weir type options Sub-Group Pictorial / photographic view 

1. Fixed Crest Weir   

Fixed Crest Weir 

Fixed Crest Weirs are 
incorporated into water storage 
systems when adjustment of the 
sill invert will not be required 
after installation. These 
structures can guarantee a 
minimum water level in the 
system behind the structure at a 
desired invert to satisfy 
management objectives. 

 

A. Earthfill clay core with rock protection 

Earthfill clay core weirs are made up mostly from compacted earth (either homogeneous or zoned) with rock protection.  The materials 
are usually excavated or quarried from nearby sites. 

The structure, with an upstream slope of 1(V) to 3(H) and downstream slope of 1(V) to 3 - 8(H).  Local materials that meet the criterion 
listed at Table A.1 below may be suitable for use to construct the embankments. However, if the material is deemed unsuitable, then the 
material will need be treated or stabilised before re-use or imported.  The structure sits on properly prepared foundation with a cut-off 
trench (or keyway) to minimise seepage under the embankment and to increase the stability of the structure. 

Rock protection would need to be incorporated in the design to provide erosion protection, especially during floods, and sized with a 
minimum D50 = 500mm. 

Table A1 

Material Criteria 

Clays • Exclude* materials with clay content (i.e. material less than 2 microns) less than 15%.  

• Exclude* hard clay lumps which will not readily absorb the required moisture content.  

• Exclude* materials with an Emerson Class Number of 1 or 2.  

• Exclude* materials that have a permeability coefficient of more than 10-8m/s.  

• Exclude* materials that are prone to piping and surface erosion.  

• Exclude* materials that contain rubbish, roots and organic material. 

• Exclude* materials contaminated through past site usage 

Clays of high plasticity: Exclude* materials with plasticity index of less than 10 

Material containing large 
particles after 
compaction: 

Exclude* materials, stones or rock fragments with dimensions greater than 75mm 

 

Over wet materials:   Exclude* over wet materials 

Gravels or rock fill which 
leave voids:    

Exclude* Gravels or rock fill which leave voids  

 

Saline soils:   Exclude* saline soil materials 

Carbonate soils: Exclude* carbonate soil materials 

Demolition rubble: Exclude* demolition rubble materials 

Note: 

Exclude* means that the material cannot be used directly but will need to be treated or stabilised before re-use. 

 
 

 
 

 

 B.  Concrete 

• Sharp-crested weir or Narrow-crested weir 

• Broad- crested weir 

• Ogee-shaped weir 

 

Sharp-crested weir: Weir with a crest section of small thickness measured in the direction of flow. For accurate flow gauging, the crest 
is normally chamfered with the horizontal tip having a thickness of the order of 1-2 mm. Such structures are not normally used as 
permanent weirs in rivers and streams, but are used for measuring flow in the laboratory and small channels. 
 

  

https://britishdams.org/glossary/compaction.htm#conpaction
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Broad-crested weir: Most weirs in rivers are effectively broad crested, although with many variations in shape. 

 
 
 
 
 
 
 
 
 
Ogee-shaped weir: Crest profile conforms to prescribed cure for hydraulic efficiency. Commonly used for dam spillways 
 
 

Sharp or narrow crested 

 

Broad crested 

 

Ogee-shaped 

 

 Dubbo South Weir – Fixed crest ogee weir (undesirable due to safety hazard resulting from hydraulic roller eddy on downstream side at 
moderate flows) 

 
 

 
 C. Sheet pile weir 

Construction of sheet pile weir by driving them into the waterway to the required height. Pilings can be manufactured from a range of 
materials to suit the requirements of the system, including steel, recycled plastics and vinyl for increased resistance against corrosion. 
Individual pilings can be cut to the required length. 

Rock protection is required in the design to provide erosion protection, especially during floods, and sized with a minimum D50 = 500mm. 

This weir design is excellent for use in sensitive environments where minimal disturbance to the n a t u r a l  e c o - system is required.  
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 Lake Cargelligo Weir – Fixed crest sheet pile weir with retro fitted large vertical slot fishway. 
 

 
 Walgett Weir – Fixed crest sheet pile rock fill weir 

 

 

2. Modulating/ Gated Weir   
Modulating/Gated weir water 
levels are controlled operation 
of gates. The controlled by 
operation of gates is a key 
component of storage and 
floodplain management. 

Controlled flushing through 
existing structures and gates 
may be possible dependent 
upon their individual 
circumstances.  

Such gates can be manually 
activated by hand or designs 
may incorporate more 
advanced technologies 
capable of providing self-
operation. 

 

A. Full width Vertical Gates 

Vertical gates are normally fitted to a civil structural framework. The gates function by operation of a sluice gate placed on the landward 
side of a culvert. Designs can vary, with t h e  s t ru c t u re  consisting of a single or multiple gates controlling flow through one or multiple 
culverts. The gate can be opened to a required height and will remain in position until it is reset. 

This option provides excellent water level control. The gate may be fully opened to allow rapid influx of river water or discharge of waters, or 
fully closed for full retention. 

These gates can be operated manually or driven by 2 gearboxes mounted into the top cross beam. 
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 B.  Full width Tilting weir 

A tilting weir consists of a steel gate (gates) hinged at the bottom such that it can be raised or lowered to act as a weir with a variable 
crest level. These gates can be operated by hydraulic rams or cables. 
These weirs allow accurate control of the upstream water levels by means of a weir plate fixed to two side cheeks that rotate through a 
90 Degree axis located into the base frame of the weir. The two side cheeks can be operated manually or driven by 2 or more 
gearboxes mounted into the top cross beam. 
The design incorporates a moveable gate about an aperture at the top of a weir. The movement of this gate is governed by means of a 
set of floats on the downstream side of the structure. 
Wire ropes are attached to the gate on the upstream side, the length of which are set to guarantee a desired minimum water level behind 
the structure. The gate may be raised or lowered about the aperture, by adding or removing specialised blocks as required under the 
gate. 
 

 

 

3. Combination with and 
without a Vertical Slot 
Fishway 

  

 Stevens Weir – Fully gated weir with large vertical lift gates (vertical lift gates are now undesirable due to very high fish mortality for 
downstream moving fish). 
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 Colligen Creek Weir – Tilting gate outlet adjacent vertical slot fishway for fish attraction to entrance slot. 
 

 

 Bumbuggan Weir – Fixed crest sheet pile rock fill weir with concrete crest section containing twin tilting gate outlet 
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 Yallakool Creek Weir - Fully gated weir with tilting gates and integrated vertical slot fishway. 
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4.2 Advantages and Disadvantages of the Weir Type Options 
As mentioned in the table above, weirs have been constructed to provide storages for town water 
supply, measure water flow rates, alter and divert the flow of rivers, or to control flooding in some 
cases.  Small weirs can help improve fish numbers by providing an upstream drought refuge, 
stabilisation of water levels, or reducing upstream velocities. 

Weirs do have drawbacks, such as, potentially increased sedimentation upstream and as a 
barrier to upstream fish passage.  To mitigate a weir structure that is barrier to fish passage, a 
fishway is typically required to be integrated into modified or new weirs.  A fishway is expected to 
be required for an upgraded weir at Wilcannia.  This requirement is established via the NSW 
Weirs Policy and the Fisheries Management Act, 1994. 

Sedimentation can occur as the water slows on entering the weirpool due to the increase in depth 
of flow.  Generally, increasingly finer sediment tends to settle out as flow speeds decrease.  It is 
understood that this issue is more of a concern in steeper rivers compared to flatter slope rivers.  
The Darling River at Wilcannia is considered to be relatively flat with river slopes found, within a 
related study, to be typically in the range of 1V:10,000H to 1V:20,000H. 

Weirs can present a significant danger to recreational river users, particularly where re-
circulating, eddying, backwash and/or highly-turbulent water is generated in the river immediately 
downstream of the weir structure crest and/or gates.  These turbulent eddy currents have the 
potential to draw-in and trap people and their animals leading to a real risk of drowning including 
for anyone who may attempt rescue.  Accordingly, experienced designers and care is required in 
the design of any river structure, including a weir, to minimise these and other dangerous 
conditions, particularly where access by the public is difficult or impossible to control. 

Table 4-2 below summarises the advantages and disadvantages of fixed and modulating/gated 
weirs. 
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Table 4-2  Advantages and disadvantages 

Type Advantages Disadvantages Considerations 

1. Fixed Crest 
Weir 

  
 

 A. Earthfill core with rock protection 
 

▪ Initial capital cost of the weir is low; 

▪ Guarantees minimum water level retention capacity;  

▪ Low maintenance requirements;  

▪ Less susceptible to unauthorised adjustment of the 
desired invert;  

▪ Can incorporate water control gates to allow greater 
management of water exchange. 

 

▪ Low control on flow; 

▪ Less flexibility with manipulating water levels; 

▪ No provision for transport communication along the river; 

▪ Chance of silting on the upstream side; 

▪ The installation or removal of these structures can cause significant 
disturbance to the waterway; 

▪ Upstream fish passage is only possible when water levels become 
high enough to sufficiently submerge the weir. 

Bank stabilisation at the edges of the structure is advisable for the alleviation of 
erosive processes.  Similarly, stabilisation at the base of the structure will assist in 
preventing erosion by undercutting. 

Depending on the scale and size of the weir, specialised engineering will be 
required at critical stages of the investigation, design and construction.  In any 
case, an appropriately qualified and experienced engineer should be consulted.  
Engineering expertise can be used during the planning, and construction of the 
weir, as well as throughout the life of the dam. 

The cut-off trench is required to be taken down into impervious sub-surface soil 
and backed filled with good quality clay that is thoroughly compacted. 

A crest settlement allowance for the total length of the crest of 5% of embankment 
height is required unless otherwise recommended by the engineer. 

 B. Concrete weir: 

1. Sharp-crested weir Narrow-crested weir; 

2. Broad- crested weir; 

3. Ogee-shaped weir. 

 

▪ Guarantees minimum water level retention capacity;  

▪ Low maintenance requirements;  

▪ Less susceptible to unauthorised adjustment of the 
desired invert;  

▪ Can incorporate water control gates to allow greater 
management of water exchange. 

▪ Initial capital cost of the weir is high; 

▪ Installations such as those involving set in place concrete can be 
labour intensive and cost prohibitive; 

▪ Low control on flow; 

▪ Less flexibility with manipulating water levels; 

▪ No provision for transport communication along the river; 

▪ Chance of silting on the upstream is more; 

▪ The installation or removal of these structures can cause significant 
disturbance to the host waterway; 

▪ Upstream fish passage is only possible when water levels become 
high enough to sufficiently submerge the weir. 

Bank stabilisation at the edges of the structure is advisable for the alleviation of 
erosive processes.  Similarly, stabilisation at the base of the structure will assist in 
preventing erosion by undercutting. 

For adequate sealing capacity, the structure should be constructed at a length 
appropriate to allow each end to be keyed, or extended, into both banks of the 
waterway at a minimum distance of 1.5m as to prevent water seeping through the 
soil around the structure.  It may be more appropriate in some situations to 
excavate a trench the required length for the key and repack it with clay, or utilise 
a sheet piling product.  Similarly, the height of the weir should provide adequate 
length so that when it is driven to the operational invert, it penetrates deep enough 
into the waterway floor to prevent leakage underneath the structure. Assessment 
of localised hydraulic conductivity of soils can assist in identifying these values. 

Ideally, a retention structure should be situated at the toe of the levee where there 
is a naturally lower hydraulic conductivity in the soil.  This will help to reduce the 
groundwater seepage loss around the weir. 

Dependent upon the operational invert and associated flow regime, fixed level 
retention structures can act as a barrier to both fish passage and downstream 
waters. 

 C. Sheet pile weir 

▪ Guarantees minimum water level retention capacity 
providing excellent water level control; 

▪ Interlocking sheet piling provides excellent sealing 
capacity; 

▪ Structure can be constructed to any length required; 

▪ Can incorporate water control gates; 

▪ Flexibility provides resistance against impact and is 
generally tolerant of minor ground movements; 

▪ Sheet piling installation may be linear or curved; 

▪ Possible construction materials typically include steel 
sheet piling and corrosion resistant materials such as 
vinyl or recycled plastic; 

▪ Relatively fast installation; 

▪ Not adjustable without modification of original installation; 

▪ May require the addition of rock fill for additional structural support; 

▪ Sheet piling often results in some leakage; 

▪ Upstream fish passage is only possible when water levels become 
high enough to sufficiently submerge the weir. 

Piles should be of an appropriate length to allow them to be driven to the required 
invert at a depth that provides adequate support for the weir to withstand the 
forces acting upon it from the waterway.  Addition of rockfill can enhance support 
of the structure. 

Concrete capping of steel sheet piling provides a means of protecting the piling 
against corrosion where it is most susceptible. 
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▪ Potential for minimal ground disturbance and 
excavation with piling driven into the ground; 

▪ Sheet piling may be removable; 

▪ Typically, very cost effective, with potentially reduced 
cofferdamming requirements; 

▪ Low maintenance. 

2. Modulating/ 
Gated Weir 

   

 A. Vertical lift gates 

▪ Provide excellent water level control and flood 
protection; 

▪ Provide excellent sealing capacity; 

▪ Adjustable and reliable; 

▪ Manual actuation systems less expensive.  Provision 
for data logging equipment and automated actuation 
systems for development as a smart gate. 

 

▪ Can be expensive especially when fully automated; 

▪ Manually operated designs require intervention; 

▪ Friction can develop in the tracks whilst opening or closing gates; 

▪ Vertical winching mechanisms may result in the gate jamming open 
during outflow.  This can be overcome by use of a worm drive 
mechanism; 

▪ Vertical space required above culvert for actuation system; 

▪ Can require additional WHS infrastructure to provide safe, working 
access; 

▪ Fish Passage is restricted to the size of the opening relative to the 
gate position and the velocity of water passing through the aperture; 

▪ A barrier exists for the duration of gate closure. 

Vertical gates often require space vertically above the actuation systems. The material chosen 
for construction of the gate should be strong enough to withstand impacts from floating debris 
and the natural forces of the system. The vertical winching actuators may become jammed 
during outflow, so worm or screw drive mechanisms are advisable. The use of automatic 
actuators, such as electric motors and pneumatic systems, will significantly add to design and 
on-going maintenance costs. Ongoing maintenance is intensive, with actuators requiring regular 
attention to ensure correct operational functionality, and breakdown events can be expensive. 

 B. Tilting gates 

▪ Provides excellent water level control; 

▪ Gate adjustable to desired elevation; 

▪ Self-automated; 

▪ Structural concrete precast for more effective 
construction and installation; 

▪ Over shot flow conditions; 

▪ Improved downstream fish passage. 

▪ Floating debris may damage or jam operation of gate; 

▪ Gate height may be difficult or inappropriate to adjust under 
significant head pressure; 

▪ No protection against flood waters above the maximum sill invert; 

▪ Easily tampered with or vandalised which can result in the 
unauthorised lowering of the operational invert; 

▪ May require additional WHS infrastructure for safe working access. 

The floatation devices must be adequately buoyant to counteract the weight of the gate. The use 
of stainless steel products is recommended for fixtures and wire rope fittings for better protection 
against corrosion 

3. Combination – 
fixed crest weir 
with a gated outlet 
provision for 
water quality 
management 

As per fixed crest weir benefits listed for above combined with the 
general functionality a gated with in terms of downstream flow 
releases. 

 This combined option is envisaged to include a nominal 1m diameter pipe scour system and 
possibly a gated concrete crest section containing 1, and possibly 2, relatively small outlet tilting 
gates.  Refer to Subsection 4.1 for further information. 
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5. Cost Estimates 
5.1 Costs 
An order of cost estimate of the options considered has been prepared for the provision of a new 
weir at Wilcannia with a crest level matched to that of the existing weir.  An assumed vertical slot 
fishway has also been assumed and included for costing purposes.  A 1m increased crest level 
would incur additional costs for both the weir and fishway above those presented here. 

The estimated costs are intended only to highlight the relative difference in costs between the 
various weir type options rather than a true reflection of the overall cost of a new weir at 
Wilcannia. 

The costing prepared for the gated weirs has assumed that gates would be electrically actuated 
for comparison purposes.  However, due to anticipated flood overtopping of the weir at times then 
gate actuation may need to be by hydraulic means otherwise overhead hoist gear would need to 
be positioned at a high level clear of major flood inundation. 

A cost estimate summary is provided in Table 5-1 and a breakdown of the options considered, is 
provided in Appendix B. 

All costs and quantities for a preferred option would be confirmed at a later stage following the 
development of structure layouts and a concept design and the availability of design criteria. 

 

Table 5-1  Relative order of  cost estimate summ ary  

Option 
No. 

Description Cost ($) 

1. Fixed crest weirs  

1A Earthfill core with rock protection with scour 
system 

6,539,134* 

1B Concrete weir with scour system 6,730,332** 

1C Sheet pile weir with scour system  7,247,592 

2. Modulating / gated weirs  

2A Full width vertical lift gates 8,855,614 

2B Full width tilting gates 10,091,989 
Table Notes: 

* The apparent lower cost for this type of weir may be offset by site conditions, 
construction material availability, potential increased risk of failure and added costs 
related to more stringent construction quality control requirements.  This type of weir 
would be unconventional for a large weir within NSW. 

** A concrete weir structure is more likely to generate dangerous downstream 
hydraulic conditions that present an unacceptable safety risk to the public in the context of 
the current project.  A concrete structure would likely only be viable and of a lesser cost 
that a steel sheet pile rockfill weir if it were to be wholly founded on sound rock – not 
expected to be available in the vicinity of the preferred weir site. 

For this study, we have adopted Option 1C (Sheet pile weir) to represent the Fixed Crest 
Weir option. 

Costs provided have been based on Jacobs (2016) for the Sheet pile weir option, as a 
comparison with the other options listed. 
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5.2 Summary Comparison of Fixed Crest Weir vs Modulating/Gated Weir 
Table 5-2 summarises the cost comparison between a fixed crest and modulating/ gated weirs. 

The intention has been to provide a relative assessment of costs between the different weir type 
options.  It is expected that during the next stage, initial weir structure designs will be prepared 
and costing prepared for the preferred option will be revisited. 

 

Table 5-2  Cost comparison 

Option 
No. 

Description Cost ($) Additional cost ($) 

1. Fixed Crest weir 7,247,592 - 

2. Modulating / Gated weir   

2A Vertical Gates 8,855,614 1,608,022 (~25% extra) 

2B Tilting Gates 10,091,989 2,844,397 (~40% extra) 
 

The above order of costs are generally considered to be on the low side, while the additional cost 
percentages for the provision of a significant overall width of gates compared to a fixed crest weir 
should also be viewed cautiously.  Importantly, the need to provide gates would impact the type 
and arrangement of weir structure and invariably the overall estimated cost.  Generally, an overall 
(current) budget provision of around $15M for a proposed new weir and fishway at Wilcannia is 
considered to be reasonable, as is understood to have been previously proposed. 

 

6. Discussion 
6.1 General 
This study suggests that a fixed crest type weir is more economical to construct compared to a 
gated weir, as could be anticipated.  However, there is an expectation that some form of gated 
provisions would need to be incorporated into the weir for the purpose of water quality 
management.  Additionally, these provisions are understood to be required to allow for the draw-
off of stored water from both surface level and bed level. 

In relation to the type of gates envisaged and in accordance with previous comments above, 
vertical (undershot) gates are generally unacceptable in terms of downstream mortality of fish 
passing under the gates.  Consequently, surface water draw-off would be best served by the 
provision of at least one overshot type gate, whether a tilting type or a vertically lowering type. 

The overshot gate(s) may be installed within a concrete section comprising a base slab and piers 
between which the gate(s) would sit. 

Bottom draw-off may be achieved via a scour outlet system that may consisting of: 

▪ 1m (say) diameter pipe; 

▪ Intake structure;  

▪ Screen structure; 

▪ Control gate; 

▪ Outlet discharge structure. 
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Depending on requirements it may be possible to combined both the functions of surface and bed 
level draw-off within the scour pipe outlet system. 

Implications of major floods on gates 

At Wilcannia, the proposed weir would be substantially overtopped during times of major floods.  
Consequently, if gated outlet provisions are to be provided then this may preclude any significant 
overhead walkway or operating platform that could otherwise be damaged unless at a very high 
level.  Alternatively, operation of any gates could be via hydraulic or portable actuators rather 
than electrical means.  Infrequent gate operation, such as only during times of drought, would be 
well suited to the use of portable actuators subject to the location and availability of trained 
operator personnel.  Automated or remotely operated gates would require communications and 
availability of electrical power supply.  One arrangement could be to provide electrical power 
supply to a control building located on top of the western (high) river bank and from there a 
hydraulic motor could generate hydraulic fluid pressure along lines running to gate hydraulic 
actuators.  Monitoring and control may then be via either manual/local means or a suitable data 
connection. 

Weir Selection Prerequisites 

The desired management outcome, along with a sound understanding of hydraulic and 
geotechnical conditions and, environmental and biological processes of the system under 
consideration, is required for selection of an appropriate design.  Current legislation and approval 
requirements must also be considered when choosing the weir structure design and functionality. 

In addition:  

▪ Apart from the initial cost for the modulating/gated weir being higher, additional costs 
for continuing regular operation and maintenance of the structure has not been 
included; 

▪ A fully gated structure is not required at Wilcannia for flood management and flood 
passage purposes as the invert and structure are located well below the river banks; 
and 

▪ At this stage, there is no specific objective and design criteria for weir pool level 
manipulation. 

 

6.2 Engineering 
In engineering terms, the design of a weir must satisfy the following fundamental requirements: 

▪ Hydraulic performance – the weir must provide the desired hydraulic performance 
throughout the full range of flow conditions, from low to flood flows; 

▪ Weir Foundations - including river channel stability upstream and downstream and 
control of under seepage; 

▪ Structural integrity – the weir must be able to resist hydraulic and structural loading 
throughout its design life, without the need for excessive intervention or maintenance; 

▪ Availability of materials for construction; 

▪ Construction (method/approach); 

▪ Health and safety requirements – the weir design should minimise health and safety 
risks to members of the public or operational staff, both during construction and for 
operational life of the structure. 
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In addition, a thorough knowledge of the chosen site is fundamental to the successful 
implementation of a new weir.  In particular, those responsible for planning and designing a new 
weir would likely need to have:  

▪ Topographic survey of the site.  This should include full width cross sections of the 
river at the site and upstream and downstream of it, as well as an available survey of 
the adjacent floodplain.  The site detail survey should pick up all relevant features 
including any existing river features, major trees, access roads and tracks, nearby 
utilities, etc; 

▪ Sub-surface soils/geological information from available maps and, depending on the 
scale of the project, boreholes and test pits.  This information will allow for appropriate 
design of foundations, seepage cut-off provisions and erosion control/protection 
measures; 

▪ River flow and level data.  This data is essential for the hydraulic design of the weir 
and for planning the construction works.  Flow and level data are also required for the 
consideration of fish passage requirements and assessing the frequency that the weir 
would present as a barrier to upstream fish passage; 

▪ Details of ownership, rights of way, and any rights of use of the watercourse.  Note 
that there may be informal or unauthorised use of watercourses, and it will be 
important to identify such use in the interest of public safety;  

▪ Details of the locations of any services (water and gas mains, sewers, power cables, 
telecommunications cables); 

▪ Information on any commercial or recreational use of the watercourse;  

▪ Details of available access routes for construction, operation and maintenance; 

▪ An understanding of the likely operation and maintenance requirements for the type 
of structure envisaged; 

▪ Awareness of any nature conservation designations, protected species or habitats 
that might be impacted by the works; 

▪ Information on land use that might be affected by the works (e.g. impact of changed 
groundwater levels). 

▪ Consultation with the stakeholders to allow issues to be discussed including 
appropriate timing of the construction works, restrictions on the type of materials 
used, likelihood of vandalism (during and after construction), space for site 
compound, preferred access routes, health and safety issues, public accessibility and 
other opportunities.  For Wilcannia, this process has commenced with stakeholders 
identified and consultation ongoing. 

 

7. Recommendation and Conclusion 
This review is not intended to be a comprehensive review of the weir type options available as 
water control structures, rather it provides an insight into the various designs of structures, 
relative costs, associated functionality and some of the considerations necessary for 
implementation. 

Given that there are no specific objective, apparent need or design criteria for weir pool level 
manipulation and noting that there is no need to maximise flood waterway area, it could be 
concluded that a fully gated weir structure is not required. 

Subsequently at this stage, it is anticipated that a combination (partially gated) fixed crest weir 
type structure is the most applicable for Wilcannia based on a best fit for the project and purpose.  
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The gated component would be aimed at water quality management of the weirpool during no or 
low flow periods when the water level is drawn down below the weir crest level and in response to 
poor water quality inflows. 
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 Cost estimate 
 

 

 



 Wilcannia Weir 
  

 Weir Type Opt ions 
 

Hunter New England | South Coast | Riverina Western | North Coast | Sydney  Report No. ISR18149 
Asset Advisory | Heritage | Project + Program Management | Assurance | Procurement | Engineering | Planning | Sustainability 
Developments | Buildings | Water Infrastructure | Roads + Bridges | Coastal | Waste | Emergency Management | Surveying  A-2 

 
Wilcannia weir 

       Option 1A- Earthfill core with rock protection 
       No Description Unit Quantity Rate Cost  Sub-total Total $ 

 1 PRELIMINARIES             
   GENERAL         935,000    
 1.1. Site possession, mobilisation, demolilisation Item 1 150,000 150,000     
 1.2 Environmental Management Item 1 100,000 100,000     
 1.3 Safety management and controls Item 1 50,000 50,000     
 1.4 Temporary access track Note           
 1.5 Coffer damming, diversion and dewatering Item 1 500,000 500,000     
 1.6 Temporary fencing to site Item 1 5,000 5,000     
 1.7 Temporary signage including project signage Item 1 5,000 5,000     
 1.8 Geotechnical investigations Item 1 50,000 50,000     
 1.9 Set out and surveying Item 1 50,000 50,000     
 1.10 Traffic management Item 1 25,000 25,000     
                 
 2 CONSTRUCTION WORKS             
   CONSTRUCTION OF EARTHFILL CORE WITH ROCK PROTECTION         916,090    
 2.1 Excavation m3 1,050 45 47,250     
 2.2 Steel sheet piling m2 0 780 0     
 2.3 Reinforced concrete m2 0 500 0     
 2.4 Impervious fill m3 2,800 60 168,000     
 2.5 Dewatering Item 1 100,000 100,000     
 2.6 Filter cloth m2 5,000 12 60,000     
 2.7 Rock filter m3 670 132 88,440     
 2.8 Scour protection m2 2,900 156 452,400     
                 
 3 Construction of vertical slot fishway         3,584,000    
   Fishway structure 17 pools/18 baffles m 3.2 1,120,000 3,584,000     
 

mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
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 4 Access road to weir site         26,250    
   Remove existing access road m 150 10 1,500     
   New access road m 550 45 24,750     
                 
 5 Scour system         85,000    
   1m diameter pipe m 15 2,000 30,000     
   Intake structure No 1 15,000 15,000     
   Screen structure No 1 15,000 15,000     
   Sluice gate No 1 10,000 10,000     
   Outlet discharge structure No 1 15,000 15,000     
                 
 6 Water quality protection ponds         200,000    
   Water quality protection ponds No 4 50,000 200,000     
                 
 7 Demolition of existing weir         120,000    
   Removal of existing rock armouring-reuse at new weir Item 1 20,000 20,000     
   Removal of concrete superstructure Item 1 50,000 50,000     
 

  
Removal of metal sheel piles and trimming of timber piles 
above river bed level Item 1 50,000 50,000     

                 
 8 Temporaryflow  gauging station         245,000    
   Construct flow gauging station Note 1 70,000 70,000     
   Power supply including trenching, etc m 1,500 80 120,000     
   Operation of temporary gauge for 2 years years 2 15,000 30,000     
   Removal of temporary flow gauging station Item 1 25,000 25,000     
               6,111,340  

   Builders General Preliminaries and Margin(7%) 
     

427,794 
   TOTAL           6,539,134 
   

mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(g7:g56)
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Wilcannia weir 
       Option 1B- Concrete weir 
       No Description Unit Quantity Rate Cost  Sub-total Total $ 

 1 PRELIMINARIES             
   GENERAL         935,000    
 1.1. Site possession, mobilisation, demolilisation Item 1 150,000 150,000     
 1.2 Environmental Management Item 1 100,000 100,000     
 1.3 Safety management and controls Item 1 50,000 50,000     
 1.4 Temporary access track Note           
 1.5 Coffer damming, diversion and dewatering Item 1 500,000 500,000     
 1.6 Temporary fencing to site Item 1 5,000 5,000     
 1.7 Temporary signage including project signage Item 1 5,000 5,000     
 1.8 Geotechnical investigations Item 1 50,000 50,000     
 1.9 Set out and surveying Item 1 50,000 50,000     
 1.10 Traffic management Item 1 25,000 25,000     
                 
 2 CONSTRUCTION WORKS             
   CONSTRUCTION OF EARTHFILL CORE WITH ROCK PROTECTION         1,094,780    
 2.1 Excavation m3 700 45 31,500     
 2.2 Steel sheet piling m2 0 780 0     
 2.3 Concrete m2 1,300 500 650,000     
 2.4 Dewatering Item 1 150,000 150,000     
 2.5 Impervious fill m3 0 60 0     
 2.6 Filter cloth m2 4,600 12 55,200     
 2.7 Rock filter m3 690 132 91,080     
 2.8 Scour protection m2 750 156 117,000     
                 
 3 Construction of vertical slot fishway         3,584,000    
   Fishway structure 17 pools/18 baffles m 3.2 1,120,000 3,584,000     
                 
 

mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
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4 Access road to weir site         26,250    
   Remove existing access road m 150 10 1,500     
   New access road m 550 45 24,750     
                 
 5 Scour system         85,000    
   1m diameter pipe m 15 2,000 30,000     
   Intake structure No 1 15,000 15,000     
   Screen structure No 1 15,000 15,000     
   Sluice gate No 1 10,000 10,000     
   Outlet discharge structure No 1 15,000 15,000     
                 
 6 Water quality protection ponds         200,000    
   Water quality protection ponds No 4 50,000 200,000     
                 
 7 Demolition of existing weir         120,000    
   Removal of existing rock armouring-reuse at new weir Item 1 20,000 20,000     
   Removal of concrete superstructure Item 1 50,000 50,000     
 

  
Removal of metal sheel piles and trimming of timber piles 
above river bed level Item 1 50,000 50,000     

                 
 8 Temporaryflow  gauging station         245,000    
   Construct flow gauging station Note 1 70,000 70,000     
   Power supply including trenching, etc m 1,500 80 120,000     
   Operation of temporary gauge for 2 years years 2 15,000 30,000     
   Removal of temporary flow gauging station Item 1 25,000 25,000     
               6,290,030  

   Builders General Preliminaries and Margin(7%) 
     

440,302 
   TOTAL           6,730,332 
 

           

mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
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Wilcannia weir 
       Option 1C- Sheet pile weir 
       No Description Unit Quantity Rate Cost  Sub-total Total $ 

 1 PRELIMINARIES             
   GENERAL         935,000    
 1.1. Site possession, mobilisation, demolilisation Item 1 150,000 150,000     
 1.2 Environmental Management Item 1 100,000 100,000     
 1.3 Safety management and controls Item 1 50,000 50,000     
 1.4 Temporary access track Note           
 1.5 Coffer damming, diversion and dewatering Item 1 500,000 500,000     
 1.6 Temporary fencing to site Item 1 5,000 5,000     
 1.7 Temporary signage including project signage Item 1 5,000 5,000     
 1.8 Geotechnical investigations Item 1 50,000 50,000     
 1.9 Set out and surveying Item 1 50,000 50,000     
 1.10 Traffic management Item 1 25,000 25,000     
                 
 2 CONSTRUCTION WORKS             
   CONSTRUCTION OF NEW SHEET PILE WEIR         1,578,200    
 2.1 Excavation m3 2,000 45 90,000     
 2.2 Steel sheet piling m2 950 780 741,000     
 2.3 Reinforced concrete m2 250 500 125,000     
 2.4 Impervious fill m3 350 60 21,000     
 2.5 Filter cloth m2 1,800 12 21,600     
 2.6 Rock filter m3 2,500 132 330,000     
 2.7 Scour protection m2 1,600 156 249,600     
                 
 3 Construction of vertical slot fishway         3,584,000    
   Fishway structure 17 pools/18 baffles m 3.2 1,120,000 3,584,000     
                 
 4 Access road to weir site         26,250    
 

mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
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  Remove existing access road m 150 10 1,500     
   New access road m 550 45 24,750     
                 
 5 Scour system         85,000    
   1m diameter pipe m 15 2,000 30,000     
   Intake structure No 1 15,000 15,000     
   Screen structure No 1 15,000 15,000     
   Sluice gate No 1 10,000 10,000     
   Outlet discharge structure No 1 15,000 15,000     
                 
 6 Water quality protection ponds         200,000    
   Water quality protection ponds No 4 50,000 200,000     
                 
 7 Demolition of existing weir         120,000    
   Removal of existing rock armouring-reuse at new weir Item 1 20,000 20,000     
   Removal of concrete superstructure Item 1 50,000 50,000     
 

  
Removal of metal sheel piles and trimming of timber 
piles above river bed level Item 1 50,000 50,000     

                 
 8 Temporaryflow  gauging station         245,000    
   Construct flow gauging station Note 1 70,000 70,000     
   Power supply including trenching, etc m 1,500 80 120,000     
   Operation of temporary gauge for 2 years years 2 15,000 30,000     
   Removal of temporary flow gauging station Item 1 25,000 25,000     
               6,773,450  

   Builders General Preliminaries and Margin(7%) 
     

474,142 
   TOTAL           7,247,592 
  

  

mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
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Wilcannia weir 
       Option 2A- Vertical Gates 
       No Description Unit Quantity Rate Cost  Sub-total Total $ 

 1 PRELIMINARIES             
   GENERAL         935,000    
 1.1. Site possession, mobilisation, demolilisation Item 1 150,000 150,000     
 1.2 Environmental Management Item 1 100,000 100,000     
 1.3 Safety management and controls Item 1 50,000 50,000     
 1.4 Temporary access track Note           
 1.5 Coffer damming, diversion and dewatering Item 1 500,000 500,000     
 1.6 Temporary fencing to site Item 1 5,000 5,000     
 1.7 Temporary signage including project signage Item 1 5,000 5,000     
 1.8 Geotechnical investigations Item 1 50,000 50,000     
 1.9 Set out and surveying Item 1 50,000 50,000     
 1.10 Traffic management Item 1 25,000 25,000     
                 
 2 CONSTRUCTION WORKS             
   CONSTRUCTION OF REGULATOR WEIR         3,081,025    
 2.1 Excavation includes floor slab area (46 m3) and batter 

walls (13 m3). 
m3 59 45 2,655 

    
 2.2 Steel sheet piling (adopt sheet pile depth as per Option 

1C). Approximate Area = 50 x 15.5 = 775 m2 
m2 775 780 604,500 

    
 2.3 

Reinforced concrete includes floor slab (59 m3), batter 
walls (15 m3), end walls (12 m3), end piers (6 m3) and 
center piers (66 m3). 

m3 158 1250 197,500 

    
 2.4 Downstream rockfill apron including geotech fabric. 

Approximate Area = 45 x 2.25 x 0.6 = 61 m3  
m3 61 170 10,370 

    
 

mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
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2.5 Supply of electrically operated Vertical Lift Gates. Gate 
fabricated from aluminium, approximately - 2,750 mm 
wide x 3,500 mm high. Includes complete drive 
mechanism, that is electric motor, stainless steel 
spindles, gear boxes etc.  

No. 14 90,000 1,260,000 

    
 2.6 Supply of manually operated stoplogs for the purpose 

of maintaining gates. Fabricated from aluminium, 
approximately - 2,750 mm wide x 3,500 mm high.  

No. 2 30,000 60,000 
    

 2.7 Loading of trucks at manufacturers, transport to site 
and unloading of trucks at site 

No. 3 6,000 18,000 
    

 2.8 Fasteners, concrete anchors and insulation washer LS 14 1,000 14,000     
 2.9 Installation of gates No. 14 23,000 322,000     
 2.10 Site cranage for installation of gates. Assume a 30 

tonne crane suitable to carry out the installation of 
gates and operating platform. 

Days 14 3,000 42,000 
    

 2.11 
Hydraulic power pack (HPU) unit and hydraulic lines 
from HPU to individual gates (provisional sum) 

LS 1 350,000 350,000 
    

 2.12 
Power supply to site, approximately 1.5 km away 
(provisional sum)  

LS 1 200,000 200,000 
    

                 
 3 Construction of vertical slot fishway         3,584,000    
   Fishway structure 17 pools/18 baffles m 3.2 1,120,000 3,584,000     
                 
 4 Access road to weir site         26,250    
   Remove existing access road m 150 10 1,500     
   New access road m 550 45 24,750     
                 
 5 Scour system         85,000    
   1m diameter pipe m 15 2,000 30,000     
 

mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)


 Wilcannia Weir 
  

 Weir Type Opt ions 
 

Hunter New England | South Coast | Riverina Western | North Coast | Sydney  Report No. ISR18149 
Asset Advisory | Heritage | Project + Program Management | Assurance | Procurement | Engineering | Planning | Sustainability 
Developments | Buildings | Water Infrastructure | Roads + Bridges | Coastal | Waste | Emergency Management | Surveying  A-10 

  Intake structure No 1 15,000 15,000     
   Screen structure No 1 15,000 15,000     
   Sluice gate No 1 10,000 10,000     
   Outlet discharge structure No 1 15,000 15,000     
                 
 6 Water quality protection ponds         200,000    
   Water quality protection ponds No 4 50,000 200,000     
                 
 7 Demolition of existing weir         120,000    
   Removal of existing rock armouring-reuse at new weir Item 1 20,000 20,000     
   Removal of concrete superstructure Item 1 50,000 50,000     
 

  
Removal of metal sheel piles and trimming of timber 
piles above river bed level Item 1 50,000 50,000     

                 
 8 Temporaryflow  gauging station         245,000    
   Construct flow gauging station Note 1 70,000 70,000     
   Power supply including trenching, etc m 1,500 80 120,000     
   Operation of temporary gauge for 2 years years 2 15,000 30,000     
   Removal of temporary flow gauging station Item 1 25,000 25,000     
               8,276,275  

   Builders General Preliminaries and Margin(7%) 
     

579,339 
   TOTAL           8,855,614 
 

          

  

mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(f8:f17)
mailto:+@sum(g7:g56)


 Wilcannia Weir 
  

 Weir Type Opt ions 
 

Hunter New England | South Coast | Riverina Western | North Coast | Sydney  Report No. ISR18149 
Asset Advisory | Heritage | Project + Program Management | Assurance | Procurement | Engineering | Planning | Sustainability 
Developments | Buildings | Water Infrastructure | Roads + Bridges | Coastal | Waste | Emergency Management | Surveying  A-11 

Wilcannia weir 
       Option 2B- Tilting Gates 
       No Description Unit Quantity Rate Cost  Sub-total Total $ 

 1 PRELIMINARIES             
   GENERAL         935,000    
 1.1. Site possession, mobilisation, demolilisation Item 1 150,000 150,000     
 1.2 Environmental Management Item 1 100,000 100,000     
 1.3 Safety management and controls Item 1 50,000 50,000     
 1.4 Temporary access track Note           
 1.5 Coffer damming, diversion and dewatering Item 1 500,000 500,000     
 1.6 Temporary fencing to site Item 1 5,000 5,000     
 1.7 Temporary signage including project signage Item 1 5,000 5,000     
 1.8 Geotechnical investigations Item 1 50,000 50,000     
 1.9 Set out and surveying Item 1 50,000 50,000     
 1.10 Traffic management Item 1 25,000 25,000     
                 
 2 CONSTRUCTION WORKS             
   CONSTRUCTION OF REGULATOR WEIR         4,236,515    
 2.1 Excavation includes floor slab area (122m3) and batter 

walls (33m3). 
m3 155 45 6,975 

    
 2.2 Steel sheet piling (adopt sheet pile depth as per Option 

1C). Approximate Area = 50 x 15.5 = 775 m2 
m2 775 780 604,500 

    
 2.3 

Reinforced concrete includes floor slab (108 m3), batter 
walls (28 m3), end walls (12m3), end piers (13.5m3) and 
center piers (146m3). 

m3 310 1250 387,500 

    
 2.4 Downstream rockfill apron including geotech fabric. 

Approximate Area = 45 x 6 x 0.6 = 162 m3  
m3 162 170 27,540 
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2.5 Supply of electrically operated Lay Flat Gates. Gate 
fabricated from aluminium, approximately - 2,750 mm 
wide x 3,500 mm high. Includes complete drive 
mechanism, that is electric motor, winch drum, gear 
boxes etc.  

No. 14 150,000 2,100,000 

    
 2.6 Supply of manually operated stoplogs for the purpose 

of maintaining gates. Fabricated from aluminium, 
approximately - 2,750 mm wide x 3,500 mm high.  

No. 2 30,000 60,000 
    

 2.7 Loading of trucks at manufacturers, transport to site 
and unloading of trucks at site 

No. 4 6,000 24,000 
    

 2.8 Fasteners, concrete anchors and insulation washer LS 14 1,000 14,000     
 2.9 Installation of gates No. 14 30,000 420,000     
 2.10 Site cranage for installation of gates. Assume a 30 

tonne crane suitable to carry out the installation of 
gates and operating platform. 

Days 14 3,000 42,000 
    

 2.11 
Hydraulic power pack (HPU) unit and hydraulic lines 
from HPU to individual gates (provisional sum) 

LS 1 350,000 350,000 
    

 2.12 Power supply to site, approximately 1.5 km away 
(provisional sum) 

LS 1 200,000 200,000 
    

                 
 3 Construction of vertical slot fishway         3,584,000    
   Fishway structure 17 pools/18 baffles m 3.2 1,120,000 3,584,000     
                 
 4 Access road to weir site         26,250    
   Remove existing access road m 150 10 1,500     
   New access road m 550 45 24,750     
                 
 5 Scour system         85,000    
   1m diameter pipe m 15 2,000 30,000     
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  Intake structure No 1 15,000 15,000     
   Screen structure No 1 15,000 15,000     
   Sluice gate No 1 10,000 10,000     
   Outlet discharge structure No 1 15,000 15,000     
                 
 6 Water quality protection ponds         200,000    
   Water quality protection ponds No 4 50,000 200,000     
                 
 7 Demolition of existing weir         120,000    
   Removal of existing rock armouring-reuse at new weir Item 1 20,000 20,000     
   Removal of concrete superstructure Item 1 50,000 50,000     
 

  
Removal of metal sheel piles and trimming of timber 
piles above river bed level Item 1 50,000 50,000     

                 
 8 Temporaryflow  gauging station         245,000    
   Construct flow gauging station Note 1 70,000 70,000     
   Power supply including trenching, etc m 1,500 80 120,000     
   Operation of temporary gauge for 2 years years 2 15,000 30,000     
   Removal of temporary flow gauging station Item 1 25,000 25,000     
               9,431,765  

   Builders General Preliminaries and Margin(7%) 
     

660,224 
   TOTAL           10,091,989 
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