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Executive Summary

A

Wannon Watero6s Otway Supply System provides water f
other towns in South-Western Victoria. Extractions have been decreasing since 2006 due to demand
management but increasing population is expected to result in greater extractions into the future. The

extractions have potential to affect summer low flows in the Gellibrand River. Provision of an alternative

supply to reduce river extractions in low-flow periods (which occur mainly in February and March) will

benefit the environment.

The Western Region Sustainable Water Strategy Action 7.3 contains the following actions:

1. The Corangamite Catchment Management Authority, Wannon Water, The Department of
Environment and Primary Industry and Southern Rural Water will assess a preferred water supply
augmentation option and implementation process to improve critical flows in the Gellibrand River
through the summer low flow period.

2. Wannon Water will undertake detailed assessments of the preferred augmentation options to better
understand the supply security benefits, costs and risks of each option, and the change in demand
for Gellibrand River water.

3. Corangamite CMA will quantify the environmental benefits_of maintaining summer base flows to
levels below the recommendations in the Assessment of Environmental Flow requirements for the
Gellibrand River.

4. Resourcing of this Option will be investigated and documented in the regional strategy for healthy
rivers and wetlands and water supply-demand strategies of the relevant agencies.

This report addresses the second action which is to provide detailed assessments of the preferred
augmentation options.

This report has been preceded bythe Sept ember 2012 Al luvium Report #/
benefits and risks of flows below the summer .IThisv f |
report was commissioned by the Corangamite CMA to address the third action, which concludes that:

firhe assessment findings suggest that the minimum summer low flow requirements of the
lower Gellibrand River are driven primarily by the estuary, which requires flows in the order of
100 ML/d to maintain mouth openings and limit the upstream extent of the salt wedge. Flow
management in the lower Gellibrand River should therefore target the provision of at least 100
ML/d at Burrupa, throughout the low flow season. The analysis suggests that the low flow
requirements in the freshwater reach are not as high, with flows between the lowest naturally
recorded flow and the existing recommendation (i.e. 57 to 86.4 ML/d) providing similar levels
of certainty of achieving the specific ecological objectives identified in the 2006 FLOWS study.

The analysis of the relative impact of each water supply scenario on ecological objectives
found that all water supply augmentation options result in a notable decrease in risk,
compared to current conditions or the base case. Adoption of the base case option alone (i.e.
6 ML/d of augmentation at North Otway Pump Station) has considerable environmental
benefit and should therefore be pursued as a starting point to improve environmental values in
the system.o

This report identifies several possible options and option combinations and compares the costs and
environmental benefits for these options. Net Present Costs are evaluated over a 25 year project life with a

6% discount rate. The primary metric chosen for evaluatinge nvi r on ment al benefits i
estuaryo based on the Proportion of February/ March
Table 4). It so happens that options with high relative benefit to estuary at low cost also have high

freshwater reach benefits.

s
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The resulting shortlisted options are:

groundwater  Relative NPV/ML

. o substitution benefit CpliE| NG installed
Option Description Cost Present :
capacity

capacity to
(ML/d) estuary ~OM)  Cost®dm) i)

Current  No change from current conditions 0 0 0 0 0

The existing Carlisle River
borefield (located at North Otway)
could be run at 6 ML/d during
summer low flow periods without
breaching existing licence
conditions.

The existing Carlisle River
borefield could be run at 12 ML/d
N12 during summer low flow periods if 12 9 0.10 0.75 0.063
existing licence conditions are
amended.

In addition to N12, input up to 6
ML/d of groundwater to the South
Otway pipeline during summer low

flow periods.

N6 6 5 0.05 0.48 0.080

N12 S6 18 10 1.60 2.81 0.156

In addition to N12 construct two
new bores at North Otway so up to
an additional 8 ML/d is input
during summer low flow periods.
This will allow full groundwater
substitution at North Otway.

N20 20 11 1.49 2.54 0.127

In addition to N12, input up to 10
N12 ML/d of groundwater to the South
Cc10 Otway pipeline at Curdievale

during summer low flow periods.

In addition to N12 & S6, construct
N12 one more bore at South Otway so
S12 up to an additional 6ML/d is input
during summer low flow periods.

In addition to N12 & S12,
construct one extra bore at South
Otway allowing an additional
N12 6ML/d to be input to the South
S18 Otway pipeline during summer low
flow periods. This will allow full
groundwater substitution at South
Otway.
In addition to N12 & S18,
construct two more bores at North
N20 Otway. This will allow full
S18 groundwater substitution at both
locations during summer low flow
periods.

22 12 4.95 4.25 0.193

24 13 2.40 3.96 0.173

30 15 3.20 5.11 0.170

38 18 4.60 6.90 0.181

Note: "GHD2014 associates N6 with approximately 10% depletion of river flows. N12 is also subject to depletion of river flows. This is not
accounted for in the Table as the percentage is an estimate.

The above shortlist provides information to assist the decision regarding which option to implement.
Possible capital expenditure ranges from $0 to $4.6 million, with the benefit to the estuary increasing as
expenditure increases. However the shortlist shows that significant environmental benefit can be obtained
with options N6 and N12 at no capital cost (beyond the cost of a monitored trial and hydrogeological
investigation associated with N12).

s
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Alluvium (2012) recommended that 6 ML/d of augmentation at North Otway Pump Station should be
pursued as a starting point to improve environmental values in the system. Alluvium was influenced by
advice regarding the existing licence conditions. On review, the existing North Otway bores are capable of
pumping 12 ML/d over the two driest months every year with no problems anticipated apart from possible
interference with river flows. The above table shows environmental benefits that should justify the
relaxation of the existing licence conditions that limit the discharge to 6 ML/d and provide a conservative
Aistop pumpingo trigger

Beyond implementation of Option N12, expenditure of $1.5m would allow construction and testing of a new
bore at South Otway to substitute an additional 6 ML/d. Option S6 involves a new borefield in a location
that has acknowledged groundwater potential. Establishment of new observation bores and investigative
pump testing are substantial components of this option to ensure there is no detrimental impact on the river
or groundwater dependant ecosystems. This phase of work is estimated to cost $0.25m. Using the
knowledge gained from implementing S6, additional bores could be established increasing the substitution
at the South Otway location to 18 ML/d resulting in a total substitution of 30 ML/d.

Analysis presented in this report shows that over the last five years, Otway storages have been operated at
high levels over summer. Independent of the other options considered here, Wannon Water will review its
minimum storage operating levels and aim to keep its storages closer to the target curve. This could make
between 200 and 400ML available to the environment over summer and autumn (with this volume
extracted over winter and spring instead). In a typical dry year, this may represent 3 - 4 ML/day additional
river flow.

Note however that this is a short term option: as summer demands increase over time, the storages will be
drawn down to target levels anyway. (Target storage levels are water needed in storage to cater for
pipeline or pump failures and water contamination events that occur from time to time.)

Use of the Curdievale borefield does not present as a preferred option when operating imperatives are
included in the costs. The existing 10ML/d bore (constructed in 2014) will cater for growth post 2030 and is
an interim emergency water source for Warrnambool (designed to run with an existing diesel pump for
short periods). Utilising this resource for groundwater substitution will require equipping the bore with an
electric pump, balancing tank, pump station and SCADA controls. It will also require a cooling tower to
reduce the temperature of the 42.5 degree groundwater. The resource will not be available for
groundwater substitutions post 2030 unless a replacement bore is constructed, and the overall cost of this
is high compared to South Otway options, thus removing this option from the short list.

The next step in this work will be a 2016 meeting of the partner agencies to discuss the implementation
process.
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1. Introduction

11 The Otway Supply System

Wannon Waterés Otway Supply System pr oviAlkestordwat er

Camperdown, Cobden, Koroit, Lismore/Derrinallum, Mortlake, Noorat/Glenormiston, Purnim, Simpson,
Terang and Warrnambool in South-Western Victoria. This supply system serves 21,000 urban and 1,200
rural properties and supports a population of around 50,000 people. The system is shown in Figure 1.

Figure 1 The Otway Supply System

Gellibrand River
at Burrupa

Water from the Gellibrand catchment is extracted from the Arkins Creeks, the North Otway pump station or
the South Otway pump station. The Arkins Creeks can yield up to 14 ML/day over the winter months (with
booster pumping 20ML/day) but during summer often reduces to 1 ML/day. It is during the summer months
that the Otway System relies on extractions from the Gellibrand River. Extractions have been decreasing
since 2006 due to demand management and substitution of other locally sourced water where available but
increasing population is expected to place pressure on the system into the future.

Extractions at the North Otway pump station (NOPS) and the South Otway pump station (SOPS) impact
flows in the Gellibrand River, particularly relevant over summer low-flow periods. Provision of an alternative
supply to reduce river extractions in low-flow periods (which occur mainly in February and March) will
benefit the environment. Available alternative sources are groundwater (at North Otway, South Otway or
Curdievale) or winter flow harvesting (at North Otway, if an offstream storage is constructed).

s
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1.2 Previous Studies

The GHD 2010 Reporti Opt i ons f or Enhanci ng Summe preséntedbresslitsi n t h
from REALM modelling of a number of supply substitution options designed to enhance summer flows in

the Gellibrand River downstream of the North Otway and South Otway pump stations. The outputs from

this report included initial costings for the options, time series for each flow regime and metrics which

showed relative changes to the flow regime resulting from each option. The environmental benefits of

these flow regimes were assessed by Alluvium in 2012.

The September 2012 Al luvium Report fAAssessment of t
thesummerl ow f |l ow recommendati on i aoncludesthat ower Gell i br ail

firhe assessment findings suggest that the minimum summer low flow requirements of the
lower Gellibrand River are driven primarily by the estuary, which requires flows in the order of
100 ML/d to maintain mouth openings and limit the upstream extent of the salt wedge. Flow
management in the lower Gellibrand River should therefore target the provision of at least 100
ML/d at Burrupa, throughout the low flow season. The analysis suggests that the low flow
requirements in the freshwater reach are not as high, with flows between the lowest naturally
recorded flow and the existing recommendation (i.e. 57 to 86.4 ML/d) providing similar levels
of certainty of achieving the specific ecological objectives identified in the 2006 FLOWS study.

The analysis of the relative impact of each water supply scenario on ecological objectives
found that all water supply augmentation options result in a notable decrease in risk,
compared to current conditions or the base case. Adoption of the base case option alone (i.e.
6 ML/d of augmentation at North Otway Pump Station) has considerable environmental
benefit and should therefore be pursued as a starting point to improve environmental values in
the system.o

The Alluvium Report presents results for two metrics that will be used here to compare the environmental

benefits of the augmentation options. The most important metricisii % of days i n Februar
fl ows below 100 ML/ d fortthisBvere:r upao. The results
Modelled natural conditions® 26%

Modelled current conditions 83%

Base case (6ML/d augmentation) 78%

Full substitution at either NOPS or SOPS  73%
Full substitution at both NOPS and SOPS 65%
Note 1: without any farm dams or river extractions

The lower this figure is, the better it is for the environment. This metric (which in this report is used to give
t he AEst uaisimpomaatoetoiAtl & uvi umds cflowmanagamend shoutd kaaet the
provision of at least 100 ML/d at Burrupa.

The second metric presented by Alluvium is the proportion of days in February and March which have

moderate environmental risk in the freshwater reach. This is measured at Burrupa (and reported here as

the ALower f rieerheviasstening thakttse hywrology has no spatial variation, the metric can

also be evaluatedat NOPS, and i s reported here as the AUpper fr
combined freshwater benefit calculated as the sum of upper and lower reach benefits).

The existing Carlisle River borefield was established in 2000 and consists of two production bores and
eight observation bores adjacent to the Gellibrand River. Licence conditions for the borefield require
monitoring of the observation bores to ensure that groundwater levels are not drawn down to a trigger level
that is set at 1m above the water level in the river. Each production bore has been pump tested at 6 ML/d.
TheGHD( 2006) #fACar | iisHydogeRlogica e vB @ weé s d gomp testqthatsconfirm that
the existing Carlisle River borefield can be run at 6 ML/d continuously for at least six months without
reaching trigger levels in the observation bores. This is longer than the longest recorded low flow period in

s
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the river; the bores will be turned off over winter and aquifer water levels will recover. However, it is also
possible to run the borefield at 12 ML/d and this was pump tested over eight days in 2009. The GHD
(2009) AReport f or iTCamping BétRe KRu pradets tBadtheeisting Cadlisle River
bores run at 12 ML/d continuously for 19 days will drawdown the water table to trigger levels in the
observation bores. Such an event would require shutdown of the borefield under the current licence
conditions (which also state a daily extraction limit of 6ML; this condition was waived for the 2009 pump
test). Operation of the existing borefield at 12ML/d would require the licence conditions to be amended.
The 2009 pumping test concluded that the bores could be run at 12ML/d over the driest two months every
year without any issues apart from possible interference with river flows, and suggested that numerical
modelling may be required to confirm this interference. Hydrogeological assessment undertaken as part of
the installation of the bores by John Leonard in 2000 concluded that:

f ANo reduction in streamflow (indicative of i nduc
testg and

T ASprings monit or e dnotdembnistiate reduttions in flow that codld be attributed to
the pumping tests. o

It should be noted that the Alluvium 2012 is based on REALM modelling that is reported in GHD 2010,
AOptions for Enhancing Summe rThémodelirgy was nalibrateein 2B@slandi b r a
2009 against a range of flows, particularly for the timing of flood peaks and overall flow volumes over the

entire year. The available model parameters should have been set to give a reasonable representation in

the low flow range (<100 ML/d), but this has not been verified. Verification of modelled low flows against

gauged flows in the 0-100 ML/d range over summer months is recommended if further modelling of the low

flows is required.

GHD 2014 , AnCarlisle River/ Gellibrand Borefield 5 year/|
groundwater levels in the two production bores and eight observation bores. This report shows recovery in
aquifer levels after pumping stops and recovery in aquifer levels over winter and spring.

1.3 Gellibrand River Flow Records

Flow records are available for the last 45 years from the Burrupa Gauging station located in the lower
Gellibrand as shown in Figure 1 above.

Figure 2 below shows low flows at the Burrupa gauge as measured over the last 5 years. These low flows
occur in summer and autumn, and vary from year to year. For example, flows were above the 100ML/d
threshold throughout the 2010/2011 year. Note also the volatility of the flow in some years presumably in
response to rainfall events in the catchment.

WannNONWATER Page 9 of 41



Figure 2 Low Flows at the Burrupa Gauge
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Analysis of the historic flows shows that:

1.

On average, there are about 7 weeks of flow of less than100 ML/d at Burrupa every year, but this
varies between zero and twenty weeks depending on the year.

16 weeks of low flows occur in about 10% of years.

13 years out of the 45 year record have 2 weeks or less flow of less than 100 ML/d being 29 % of
years.

For the purposes of the following options analysis, it has been assumed that flow substitution will be
required for 60 days per year but as detailed above it will vary from none to 112 days.

Refer to Appendix C for the full historic weekly flow record and further details.
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2. Project Outline

The Western Region Sustainable Water Strategy Action 7.3 contains the following actions:

1. The Corangamite Catchment Management Authority, Wannon Water, The Department of
Environment and Primary Industry and Southern Rural Water will assess a preferred water supply
augmentation option and implementation process to improve critical flows in the Gellibrand River
through the summer low flow period.

2. Wannon Water will undertake detailed assessments of the preferred augmentation options to better
understand the supply security benefits, costs and risks of each option, and the change in demand
for Gellibrand River water.

3. Corangamite CMA will quantify the environmental benefits_of maintaining summer base flows to
levels below the recommendations in the Assessment of Environmental Flow requirements for the
Gellibrand River.

4. Resourcing of this Option will be investigated and documented in the regional strategy for healthy
rivers and wetlands and water supply-demand strategies of the relevant agencies.

This report addresses the second action which is to provide detailed assessments of the preferred
augmentation options.

2.1 Project Drivers
The key driver for this project is the improvement of summer low flows in the Gellibrand River.

2.2 Project Strategic Objectives

The strategic objective for this project is to meet the requirement of the Western Region Sustainable Water
Strategy Action 7.3. Itwill also helpfulfl Wannon Water 6s St at,evmohrequiresf Obl i g
Wannon Water to seek to enhance ecological benefits where service standards to customers are not
compromised.

The Action is also identified in Wannon Waterd $ater Supply Demand Strategy 2012-2060 being Action
2.1 fExploring options to improve environmental flows in the Gellibrand Rivera

2.3 Project Scope

The scope of this report is to review a range of options to improve summer flow in the Gellibrand, and to
present a short list of preferred options, including a summary of costs and benefits for each option in the
short list. The intent is to provide information to assist in making a future decision regarding which option(s)
should be progressed and potentially implemented.

2.4 Consultation and Communication with Stakeholders
Statutory stakeholders for environmental flow management in the Gellibrand River include:

1 The Corangamite Catchment Management Authority T responsible for waterway management and
is the Environmental Water Holder for the Gellibrand River;

1 The Department of Environment and Primary Industry i representative of the Victorian Government
which sets the rules for access to water and provides funding for projects;

1 Southern Rural Water i administers private diversion licences on the Gellibrand River and
groundwater licences; and

1 Wannon Water i the largest water user in the Gellibrand catchment and the implementing agency
for augmentation options.

s
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A working group from these four organisations oversaw the production of the Alluvium 2012 report (cf.
Section 1.2) and will review this report. Implementation of any recommendations from this report that
involve new capital works is likely to be dependent on government funding.

Community stakeholders with an interest in the Gellibrand Riverine environment include:
1 Landowners, Landcare and other environmental community groups;
1 Colac Otway Shire as the responsible planning authority and
1 Wathaurung Aboriginal Corporation as Registered Aboriginal Party (RAP) for the area.

A Consultation Plan needs to be developed to ensure all the stakeholders are aware of the studies
currently undertaken and the environmental benefits of further progressing some or a number of the options
to improve summer flows in the Gellibrand River.

WannNONWATER Page 12 of 41



3. Options Analysis

3.1 Options Overview

The September 2012 Alluvium Report discusses a number of possible options for augmenting summer low
flows in the Gellibrand River. These options are as follows with further detail provided in Appendix B (note
that option labelling is changed for the purposes of this report):

Current

Current arrangements for accessing water from the Gellibrand, with no augmentation of summer low flows.
The existing Carlisle River bores are there for contingency or to achieve required volumes if the Bulk
Entitlement rules restrict river extractions during very low flow periods.

N6 i North Otway bores 6 ML/d

The existing Carlisle River bores (which are located at North Otway) could be run at 6 ML/d (the licenced
volume) during summer low flow periods. This groundwater could be supplied into the North Otway
pipeline in place of water extracted from the river.

N12 - North Otway bores 12 ML/d

Implement groundwater substitution of up to 12 ML/d at North Otway. Alluvium 2012 and GHD 2010
assume this will require a new borefield, however, the two existing Carlisle River bores can be run at 6ML/d
each. (This will require amendment of the extraction licence to double the licenced extraction rate and
remove the drawdown trigger level. Costing for this option includes a monitored trial and hydrogeological
investigation associated with the licence amendment).

N20 - North Otway bores 20 ML/d

Construct an additional borefield at North Otway so that up to 20ML/d of groundwater is input during
summer low flow periods. Note that this is the capacity of the North Otway pipeline. (The new borefield will
supply 8 ML/d, and combine with option N12.)

N6 C18 - North Otway bores 6 ML/d + Curdievale bores 18 ML/d

Combine Option N6 with construction of a new borefield at Curdievale so that up to 18ML/d of groundwater
is input to the South Otway pipeline and 6 ML/d into the North Otway pipeline during summer low flow
periods. Note that the capacity of the South Otway pipeline is 18 ML/d.

N6 S18 - North Otway bores 6 ML/d + South Otway bores 18 ML/d

Combine Option N6 with construction of a new borefield at South Otway so that up to 18ML/d of
groundwater is input to the South Otway pipeline and 6 ML/d into the North Otway pipeline during summer
low flows.

NW - North Otway Offstream Storage to allow Winter Flow Harvesting up to 20 ML/d

Construct a new 1,000 ML offstream storage and offtake pipeline at North Otway. The best location for this
storage is 2.5km from the river. This would allow winter flow harvesting to replace summer extractions at
North Otway, representing up to a 20 ML/d augmentation of summer low flows.

NW C18 - Offstream Storage (up to 20 ML/d) and Curdievale 18ML/d
This is a combination of options NW and C18.

Alluvium 2012 gives modelled benefits for the above options that are reported in Table 2 below.

Additional to the options listed in Alluvium 2012, a new 10ML/d bore was constructed at Curdievale in 2014,
to cater for future growth and as an interim emergency water source for Warrnambool (designed to run with
an existing diesel pump for short periods). This leads to:

C10 - Curdievale bore 10 ML/d
Up to 10 ML/d of groundwater is input to the South Otway pipeline at Curdievale during summer low flow
periods. This would require equipping of the existing emergency bore with an electric pump, balancing

s
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tank, pump station and SCADA controls. It would also require a cooling tower to reduce the temperature of
the 42.5 degree groundwater and construction of a new bore in 2030, which is when the emergency bore is
expected to be needed for system augmentation due to forecast growth in demand.

Other options considered in this current report are:
S6, S12, 518

Construction of between one and three bores adjacent to the South Otway pipeline at Valley View Road,
with each bore expected to yield 6 ML/d.

N12 S6, N12 S12, N12 S18, N20 S18 i Combination of the above options
These new options were not assessed in the Alluvium report; however it is possible to interpolate the
benefits based on the Alluvium 2012 results.

Possible Purchase of Private Diverter Licences

There is approximately 2,130ML of private diverter licences in the Gellibrand drinking water catchment.
GHD(2010i Report on Options for Enhancing Summer FIl ows
of the possible purchase of these licences and discounted this option as it is expected to have very little

impact on river flows. GHD estimated that these licences extract a total of around 6ML/d in summer, with

only 30% of the licenced volume being diverted in 2008/2009. Not all licence holders would be willing to

sell, and those that would sell are likely to be those who make relatively little use of their licenced volume.

GHD identified a high risk that licence purchases would not be realised as improved streamflows, and

proposed a risk control measure of converting annual licences to winter fill licences in order to protect

summer flows. ThisA pur ¢ has e option has noebean assassed and is not included in Table 2.

Note that even if Wannon Water and private licence holders ceased all diversions, farm dams (and

Olangolah Weir and the West Gellibrand reservoir, which are Barwon Water storages and provide passing

flows of up to 1ML/d and 5ML/d respectively) have substantially modified the river system from natural

conditions. Under natural conditions, 26% of modelled flows on February and March days are less than

100 ML/day at Burrupa. This increases to 65% without Wannon Water extracting any water under

ot herwise ficurrent conditionsd and 83% if Widlowdayn Wa
from 26% to 65% is largely attributable to the impact of farm dams. It is suggested that controls on the

number, size or operation of farm dams in the catchment should be introduced.

Airspace 1_Use of air space in existing system storages

GHD (2010) considered an Airspace Option i fiModify the operating rules for existing system storages to
increase extractions from the Gellibrand River during wetter months (winter and spring), with less extraction
in the drier monthsa This option is considered in Appendix B4. (GHD 2010 noted that this option is
independent of the other options.)

In practice, the system storages are always close to 100% full on 1 December. This option will involve

drawing the storagesdownmor e over summer, to a At arapnedtforsgydtemr age
security purposes. That is, water is needed in storages to cater for pipeline or pump failures and water
contamination events that occur from time to time. The storages will be filled over winter and spring.

Wannon Water is taking steps to implement this option. Compared to the last five years, this option is

expected to reduce summer extractions by up to 4 ML/d. Note however that this is a short term option: as
summer demands increase over time, the storages will be drawn down to target levels anyway.

3.2 Licensing Considerations

Option NW (offstream storage and winter harvesting) will require the Otway System Bulk Entitlement to be
amended to increase the daily extraction limit at North Otway.

Options N6 and C10 will not require any changes to the existing groundwater licences.

Option N12 will not require an increase in the licensed volume of the existing groundwater licence.
However, the licence will need to be amended to a daily extraction limit of 12 ML/d instead of 6 ML/d, and

s
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amended to remove @ease-to pumpbtrigger levels in OB6 and OB8 that are currently set at Imetre above
the river level.

Option N18 will require an increase in licensed volume, and Options S6, S12, and S18 will require a new
groundwater licence. N18, S6, S12 and S18 will require sign off by the Minister as a change to the
Permissible Consumptive Volume (PCV) will be required.

3.3 Costs for each Option
Costs for each option (including selected combined options) are given in Table 1. This draws on

information f or each option that is given in the appendic

conditionso) are not included in the tabl e. Ful |l N
——— %

\—‘
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Table 1 Costs for each Option

Values below are in $thousands

Option Number N6 N12 N20 NW C10 C18 S6 S12 S18 combined | combined | combined | combined | combined | combined
CI\I)'?v:/tai1 CI\I)'?v:/tai1 North g?v:/:] Curdieval|Curdieval South | South f South
Sescrintion existiny existiny Otway 2 Offstreim = boree | o boree | OtWay 1| Otway 2| Otway 3| | N12S6 [ N12C10 | N12S12 | N12S18 | N20S12 | N20S18
P g 9| bores bore | bores | bores | | 18MLd | 22mLid | 24 ML | 3omLd | 32MLd | 38 ML
bores | bores 20ML/d Storage | 10ML/d 18mML/d emL/d | 12mL/d | 18ML/d
6ML/d | 12ML/d 20 ML/d
new production bores 2x150 - - 2,000 400 [ 2x400 | 3x400 400 - 800 1,200 1,100 1,500
new observation bores 2x22.5 - - - 6x60 6x60 6x60 360 - 360 360 405 405
Land purchase - 40 - 50 - - - - - - - - -
Easements, site establishment 4x5 - - 5 7X5 8x5 9x5 35 - 40 45 60 65
Submersible pump, rising main,
cables 2x60 - 100 2x100 60 2x60 3x60 60 100 120 180 240 300
Site civil works 80 - - 63 40 2x40 3x40 40 - 80 120 160 200
Transfer pipelines 300 1,500 - 10 10 2x10 3x10 10 - 20 30 320 330
Pumps & Cooling tower - 800 575 2x575 - - - - 575 - - - -
Power supply 2x50 200 100 2x100 50 2x50 3x50 50 100 100 150 200 250
Switchboard and SCADA 2x100 400 140 2x140 100 | 2x100 [ 3x100 100 140 200 300 400 500
Hydro assessment / Pump testing 35 35 - - - 100 100 100 135 35 135 135 135 135
1000 ML storage/extra works 2030 - - 8,000 3,033 3,033 - - - - 3,033 - - - -
Calgon Treatment at downstream
WTP's 45 45 45 - 100 100 100 100 100 145 145 145 145 145 145
Total Capital Cost (inc. 20%
contingency, ex. GST) 54 96 1,494 13,128 4,858 8,509 1,506 2,304 3,102 1,602 4,954 2,400 3,198 3,798 4,596
Annual Operating costs
Chlorination for Manganese 10.0 15.0 20.0 0.0 0.0 0.0 15.0 15.0 15.0 15.0 20.0 20.0
Calgon Dosing for manganese 20.0 30.0 40.0 60.0 80.0 40.0 60.0 80.0 70.0 90.0 90.0 110.0 100.0 120.0
Pumping (marginal cost above cost
of pumping from river) 3.6 7.2 10.8 9.6 25.6 3.6 7.2 10.8 10.8 16.8 14.4 18.0 18.0 21.6
Personnel costs 0.0 5.0 10.0 2.5 5.0 2.5 5.0 7.5 2.5 2.5 5.0 7.5 10.0 12.5
4% pump & electric, 1 % pipeline - 0.0 16.6 63.0 32.6 65.9 6.9 13.8 20.7 6.9 32.6 13.8 20.7 30.4 37.3
Total Annual Operating Cost 33.6 52.2 924 73.0 104.7 176.6 53.0 86.0 119.0 105.2 156.9 138.2 171.2 178.4 211.4
Values below are in $millions
Net Present Cost 0.48 0.75 2.54 11.77 3.70 7.43 2.05 3.20 4.35 2.81 4.25 3.96 5.11 5.75 6.90
NPC per ML of installed diversion
capacity| 0.080 0.063 0.127 0.588 0.370 0.413 0.342 0.267 0.242 0.156 0.193 0.165 0.170 0.180 0.181
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Notes on Table 1

N6-annual pumping (Pumping head to deliver to the balancing tank is 60 m for the bores and 40m for the river. This leads to
electricity costs of an extra $10 per ML pumped from the bores (based on 2001 estimates for the Carlisle
River borefield). Assume gw substitution = 6ML/d*60 days.

N12-hydrogeological investigation estimate from GHD, March 2014

N12-annual pumping As per N6. Assume gw substitution = 12ML/d*60 days.

N20-new production bores Actual 2001 cost was 100K. 150m deep bores, 300mm diameter.

N20-new observation bores actual 2001 cost was $15K each. 150m deep bores, 100mm diameter.

N20-pump, riser, cables actual 2001 cost was $40K each

N20-transfer pipelines 300m of DN225 and 600m of DN300 including crossing the Gellibrand; 300*200 +600*220 = 200K + 100K
for river crossing

N20-power supply both new bores are near a powerline

N20-annual pumping As per N6. Assume gw substitution = 18ML/d*60 days.

N20-personnel costs allow 2 hours a week at $50/hour to check on the four new bores

NW-switchboard high lift @ 20ML/d

NW-offstream storage GHD2010 estimate

NW-transfer pipeline and pumps 3km of DN450 @ $500/m Large pumpsets at two locations

NW-personnel costs allow 4 hours a week at $50/hour to check on the new storage

C10-new production bore New bore in 15 years to provide for demand growth and 10 ML reduced extraction from the River.

C10-site civil works Assumed completed (part of emergency bore set up)

C10-power supply & switchboard source=GHD2012
C10-pumps and cooling tower ~ New pump station required to deliver water into pipeline with some flow from Gellibrand River. Cooling
required to bring temperature down to around 20 deg.

C10-annual pumping Pumping costs determined using headloss calculations to determine heads and current power costs
C10-personnel costs allow 1 hour a week at $50/hour to check on SCADA etc., and additional $10,000/yr for cooling tower
C10-pump, riser, cables source=GHD2012

C18-new production bores New bore now and another in15 years time to provide for demand growth and 18 ML reduced extraction
C18-site civil works source=GHD2012

C18-pumps and cooling tower  New pump station required to deliver water into pipeline with some flow from Gellibrand River. Cooling
required to bring temperature down to around 20 deg.

C18-transfer pipelines source=GHD2012; assumes new Curdie Vale bore is adjacent to South pipeline and injects straight into it
C18-annual pumping Pumping costs determined using headloss calculations to determine heads and current power costs
C18-personnel costs allow 2 hours a week at $50/hour to check on SCADA etc., and additional $20,000/yr for cooling tower

S6, S12, S18-new production bor 500m deep bores; 200mm diameter

S6, S12, S18-new observation bc 300-500m deep bores; 100mm diameter

S6, S12, S18-transfer pipelines  240m of DN225; 480m of DN300; 240*200 +480*220 = 150K

S6, S12, S18-power supply the new bores are all near the powerline

S6, S12, S18-annual pumping  Extra $10 per ML pumped from the bores cf. river (based on 2001 estimates for the Carlisle River
borefield). Assume gw substitution = (6,12,18)ML/d*60 days.

S6, S12, S18-personnel costs  Allow (1,2,3) hours a week at $50/hour to look after the new bores

WannNONWATER Page 17 of 41



3.4 Selection of Combined Options
The costings in Table 1 show:

1 Options N6 and N12 (which use the existing bores) have low capital cost and should therefore be implemented before other options are
considered. N12 has the lowest NPC per ML.

1 Option N20 has lower capital cost than other options with similar diversion capacity (i.e. NW, C18, S18). N12 or N20 therefore form a part of
all combined options that are further considered.

1 Option C10 (10 ML using existing Curdievale bore and constructing another bore in 15 years to meet demand growth requirements) has a
lower NPC per ML than S6 (one South Otway bore) but significantly higher capital cost. S12 and S18 are both lower in NPC per ML with greater
benefits and this is reflected in the combined options that are further considered.

1 The costs of Options N12 and S6 combined are significantly lower capital cost than either C18 (additional Curdievale bore) or S18 (three
South Otway bores) with similar benefits. N12 and S6 also has an NPC per ML similar to N20 (0.168 compared to 0.127) and should be further
considered.

1 Options N12 and S12 combined provide slightly greater benefit in flows at a similar NPC per ML (0.180 compared to 0.176) than N12 and
C10 combined. Thus N12 and S12 could be progressed before N12 and C10.

1 Options N12 and S18 combined provide similar benefit in flows at a lower NPC per ML (0.180 compared to 0.186) than N20 and S12
combined. Thus N12 S18 could be progressed before N20 and S12.

Table2summari ses the benefits of each option, with refereaislmsedanthe he Al | u
percentage of modelled flows on February and March days that are below 100 ML/d at Burrupa (Alluvium 2012 Table 4), reported as improvement

over current conditions. T h e isibdsed®rsthewerdergage of neodetiel flolveeon Eebruary @and iMarch Taybthae

have moderate environmental risk (Alluvium 2012 Table 11), reported as improvement over current conditions. Wannon Water has two pumping

stations on the Gellibrand River; changes in extractions at the north pumping station will affect the upper and lower freshwater reaches and the

estuary, while changes at the south pumping station will only affect the lower freshwater reach and the estuary. Table2gi ves a fAcombi ne
metrico whi ch c o behefitfaevholetnimbder eetveen @ ang 57) with the freshwater benefit (a decimal to two significant figures

between 0.00 and 0.16). The intention of this combined metric is to allow both estuary and freshwater benefit to be seen at a glance. The whole

number portion is the estuary benefit and the fraction is the freshwater benefit.
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Table 2 Benefits for Selected Options

Modelled Current N12 S12 N12 S18 N20 S18
Natural Conditions
Conditions
sﬁ!lr:n;gefgrrnm Full substitution/ Full substitution/ Full substitution/
Comment dar%s é\nd no low-flow no low-flow No low-flow
extractions extractions at extractions at extractions at
removed NOPS SOPS NOPS and SOPS
Project Benefits
Proportion of Feb/Mar
days below 100 ML/d at 26% 83% 78% 74% 73% 73% 70% 68% 65%
Burrupa (Alluvium 2012
Table 4)
Improvement over current
( Estuary Benefito ) 57 0 5 9 10 10 13 15 18
Proportion of Feb/Mar
days of moderate
environmental risk (SOPS 0% 8% 3.9% 1.7% 0% 0% 0% 0% 0%
to Burrupa) (Alluvium
2012 Table 11) ( Liower
freshwater reach risko )
Improvement over current
(Lower freshwater reach 0.08 0.00 0.04 0.06 0.08 0.08 0.08 0.08 0.08
benefit)
Proportion of Feb/Mar
days of moderate
environmental risk (NOPS 0% 8% 3.9% 1.7% 0% 1.7% 1.7% 1.7% 0%
to SOW®R®Er (F
freshwater reach risko®)
Improvement over current
(Upper freshwater reach 0.08 0.00 0.04 0.06 0.08 0.06 0.06 0.06 0.08
benefit)
Combr;]”eet?i Cbze”ef” 57.16 0.00 5.08 9.13 10.16 10.14 13.14 15.14 18.16
Net PresT’ggf eclo)St (from $0.48m $0.75m $2.54m $2.81m $3.96m $5.11m $6.9m
b erabte w forinbdeidd ratdiral, current, {16, M12,MN20; amd NRO $18 o/ a0 rudni t2i0d s . The ALower

Notes: The AProportion of Feb/ Mar
2012 Table 11 for modelled natural, current, N6, N12, N20, and N20 S18 conditions. Values for the modelled conditions for N12 S6, N12 S12, and N12 S18 are interpolated.

2. The values for fupper freshwater reach riskoassume that the Table 11 risks as calculated at Burrupa apply equally to the upper reach.

3. The combined benefit metric is calculated as: Estuary benefit + lower freshwater reach benefit + upper freshwater reach benefit.

4. GHD2014 associates N6 with approximately 10% depletion of river flows. N12 is also subject to depletion of river flows. This is not accounted for in the above table as the percentage is an estimate.

freshwater
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3.5 Benefit vs. Cost Analysis

A benefit vs cost analysis for selected options is shown in Figure 2. Two sets of benefits are plotted on
the figure T estuary benefits are circled by a dashed line; freshwater benefits are circled by a dotted line.
It can be seen from the figure that estuary benefit increases as option cost increases; however the
marginal freshwater benefit for expenditure beyond $1 million is low because (as reported in Alluvium
2012) risks to the freshwater environment occur infrequently in the existing flow regime. The flow regime
is expected to change in the future due to climate change impacts.

Under current conditions, the risks to the freshwater environment can be virtually eliminated if
groundwater substitution of 6-12 ML/d occurs at the North Otway pump station (cf. options N6 and N12,
as shown in the Figure). Note that N6 and N12 are also associated with substantial estuary benefit at
relatively low cost.

Figure 2 Shortlisted Options: Benefit vs Cost.
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The shortlisted options are summarised in Table 3.
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Table 3 Shortlisted Options

groundwater  Relative NPV/ML

substitution benefit Cepiiel Net installed
capacity to éon‘:‘; Clj)rsetsg;r;rt]) capacity
(ML/d) estuary ($m/ML)

Option Description

Current  No change from current conditions 0 0 0 0 0

The existing Carlisle River
borefield (located at North Otway)
could be run at 6 ML/d during
summer low flow periods without
breaching existing licence
conditions.

The existing Carlisle River
borefield could be run at 12 ML/d
N12 during summer low flow periods if 12 9 0.10 0.75 0.063
existing licence conditions are
amended.

In addition to N12, input up to 6
ML/d of groundwater to the South
Otway pipeline during summer low
flow periods.

N6 6 5 0.05 0.48 0.080

N12 S6 18 10 1.60 2.81 0.156

In addition to N12 construct two
new bores at North Otway so up to
an additional 8 ML/d is input
during summer low flow periods.
This will allow full groundwater
substitution at North Otway.

N20 20 11 1.49 2.54 0.127

In addition to N12, input up to 10
N12 ML/d of groundwater to the South
Cc10 Otway pipeline at Curdievale

during summer low flow periods.

In addition to N12 & S6, construct
N12 one more bore at South Otway so
S12 up to an additional 6ML/d is input
during summer low flow periods.

In addition to N12 & S12,
construct one extra bore at South
Otway allowing an additional
N12 6ML/d to be input to the South
S18 Otway pipeline during summer low
flow periods. This will allow full
groundwater substitution at South
Otway.
In addition to N12 & S18,
construct two more bores at North
N20 Otway. This will allow full
S18 groundwater substitution at both
locations during summer low flow
periods.

22 12 4.95 4.25 0.193

24 13 2.40 3.96 0.173

30 15 3.20 511 0.170

38 18 4.60 6.90 0.181

Note: “GHD2014 associates N6 with approximately 10% depletion of river flows. N12 and N20 are also subject to depletion of river flows. This

is not accounted for in the Table as the percentage is an estimate.
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The relative benefit to estuary shown in Table 3 is modelled for 2012 conditions. As summer demand,
and hence extractions increase into the future, the relative benefit of greater installed capacity to
substitute groundwater will increase.

Full capacity of the Otway System includes use of the existing Carlisle River bores at up to 6 ML/d to
supplement (rather than substitute for) river extractions. This occurs when extractions are restricted to
less than 15ML/d due to low flow in the river. This was allowed for in Alluvium 2012.

The capital cost of Option C10 does not include the cost of the recently constructed10ML/d bore at
Curdievale but does include the cost of equipping the bore for production, cooling and injecting into the
south Otway pipeline. Allowance has been made in the costs for the installation of an additional bore
and associated works in 2030 to cater for increasing demands while providing for the substitution of river
water during summer low flow periods.

It should be noted that groundwater substitution utilising bores at Curdievale of more than 10ML/d post-
2030 would require Southern Rural Water to increase the Permissible Consumptive Volume for this
aquifer system, prior to the construction of a second Curdievale bore.

The Benefit/Cost analysis concludes that using the existing bores at North Otway to substitute up to 12
ML/d during the low flow period is the most cost effective option resulting in significant improvement to
both the upper and lower reaches and the estuary of the Gellibrand River.

3.6 Option Risks

There is a risk for all options that the water gains in the Gellibrand River are simply extracted by other
users (irrigation) under existing extraction licences and flow sharing rules. Thus, implementation of any
of these options would need to include an adjusted flow management regime with associated education
and monitoring.

The options to increase the volume of water substituted are essentially around whether the water comes
from the North or South Otway areas or Curdievale. This section examines the relative risks associated
with these three locations.

North Otway

GHD (2006) identifies that the aquifer is relatively shallow in this location and interconnection with the
River is likely. The groundwater flow through the aquifer is in a southerly direction to the ocean with an
estimated 7,400 ML/year through flow at the North Otway location. Wannon Waterd experience is that
the river gains approximately 20 ML/d flow between the North and South Otway offtakes during summer
months supporting the fact that recharge of the river from groundwater occurs between these two
locations.

Although development of another 8 ML/d is very small compared to the through flow and the proposed
bore locations are around 500 m from the river, there is a risk that the groundwater recharge of the river
may be impacted by this extraction. The risk of causing localised impact on springs and groundwater
dependent ecosystems is also greater here than where the aquifer is deeper (South Otway).

Other risks at this location such as loss of power, fire damage and flooding are similar to the South
Otway location but greater than Curdievale.

South Otway

GHD (2006) identifies that the aquifer is deeper at this location than at North Otway and has an overlying
aquitard i refer appendix E for cross section of this aquifer that shows the aquitard. Thus, it is less likely

e —
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to be as significant a recharge source for the river compared to the North Otway location. Thus, the
extraction of water from this aquifer has a lower risk of impacting river flows than the North Otway
location.

For the same reasons, the risk of impacting on springs and groundwater dependent ecosystems is lower.

The South Otway location is not proven and these options include preliminary investigations to better
understand the characteristics of the aquifer and water quality. There is a risk that the aquifer
characteristics are not as expected with lower yields and/or poor quality water resulting in these options
not being viable.

Other risks at this location such as loss of power, fire damage and flooding are similar to the North
Otway location but greater than Curdievale.

Curdievale

Curdievale bore accesses the lower tertiary aquifer at a depth of around 800 m which has a groundwater
flow generally to the south and is thought to discharge to the ocean well offshore. For these reasons the
risk of impacting any rivers or groundwater dependent ecosystems is far lower than either of the Otway
locations.

The water temperature of around 42° C presents a risk of algal blooms and increased slime growth. This
is addressed in part by including a cooling tower in the capital works but there is still an underlying higher
risk of algal blooms in the downstream storages where this water is stored before treatment. The
inclusion of more pumps and cooling towers presents a greater risk of mechanical breakdown compared
to the North and South Otway locations.

The water has a higher salinity level compared to the North and South Otway location options but still
below the 500 mg/l aesthetic limit for potable use. There are implications for industrial uses with

increased salinity that would need to be explored as part of introducing this water source. Until the new
bore is Apump t est e dsometwhter gualityiparamsters niay preaentropesationat h a t
problems.

The risk of power loss and fire damage is still present at this site but lower than at the Otway sites.
There is no flooding risk at this site.

3.7 Conclusions from Option Analysis

The shortlist in Table 3 provides information to assist the decision regarding which option to implement.
Possible capital expenditure ranges from $0 to $4.6M, with the benefit to the estuary increasing as
expenditure increases.

Alluvium (2012) recommended that 6 ML/d of augmentation at North Otway Pump Station should be
pursued as a starting point to improve environmental values in the system. Alluvium was influenced by
advice regarding the existing licence conditions. On review, the existing North Otway bores are capable
of pumping 12 ML/d over the two driest months every year with no problems anticipated apart from
possible minor interference with river inflow from groundwater (as documented in GHD 2009) and the
lowering of groundwater levels below the existin g At ur n . ddirhplementthisgpgtienr the
extraction licence would need to be amended and the level condition relaxed. Figure 2 and Table 3 show
environmental benefits that result from amendment of existing licence conditions. It should be noted that
when the condition was put in place, it was a safeguard against impacting the river flows from
groundwater extraction as a precautionary approach. This option substitutes extraction from the river
with groundwater meaning that the river will be better off even if there is some reduction in natural flow
from groundwater to river. This report therefore recommends that 12 ML/d of augmentation at the North
Otway pump station (achieved by simultaneous operation of both existing bores during summer low-flow
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periods) be pursued as a starting point to improve environmental values in the system. The only cost for
option N12 is for the monitoring and hydrogeological investigation to confirm that localised environmental
impacts are small and the installation of chemical dosing at a number of Wannon Water treatment plants
to manage the impact of the higher manganese level in the bore water.

Beyond implementation of Option N12, expenditure of approximately $1.5M would allow construction
and testing of a new bore at South Otway to substitute an estimated 6 ML/d. Option S6 involves a new
borefield in a location that has acknowledged groundwater potential and, as discussed above, has lower
risks of river interference than the North Otway option N20. Establishment of new observation bores and
investigative pump testing are substantial components of this option to ensure there is no detrimental
impact on the river or groundwater dependant ecosystems as the first step estimated to cost $0.25M.

Although utilising the Curdievale bore could be done at a cost of $1.2M, its long term use would require
an additional $3.6M in 2030 making it a long term less attractive option than the other combined options
shown in Table 1. It should be noted that this bore was installed to provide security of supply to the
region in the event of an Otway fire or other emergency that renders the Gellibrand River water unusable
and to meet system growth demands beyond 2030. Sourcing additional water from the South Otway
area preserves the benefits of the Curdievale bore investment.

Analysis presented in Appendix B4 shows that over the last five years, Otway storages have been
operated at high levels over summer. Independent of the other options considered here, Wannon Water
will aim to keep its storages closer to the target curve. In a dry year, this may represent an additional 3 i
4 ML/day less extracted from the Gellibrand River over summer and autumn (with this volume extracted
over winter and spring instead).

Note however that this is a short term option: as summer demands increase over time, the storages will
be drawn down to target levels anyway. (Target storage levels are water needed in storage to cater for
pipeline or pump failures and water contamination events that occur from time to time.)

The next step in this work will be a 2016 meeting of the partner agencies to discuss the implementation
process.
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Appendix A Notes regarding treatment of source water
Raw water from Arkins Creek (which runs over approximately four months of the year) is currently not
treated before it enters Wannon Water pipelines. Up to 2013, raw water from the Gellibrand River at
NOPS was chlorinated to maintain a free chlorine residual concentration of 2.5 mg/L at the pump station
discharge over the balance of the year (approximately 8 months per year). This strategy was effective in
limiting biofilm build-up (plumatella) in the North Otway pipeline (SKM March 2007). As of 2014, dosing
for Plumatella control occurs on an intermittent basis at 1.5mg/L one week on, three weeks off. (This
change was made to improve operating efficiency).

The Arkins Creek section of the North Otway Pipeline has historically been swabbed from the weirs to the
16 Mile valve where a swab removal facility is located. The section from Tank Hill to Warrnambool
Storage has also been swabbed but other sections have not been swabbed regularly since 1990.

Raw water at SOPS is not treated. Biofouling in the South Otway Pipeline has historically been managed
by swabbing the pipeline every year. Swabbing of the pipeline has not occurred over the last 6 years due
to concerns regarding the disposal of swab water. Reintroduction of regular swabbing for both pipelines
is being investigated.

A five month trial of the Carlisle River borefield occurred in Summer/Autumn 2015 (Wannon Water 2015).
The severe iron slime issues that occurred in the balancing tank during borefield operation in 2002 and
2003 did not reoccur during the trial. It is thought that these previous issues may have been due to iron
bacteria that are no longer affecting the site. The higher iron levels in the North Otway Pipeline that
resulted from the trial are above aesthetic limits but are considered to be tolerable. However towards the
end of the trial period, staining and fouling occurred at Camperdown, Simpson and Terang Water
Treatment Plants. Staining was also noticed by some supply by agreement customers on the pipeline.
The staining is affected by the water quality in the mix of source waters, which varies from year to year
and by location, but it is clear that the staining is related to high soluble manganese levels in the Carlisle
River bores.

The following actions are recommended to reduce the staining and fouling issues associated with
potential future operation of the Carlisle River borefield (Wannon Water 2015):
9 Limiting groundwater substitution to periods when flows at Burrupa are less than 100ML/d;
9 Continuous dosing of chlorine into the North Otway Pipeline during borefield operation (at an
operational cost of $10 000 - $20 000 per year);
1 Introduction of calgon dosing at Simpson, Camperdown and Terang (at a capital cost of $45 000
and an operational cost of $20 000 - $40 000 per year).
1 Introduction of calgon dosing at Warrnambool (at a capital cost of $100 000 and an operational
cost of $40 000 - $80 000 per year).
1 [Ifiron slime in the balancing tank reoccurs (which is considered unlikely),annual A Cl ear
treatment of the bores to kill the bacteria may be enough to manage the iron fouling problem.
(This cost has been removed from the calculations in this report as of September 2015).

There is no information available regarding the quality of groundwater at South Otway. There is a risk
that it may be high in salinity or some other parameter. The only way to confirm this is via the
investigation program associated with the S6 option. However, beyond the costs of these investigations,
the options evaluation assumes that the quality of this source water will be similar to that of the North
Otway bores and acceptable for potable supply.

The other raw water source considered in this report is deep groundwater at Curdievale. The
temperature of this water has been measured at 42.5° C and the water quality has been assessed as
meeting Australian Drinking water Guidelines. There is a significant risk of algal blooms in the
Warrnambool storages receiving this water due to temperature increases. Accordingly, this option
includes cooling the water to around 20° C. before it is pumped to the Dales Road Storage, where it will
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mix with other source water before being treated in the Warrnambool Water Treatment Plant.

It is noted that low-volume sampling of Curdievale bore in March 2013 showed soluble Manganese of
0.02 mg/L, which is higher than river water and may lead to staining problems. An allowance for calgon
dosing at Warrnambool (at a capital cost of $100 000 and an operational cost of $60 000 - $80 000 per

year) is costed in to the Curdievale options.
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Appendix B Augmentation Options: Location Maps and Option Details
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B1. Options N12 and N20. North Otway bores 12 ML/d or 20 ML/d
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Option N12 (North Otway bores 12 ML/d) involves use of the two existing Carlisle bores at 6ML/d each.

Option N20 (North Otway bores 20 ML/d) involves use of the existing Carlisle bores at 12ML/d, plus two
bores at site 1 (one at the Gellibrand River Road; the second 280m to the north, as shown in the above
figure).

The two existing Carlisle bores are located at the North Otway Pump Station and are 75 metres and 125
metres from the river. Based on 10m contours, the bores are at RL 55m and the river here is at RL 25m.
These bores can each run at 6ML/d. Currently only one bore is run at a time to meet the existing licence
condition and to avoid drawdown to the trigger level in the nearby observation bores. Note that the
existing bores are about 135 metres deep with 300 mm diameter pump casing to 80 metres and 219mm
diameter production strings.
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Site 1 is at the Carlisle River Residence on the Gellibrand River Road. The road is at RL45m and the site
is 400m from Leahy Creek and 900m southeast of the existing bores.

Option N12 assumptions:

Pumping head to deliver to the balancing tank is 60 m for the bores and 40m for the river.
This leads to electricity costs of an extra $10 per ML pumped from the bores (based on 2001
estimates for the Carlisle River borefield).

1 A monitored trial and hydrogeological investigation (costed by GHD at $42 000 including 20%
contingency) will be carried out to confirm that localised environmental impacts of the
increased pumping rate are small.

Option N20 assumptions: as for Option N12 except:
1 A bore drilled on the Gellibrand River Road in this vicinity will sustainably yield 4ML/d (45 L/s).

1 Allow for two new observation bores near the production bores. Note that the existing Carlisle
River Observation bores (especially Obs 8) will also serve this site.

Bore depth 150m, bore diameter 300mm for production; 100mm for observation.

Water from the two new production bores is piped into the balancing tank adjacent to the
existing Carlisle bores. (300m of DN225 pipeline; and 600m of DN300 pipeline, including a
crossing of the Gellibrand River).

Note that the two proposed new North Otway bore sites are close to power lines. This will minimise the
cost of providing site power.

SKM2007 discusses a #dnr i v e feRiser doreandmags the Princetowa gyncine i n g
though Carlisle River. Site 1 is near the syncline so yields are likely to be high but the river site has

connectivity with the river, which may lead to limitations on the licence similar to those for the existing

Carlisle River bores. There is a risk that Option N20 may (after sustained pumping, say 20 days or more)

draw groundwater levels down below the level of the river. However this situation would be temporary

and the aquifer would be fully replenished every winter.

Site 2 is at Pipeline Road. The site is RL240m and 2.8 km northwest of the existing bores. Note that this
is the high point on the North Otway Pipeline (except for Arkins Creek, which is at RL 340m).

Note that SKM2007, 2008a investigatedt h e @ a nt . Thik siteo®rrespondsewith site 2 and has low
hydraulic connectivity to the river, which is the key advantage of the site. However SKM2008a gives bore
completion reports and gamma logs for three observation bores at this site (constructed 2008) which
indicate that there is very little water bearing strata. At obs 1, the sands at about 40 metres depth do not
produce any water. Bedrock is at 55 metres. The standing water level of 93 metres below ground level is
down too far for airlift. Based on the SKM2008a results, it is very unlikely that the target yields of 5.5
ML/d per bore can be achieved at site 2.
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B2. Options S6, S12 and S18. South Otway bores 6, 12 or 18 ML/d

- 3 -3
KWSJ“IQEW % 2 g
Ry £,
SKM Site Sy, E
& % &
\ %, ;B)O g
R S &

Site 2 South thayck
: & __,/_’%“‘14‘ Main Pump | h Otway
Site 1 oy f"

Station River Pump

4 .
'Z}o E\\Eeﬂ“ ?y% Station
% %
S %
75069/ B

75070
&
& 2
e :
N Z
& )
o7 i 73‘%
J 3

Frgy, /

YONgg CREEK

The South Otway River Pump Station and Main Pump Station are on Deans Road near the Gellibrand
River Road. This is close to the Gellibrand River/Kennedys Creek confluence. Based on 10m contours,
the river here is at RL 15m. The South Otway Pipeline runs east-west as shown in the above figure, past
Valley View Road and the Boulevarde.

Note that this region has been the subject of desktop studies (GHD 2006, SKM2007). The potential bore
yields are unknown but are estimated for the purposes of this assessment as 6ML/d (70 L/s) per bore.
This estimate is expected to be refined after test drilling and test pumping.

SKM2007 recommends a site for construction of a 500m deep, 200mm diameter production bore that is
shownas t he ASKM sitedo in the above figure. Thi s
Pump Station. The SKM site was chosen as the location most likely to yield high groundwater volumes
while minimising interactions with the Gellibrand River. The aquifer at this location is deeper than the
NOPL location and anticipated to be less connected to the river.

Option S6, S12 and S18 (South Otway bores 6, 12 or 18 ML/d) involves the construction of one to three
production bores at or near site 1. Site 1 is located where the pipeline crosses Valley View Road. This
siteisat RLIOOmandisl km sout h of 4.k from K& kbinpunp station and 4.9km from
the Gellibrand River. This site was chosen to be close to the SKM site while minimising to length of
transmission pipelines.

Site 2 is located where the pipeline crosses the Boulevarde. The site is at RL 110m and is 1.4 km from
the main pump station and 1.6km from the Gellibrand River.

The high point on the South Otway pipeline is further to the west at Plantation Road, at RL120m.
Assumptions:

1 Each bore drilled in the South Otway vicinity will sustainably yield 6ML/d (70 L/s).
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1 Anyiron fouling issues can be dealt with by annual treatment with clearbore at a cost of $5
000 per year per bore.

1 Water extracted at the new bores can be injected directly into the South Otway pipeline at a
static head of (120 -100 =) 20m.

1 Pumping head is 20m greater for pumping from the bores compared to pumping from the
river. This leads to electricity costs of an extra $10 per ML pumped from the bores (based on
2001 estimates for the Carlisle River borefield).

1 Allow for six new observation bores.
1 Bore depth 500m, bore diameter 200mm for production; 100mm for observation.

Note that Site 1 is close to 7kV power lines (and site 2 is close to 22kV power lines). This will minimise
the cost of providing site power.

There is a risk that groundwater may be high in salinity. Water quality testing should be done at all
stages of the pilot bore investigation program. Until this testing occurs, for the purposes of options
evaluation, it is assumed that salinity will be acceptable for potable supply.

There is an existing nested state observation bore site consisting of bores 75069 and 75070 that is 4km
southwest of the South Otway Main Pump Station. 75069/75070 is at RL 70m, with constructed
depth/diameter of 300m/100mm and 47m/unknown. SKM 2008b conducted a pump test at 75069 and
found:

- 75069 screens the Pebble Point Formation (this is the target aquifer for the proposed production
bore). Water levels show seasonal fluctuations generally less than 20cm. A slight decline (20cm) in
water levels has occurred between 1999 and 2008.

- 75069 had to be pumped at very low rates (0.5 L/s) which is likely to be due to a combination of short
screened intervals (only 3m of screen), narrow bore diameter, and fine-grained aquifer lithology. The
rapid recovery observed after pumping shows that the bore is in good hydraulic connection with the
aquifer and is giving accurate water level measurements. However, the casing integrity is dubious,
because: i) the pump could not be lowered any further than 100m due to an obstruction in the bore,
and ii) became caught when trying to lift the pump from this depth.
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B3. Options C10 and C18. Curdievale bores 10ML/d or 18 ML/d

Curdievale is located about halfway between the Gellibrand River/Kennedys Creek confluence and
Warrnambool. The South Otway pipeline passes through this location. Curdievale groundwater has
been identified as the preferred option for a future major augmentationof War r nambool 6s suppl
Wannon Water constructed one bore at Curdievale yielding 10ML/d in 2014, to be available for
emergency supply to Warrnambool. Option C10 would involve utilising this bore in preference to river
extractions during summer months and constructing an additional bore in 2030 to allow for increased
demand to be met while achieving the substitution objective of 10 ML/day 1 thus preserving the purpose
of the existing bore. Option C18 would involve construction of two additional bores resulting in a total of
18 ML/d substitution capacity. These options also include the cost of equipping the bores and cooling the
water to around 20° C and balance tanks and pump stations to inject into the South Otway pipeline. This
is because the existing plan is to use the new bore in emergencies utilising an existing diesel pump, not
as a fully equipped bore. As an emergency facility it would only be pumping into the pipeline without water
being supplied from Plantation Road requiring smaller pumps than if it was running in combination with
Gellibrand River water.

GHD 2012 Appendix C gives a cost estimate of $2m for construction of a bore yielding 10ML/d at
Curdievale. This estimate covers construction costs for the bore and does not include equipping the bore
or construction of pipework or other infrastructure.

For supply of 10ML/d from Curdievale to Warrnambool, GHD2012 give the following information:
Curdievale NSL = RL 37m; Warrnambool storage FSL =RL 35.5m.

Bore pump operating head = 80m lift in the bore + 30m losses in local pipework + 30m losses in SOPL.
Pump duty = 115L/s (10ML/d) @ 140m head.

Selected submersible bore hole pump: Grundfos SP360-5D G, budget price $63 000.

GHD 2012 Appendix F gives the following cost estimates for equipping a 10ML/d production bore (not
including 20% contingency):
Submersible pump, rising main, cables $100 000

Site civil works $ 63000
Transfer pipelines $ 10000
Power supply $100 000
Switchboard and SCADA $140 000
Cooling tower, tanks and pumps $ 575000.

(added by Wannon Water)
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B4. Airspace Option

GHD 2010 noted an Airspace Option i to Modify the operating rules for existing system storages to increase
extractions from the Gellibrand River during wetter months (winter and spring), with less extraction in the drier
months. This option is considered here.

2400
Otways System Storage (ML)
2200
2000
1800 ..“_,.__1.,,.9..4.*.4..9..,...._‘7.”*.-‘
- e
o
-
. -, & .
Ky A A e 4. Stage 1
. A A e & Target Curve
1600 "
* A A& B —=—2009/10
= s, ok g ——2010/11
* —
A A e 2011/12
A i L
. Ay “_.0 ——2012/13
1400 . - 2013/14
* i
o 2014/15
. -
. »
. -+
.., Fa
J JIEL SR SRR
1200 +
December January February March April May June July August September October November

The above Figure shows that for the last six years:
1 Otway system storages have been full on 1 December;
1 System storage levels over summer have been well above the revised target curve.

If the storages were operated at the target curve, an additional 200-400ML of drawdown would occur over
summer months for these years. This represents up to 4ML/d of reduced summer extractions.

The targetcurveisa fit arget storage | evel d which is maintaine
water is kept in storages to cater for pipeline or pump failures and water contamination events that occur
from time to time. The storages are filled over winter and spring.

Wannon Water is taking steps to further investigate this option to determine which individual storage has
scope to be allowed to decline closer to their target curve. Compared to the last five years, this option is
expected to reduce summer extractions by up to 4 ML/d. Note however that this is a short term option: as
summer demands increase over time, the storages will be drawn down to target levels anyway.
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B5. Option NW. North Otway offstream storage and winter harvesting
GHD 2010 costs a 1000 ML winterfill storage constructed about 2.5km from the Gellibrand River on the
North Otway Pipeline at $8m (not including transfer pipelines and winter harvesting pumps). The $8m

estimate of GHD 2010 is adopted here.

This location is shown below, along with a proposed embankment location. Note that the local catchment

is cleared, but the areas northeast of the pipeline and southeast of Pipeline Road are forested. Note that

the high point on the pipeline is RL240m and the FSL of the proposed 1GL storage is RL 205m, with an

embankment length of 300m, embankment volume of 10 000m3 and a maximum storage depth of 20m.
proposed

embankment

location U

T,

Py euuadly

pipeline Rd

200m
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Appendix C Historic Gellibrand River Flow Trends
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week

FLOW RECORDS AT BURRUPA OVER LAST 5 YEARS

Gellibrand @Burrupa gauge (235224)

date 2009/10 2010/11 201112 2012/13 2013/14
1 July 233 454 908 1413 188 300 y
2 July 898 499 3451 1493 884
3 July 1555 449 2660 1138 754 Burrupa gauge l
4 July 503 679 1616 1021 918
5 July 620 357 1412 1944 425
6 August 1300 2777 842 942 2159
7 August 685 20147 1062 1758 3688 250
8 August 1268 3463 1497 1943 2245
9 August 2271 2816 638 2029 5688 |
10 September 3235 2632 470 2339 1106
11  September 1819 3832 556 1552 643 ~#-2009/10
12 September 716 1235 465 777 698
13 September 751 806 442 658 3417 ==2010/11 /
14 October 1358 808 1058 1759 1568 200 K
15 October 569 563 532 612 1362 \
16 October 786 725 404 1751 636 A 201112
17 October 745 716 293 589 512
18 October 379 380 311 420 1565 —e—2012113
19  November 391 1070 487 391 551 z
20 November 209 413 396 290 600 ; 150 2013114 ‘
21 November 148 387 227 242 686 =
22 November 205 466 199 184 1585 =
23 December 333 322 323 165 459
24  December 158 1244 196 169 399 >
25 December 158 516 140 379 396
26 December 163 484 126 137 401 /\
27 January 87 265 104 101 227 100 R R
28 January 71 192 93 100 280 V
29 January 62 1591 316 115 178
30 January 136 697 107 121 148
31 January 57 297 78 133 105
32 February 54 201 93 186 92
33 February 69 193 110 182 96
34 February 383 179 102 189 92 50
35 February 76 189 88 52 104
36 March 69 156 80 54 75
37 March 219 318 109 71 82
38 March 80 146 121 104 109
39 March 69 271 202 149 149
40 April 102 176 194 176 164 o i i i i i i i i i
41 April 86 155 210 202 176 July September October November January February March April May June
42 April 220 841 244 88 145
43 April 96 310 94 60 108
44 April 226 232 335 155 132
45 May 220 249 424 83 295
46 May 581 595 226 84 186
a7 May 239 497 285 460 125
48 May 162 1040 667 192 377
49 June 349 496 341 257 263
50 June 329 1606 2956 419 279
51 June 330 549 493 854 444
52 June 597 3928 1533 238 282

The above Figure shows flows at Burrupa, with flows < 100 ML/d highlighted. These low flows occur in summer and autumn, and vary from
year to year. For example, flows were above the 100ML/d threshold throughout the 2010/2011 year.
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HISTORIC FLOW RECORD AT BURRUPA GAUGE T 45 YEARS

fy ending:

July

July

July

July

July
August
August
August
August
September
September
September
September
October
October
October
October
October

December
January
January
January
January

February
February
February
February
March
March
March
March
April
April
April
April

June
June
June

no. of weeks <100

The above Table shows flows at Burrupa, with flows < 100 ML/d highlighted.
year to year. For example, flows were above the 100ML/d threshold throughout the 2010/2011 year.
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occur in about 10% of years. 13 years out of the 45 year record have 2 weeks or less flow < 100 ML/d being 29 % of years.
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Appendix D NPV Analysis

Insert printouts from spreadsheets.
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Appendix E Newlingrook Aquifer Cross Section
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Figure 35 from SKM 2010, LTA GRA

Bore 75069 is approximate location of South Otway Pipeline and Bore 85790 is approximate location of North
Otway Pipeline
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