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Executive Summary

The Collie River Irrigation System comprises over 200km of open channels that are
over 50 years old and loose approximately 17GL/year to infiltration, evaporation and
overflows. This report examines the conversion of the channels to a pressure pipe
system which eliminates these losses and allows more efficient on-farm systems to be
developed. System configuration options are shown in Appendix C. This report
evaluates these options and shortlists them for further study. It has been prepared in
consultation with the project steering committee.

Pumping Economics

A peak day irrigation demand of 360ML/d has been adopted which is based upon
historic data, knowledge of channel losses and an allowance for the on farm
development that may be initiated by the availability of a pipe system. Some options
require booster pumping. Pump economics have been examined in detail using
“Watercad” hydraulic simulation software and an optimum hydraulic head of 75m AHD
has been derived at the centre of the distribution system. This balances the capital cost
of the pipe distribution system and the operating cost of the pumps.

Renewable Energy

Opportunities exist for the creation of renewable energy through the use of hydro-
power. Excess winter flows can be diverted through reversible pumps or turbines,
renewable power generated and flows returned to the river. A flow of 260ML/d for 120
days has been assumed for the purposes of comparing options. Power can be sold on
the WA Short Term Electricity Market (STEM) or sold through contract. In addition,
renewable energy certificates can be traded. Options have very different renewable
energy potential and the comparison of options assumes that all energy consumed in
pumping will be offset by generating renewable energy and purchasing “green” energy
from the grid to make up any shortfall. The project is therefore assumed to be carbon
neutral.

Comparison of Options

Options have been compared on an economic (see Figure 18), environmental (see
Figure 19 and Figure 20) and social basis (see Table 7) and ranked under each
category. A summary of the rankings is shown in Table 8. In general terms the findings
are as follows;

Option 1 (Connect to Wellington Dam) – This option does not require pumps and could
generate significant quantities of renewable energy. However, it is very expensive,
would cause heavy construction disruption in an area of state forest and would have a
significant impact upon recreation activities downstream of Wellington Dam. It is
therefore discarded.

Option 2 (Upper pipehead dam) – This option does not require pumps and could
generate renewable energy. However, it is expensive and would cause significant
construction disruption in an area of state forest. It is therefore discarded.
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Option 3 (Raise Burekup Weir) – This option achieves middle rankings across the
range of issues could potentially generate more energy than it uses. It would incurr
some construction disruption to localised areas of state forest and around the existing
weir. This option may justify further consideration.

Option 4 (Existing Burekup Weir) – This is the most conventional option and ranks
moderately well across the range of issues. It would incur construction disruption to
localised areas of state forest. It is recommended for further consideration.

Option 5 (Lower pipehead dam) – This option is the lowest cost and construction is
limited to existing cleared land. Stakeholder reaction should be sought to the
construction of a lower pipehead dam and the potential aesthetic impact in the lower
Collie River Valley. It is recommended for further consideration.

Option 6 (Decentralised Boosting) – This option ranks well across all issues except
energy. It would also incur construction disruption to localised areas of state forest. It
may prove to be very economical once the detailed system requirements are
determined through the stakeholder survey. It is recommended for further
consideration.

Option 7 (On farm boosting) – This option generally ranks poorly and is discarded.

Recommendations

It is recommended that Options 4, 5, 6 and possibly Option 3 are considered for a more
detailed evaluation.



161/22539 Collie River Irrigation SystemPlanning
InterimEngineering Report

1. Introduction

1.1 Project background
Harvey Water manages three irrigation districts in the south west of Western Australia
as shown in Table 1 below.

Table 1 Summary of Irrigation Districts

Irrigation District Average Water
Releases

Water Source Conveyance
method

Waroona 10GL/year Waroona Dam Pipe

Harvey/Logues 30GL/year Harvey
Dam/Logues Dam

Pipe

Collie 50GL/year Wellington Dam Open Channel

The locations of the three districts are shown in Figure 1.

In 2003, Harvey Water completed self funded work converting channels to pipes in the
Waroona district which delivered significant water savings and on farm benefits. In
2007 Harvey Water completed a three year project to convert the entire Harvey/Logues
Irrigation District from open channels to pipes. The $70M project was funded by the
state government and delivered approximately 17GL/yr of potable water savings for
urban use. In addition, the pressurised pipe supply is encouraging the use of more
efficient on farm irrigation practices creating increasing water savings as on farm
practices change with time.

The Collie River Irrigation District (CRID) is currently served by an open channel
system that is fed by the Burekup Weir on the Collie River. This in turn is fed by
Wellington Dam which is the largest water storage in the south west of Western
Australia. The open channel distribution system was constructed by the Public Works
Department in the 1950’s and is badly deteriorated. An average of 35% of annual flows
are lost to infiltration and evaporation in the distribution system between the point of
release and the point of sale.
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Figure 1 Regional Plan of Irrigation Districts

In March 2008, Harvey Water obtained funding from the Federal Government under the
Modernising Irrigation in Australia (MIA) programme to assist with planning work for the
modernisation of the CRID under the following disciplines;

• Engineering planning to determine the preferred system configuration and
concept design,

• Environmental assessment to evaluate the impact of declining environmental
flows associated with a more efficient irrigation system,

• Stakeholder engagement to determine the aspirations and attitudes of the
irrigators.
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This interim report describes the engineering planning work completed to date, informs
the environmental and stakeholder work which is occurring in parallel and makes
recommendations for further work that is required to complete the engineering planning
process.

1.2 Engineering objective
The engineering objective is to determine the preferred system configuration and
probable cost for modernising the existing CRID open channel distribution system. The
design should provide the best balance between economic, environmental and social
benefits and/or impacts and maximise opportunities for generating renewable energy
using hydro-power.

1.3 Scope of study
The scope of this study and the methodology adopted is summarised below.

• Collate data relating to system topography, aerial photographs, supply point
locations, historical flows, historical water sales, channel design/capacity and
headworks levels/ design,

• Determine peak design flows and probable annual flow profiles,

• Develop a “coarse” hydraulic model using “Watercad” software by Haestead
Methods to determine  the sensitivity of distribution pipe costs with respect to
system pressure,

• Use the above model to determine the sensitivity of distribution pipe costs with
respect to the number and density of supply points served,

• Develop an economic model using net present value analysis to determine the
sensitivity of potential pumping costs with respect to escalation rates,

• Determine an optimum system head pressure for those system configuration
options that require pumping,

• Define all available options for generating pressure in the system including
gravity head arrangements and pumping arrangements,

• Define the optimum method for generating renewable energy from hydro-power
for each option,

• Complete an economic comparison of the available options including capital
costs and whole of life operating costs including potential income from the sale
of renewable energy,

• Evaluate the environmental and social impacts of the various options,

• Shortlist two or three options for further consideration based upon the
economic, environmental and social impacts and benefits,

• Inform the stakeholder survey with information on engineering issues.
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In general terms this interim report is intended to gain an understanding of the key
project issues and to narrow down the number of options that require more detailed
evaluation during the next phase of the study.

1.4 Information supplied
The information collected for this study is summarised below;

• Geospatial data of the CRID from Harvey Water including topography, supply
point locations and details and aerial photographs,

• Geospatial data of the Collie River valley from Burekup to Wellington Dam
including topography and aerial photographs from the Department of Land and
Administration,

• CRID water sales by month since 1996 from Harvey Water,

• Scouring and irrigation water releases from Wellington dam since 2000 from
Water Corporation,

• Daily irrigation releases fro Burekup Weir since 2005 from Water Corporation,

• Collie River gauging data from Station 612043 at Burekup from the Department
of Water,

• North and south supply channel drawings produced by Public Works
Department in the 1950’s from Harvey Water,

• Drawings of the existing Burekup weir from Water Corporation,

• Drawings of the existing Wellington Dam and existing Wellington turbine from
Water Corporation,
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2. Distribution pipe and pumping evaluation

2.1 Pipe system components
To develop a “coarse” hydraulic model of the pipe system, demands were clustered
into groups of supply points, each cluster representing a single demand for water in the
system. This simplified the analysis and allowed the effort to focus upon the larger
distribution pipes where most of the costs are incurred. Refer to Figure 2 below for a
depiction of the various system components and the terminology adopted for the
purposes of this report.

Figure 2 Pipe system components

The components are further described below;

• Supply Pipe – the main supply pipe from the source to Point A,

• Point A – the nominal point in the system where the pipes bifurcate and
become a hydraulic network,

• Distribution pipes – the larger pipes connecting Point A with the nominal centre
of the supply point clusters,

• Reticulation pipes – the smaller pipes delivering flows to supply points within
the supply point clusters,

• Supply point – an existing channel supply to an individual irrigator,
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This section of the report examines the design of the distribution pipes and the
sensitivity of distribution pipe cost with respect to system pressure and the density of
supply points.

2.2 Water demands
The design criteria for the future demands is based upon historic flow data and an
understanding of the delivery losses in the channel system. Figure 3 below shows the
daily releases from Wellington Dam and Burekup Weir since 2000 and average day,
peak month data for the releases and on farm sales. It can be seen that, for the years
2006 and 2007, only 50% of the water leaving Wellington Dam during the peak month
was sold at the supply points. The remainder was lost to evaporation and infiltration in
the Collie River and in the channel system.

Irrigation Releases from Wellington Dam and Burekup Weir
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Figure 3 Historic Flow Data

From the above figure it can be seen that the typical average day peak month release
from the Burekup Weir is approximately 300ML/d (light blue line) and the peak day
release is 480ML/d including delivery losses. This gives a peaking factor of 1.6 which is
reflected in the reported irrigation practices within the CRID. Average day peak month
on farm sales are approximately 200ML/d (yellow line) which is based upon an
estimate of 35% delivery losses. Applying the peaking factor of 1.6 to these figures
gives a peak day flow of 320ML/d excluding delivery losses which represents the
probable peak flow for a pipe system given the current on farm practices.
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However, flood irrigation reportedly requires 36 hours supply every 10 days which
represents a full supply for 15% of the time. Table 2 below shows the theoretical full
demand if all of the supply points required a 15% flow.

Table 2 Summary of supply points

Supply Point Flow No 15% demand flow
(ML/d)

70l/s 153 138

140l/s 218 395

Total 371 533

As the actual peak day flow is 320ML/d and the theoretical maximum is 533ML/d it is
concluded that only about 60% of the irrigable area is currently irrigated. There is
therefore some risk that upon conversion to a pipe system, investment occurs on
currently inactive land and centre pivots are installed that actually increase the short
term peak day demand for water. An additional allowance of 40ML/d is therefore added
to the peak day demand as a contingency against this risk. This allows for
approximately 30% of this land to be irrigated using efficient methods with low peaking
factors before investment occurs on flood irrigated land and overall demands start to
fall. Figure 4 below summarises the existing and adopted design peak flows and annual
flow profile.

Adopted Demand Profile
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Figure 4 Adopted Demand Profile

The design peak flow is therefore 360ML/d and the adopted annual flow is
33,000ML/year. These values are carried forward into hydraulic modelling and costing
work to determine the best configuration for the system. The adopted water demands
exclude any allowance for existing or future environmental releases which could have a
significant cost impact on the system depending upon the location or magnitude of the
release.

2.3 Scenarios modelled
The cost of the distribution pipes will be a large proportion of the total project costs. The
size, and therefore cost, of these pipes is directly related to the available pressure in
the system and the head available. Lower pressures will result in larger pipes with
lower head losses and therefore greater costs. Higher pressures will result in the
opposite. To determine the relationship between pressure and cost three scenarios
were modelled using “watercad” hydraulic modelling software as follows;

• Scenario 1 : 70mAHD head available at Point A

• Scenario 2 : 90mAHD head available at Point A

• Scenario 3 : 110mAHD head available at Point A

For each scenario a pipework configuration was developed that balanced pipe size and
cost against dynamic losses and pressure. The three configurations developed are
shown in Appendix A and are based upon the following assumptions;

• Delivery head of 25m at the supply point cluster. This allows for a further 5m
head loss in the reticulation pipes and a 20m delivery head at the farm which is
sufficient to drive a centre pivot irrigator.

• The pipe routes are identical for all three scenarios and assume that pipes will
be routed parallel to major roads or along property boundaries and will
generally be aligned through cleared agricultural land.

• All pipes are assumed to be PE100 Class 4, 6.3, 8 or 10 depending upon the
pressure requirements. Pressure class has been selected to withstand the
pumping dynamic head or the reservoir static head, whichever is the greatest.

The three configurations were then costed as discussed below.

2.4 Distribution pipe costs
Costs are based upon previous work completed on the Harvey Pipe Project with an
allowance for escalation, overheads and profit. Larger pipe rates are based upon
recent advice from Kingston Bridge who now manufacture PE100 pipes up to 2000mm
diameter. The adopted scale of rates is shown in Figure 5 below.
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Adopted Pipe Rates
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Figure 5 Adopted Pipe Rates

Figure 6 below shows the final correlation between pressure at Point A and the value of
the pipe system downstream of Point A. It should be noted that the evaluation includes
an allowance for reticulation pipes and supply points for all scenarios which is based
upon analysis of costs from the Harvey Pipe Project.

Cost of pipe system versus system pressure at "Point A"
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Figure 6 Effect of pressure on pipe costs
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It can be seen that higher pressures at Point A allow for smaller, cheaper pipes but the
higher pressure classes required partially offset any cost gains made. The relationship
shown above can now be applied to further analysis to determine the optimal pumping
arrangements and to evaluate different options that involve a range of pressure at Point
A.

2.5 Optimal pumping pressure
Several of the options for the overall system configuration will involve some form of
booster pumping at or around Point A. The optimal pumping pressure at Point A is a
trade off between the cost of the pipe system downstream, the cost of the pump station
and the Net Present Value (NPV) of the energy required to drive the pumps. The
analysis is based upon the assumptions listed in Table 3 below.

Table 3 Pumping NPV assumptions

Discount Rate 7.5%

Escalation Rate for energy costs Range of
2% - 5%

Tax Rate 30%

Standard Cost of Energy 12c/kwhr

Pump Station Capital Cost per kW $3000/kW

The NPV of the pump station was calculated for a period of 100 years, using the
assumptions listed above. It should be noted that the cost of standard energy is
assumed (12c/kwhr) as opposed to the cost of green energy (say 18c/kwhr) for the
purposes of determining the optimum pumping rate. Opportunities exist to at least
partially offset the consumption of standard energy by generating green energy using
hydro-power and therefore most of the energy purchased should be at the standard
rate. Detailed calculations can be found in Appendix B. It should be noted that the 70m
scenario does result in some isolated elevated areas of the CRID falling below the 20m
residual head and an allowance has been made for supplementary booster pumps to
allow for this in the economic analysis. In practice however, lower pressures may be
tolerated in these elevated areas as was the case for the Harvey Pipe Project.

Figure 7 below shows the results of the NPV analysis graphically with the range of
escalation rates.
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Cost of Distribution Pipe and Pumping
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Figure 7 Optimal pumping head at Point A

What can be seen from the figure above is that the optimal pumping head (ie lowest
point on the line) at Point A varies depending upon the escalation rate assumed.
Higher escalation rates create a higher future cost of power and therefore a lower
optimal pumping head. Industry standards assume a typical escalation rate of 2.5%.
However, general consensus is that the cost of energy is likely to escalate rapidly, at
least in the short term. Therefore for the purposes of comparing options a long term
escalation rate of 4% is adopted which suggests a doubling of energy costs every 18
years. Based upon these assumptions the adopted optimal pumping discharge head at
Point A is 75mAHD as shown. It should be noted that this is not the head across the
pumps, which will vary for each option, but is the pressure in the pump discharge pipe
expressed in m AHD.

This value is applied to all of the system configuration options involving booster
pumping at, or around, Point A. These options are further developed and discussed in
the following sections.
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3. Renewable energy opportunities

3.1 Potential turbine flows
Figure 8 below shows the flows that could potentially be diverted through a turbine and
used to generate hydro-power.

Pump station and potential turbine flows
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Figure 8 Potential turbine flows

It can be seen from the figure above that irrigation demands are generally from
November to April and high river flows occur during the late winter months from July to
October. Clearly there is potential to divert a portion of the river flows through a turbine
and generate renewable energy that could offset, or partially offset, power used during
the summer months to drive booster pumps that are required for several of the options.
After brief consultation with the Department of Water a value of 260ML/d for 120 days
per year was adopted as a potential annual turbine flow. It should be noted that this
flow will bypass only a portion of the river and will be returned to the river lower in the
catchment prior to the coastal plain. This is for the purposes of comparing options only
and would have to be considered in detail during the next phase of design.

3.2 Reversible pumps
Several examples exist within Australia and worldwide of the application of reversible
pumps – or pumps that can operate as either pumps or turbines depending upon the
direction of flow. These are generally found in large pumped storage schemes which
pump large quantities of water to an elevated dam during periods of low power demand
(ie at night) and then reverse the flow during periods of peak demand to generate
additional power for the grid. This technology could be applied to this project and is
assumed for options that require booster pump stations that could operate as turbines
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during the winter months. Costs for reversible pumps include an allowance of 20% to
cover the additional pipework, valves and electrical infrastructure to allow pumps to
generate power in reverse.

3.3 Renewable energy incentives

3.3.1 Renewable Energy Certificates (RECs)

Renewable Energy Certificate (RECs) can be created by renewable energy generators
and sold to parties who are liable to aquit RECs (electricity generators). To create
RECs, a RE power station must first become accredited with the Office of the
Renewable Energy Regulator (ORER), as per the instructions at:
http://www.orer.gov.au/generators/index.html. The generator then registers its
generation via the ORER to obtain registered RECs that may be traded. For a full
description of the rules see the ORER website.

To sell RECs, it is the generator’s responsibility to find a buyer and negotiate the price
and other terms of sale. Potential buyers may include:

• liable parties, such as electricity retailers, who have an obligation to surrender
RECs to the ORER each year or pay a shortfall charge in order to acquit their
liability under the Act;

• Registered Agents, and

• traders of RECs.

Last week, RECs were trading at $51/MWh on the spot market, and 2012 futures were
trading at over $70/MWh.

3.3.2 Rural Renewable Energy Program

This is a grant program administered by the Sustainable Energy Development Office
(SEDO), http://www1.sedo.energy.wa.gov.au/index.asp. Grants are available for
medium projects (30kW – 2MW) for grid connect systems in one of the eligible shires.
The grant is up to 50% of the capital costs of the project. The Collie project is not in an
eligible Shire and in any case it is not clear whether this program is going to be
continued.

3.3.3 Low Emissions Energy Development Fund (LEED)

Depending on the cost structure of the renewable energy aspect of the project, the
proponent is likely to be eligible for a monetary grant towards the capital cost of the
project under the LEED scheme. This scheme is administered by the Department of
Environment and Conservation and the application forms and guidelines are available
at: http://www.dec.wa.gov.au/

3.3.4 Sale of Power via Smart Metering to Synergy

The maximum power that can be operated on Synergy’s renewable energy buyback
scheme is 5kW, and in any case this scheme appears to be exclusively for residential

http://www.orer.gov.au/generators/index.html.
http://www1.sedo.energy.wa.gov.au/index.asp.
http://www.dec.wa.gov.au/
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customers. The buy-back price is the same as the purchasing price (this is known as
net metering). This scheme therefore does not apply to this project.

3.3.5 Power Purchase Agreements and the Wholesale Electricity Market

The hydro scheme proponent would need to sell the power, either directly into the
Wholesale Electricity Market (WEM) or via a bilateral contract with an electricity retailer
or major consumer. In order to do that a trading entity would need to be formed and
registered.

The prices registered by the administrator and operator of the Wholesale Electricity
Market (WEM) in Western Australia indicate the values traded in the Short Term
Electricity Market (STEM) in the previous trading day and historically:
http://www.imowa.com.au/10_5_1_i_i_pub_stem_detail_p1.htm. These prices indicate
the values that would be obtained for power if it was traded in the STEM. Trading the
mini-hydro electricity on the Short Term Electricity Market (STEM) would require
regular administrative activity; there would be price volatility and prices as indicated by
the IMO, whereas negotiating a bilateral contract (Power Purchase Agreement) would
provide surety, lower prices and a minimum of ongoing interaction with the market. This
process is not straight forward, and further investigation and consultation would be
required to determine the most appropriate course of action. Typical forecast STEM
prices which vary throughout a typical day are shown in Figure 9 below.

Figure 9 Short term electricity market prices

http://www.imowa.com.au/10_5_1_i_i_pub_stem_detail_p1.htm.
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3.3.6 Proposed changes to electricity net metering

It is interesting to note that much recent attention has been paid to the idea of setting
the electricity retailers renewable energy buyback price to be far higher that the current
level and much higher than the net metering value (as is currently done in Germany).
The value of 60c/kWh has been widely discussed. This is unlikely to have an impact on
a project of this size however, with power of 2-4MW installed and of the order of
2000MWh/annum, as it is certainly to be for ‘small’ generators only.

3.3.7 Carbon Pollution Reduction Scheme (CPRS)

Marked rises in electricity costs are expected in the near future for both residential
customers and businesses. For example, the Office of Energy report on electricity
prices says prices should increase by 47 per cent in 2009-10 and 15 per cent in 2010-
11 There will be further electricity price rises due to the introduction of the new carbon
trading system (Carbon Pollution Reduction scheme (CPRS)) in 2010-2012. The
generation of renewable energy as part of this project will enable a degree of offset to
the energy costs elsewhere in the scheme.

The project owner will not be directly liable for carbon permits or payments under the
new CPRS. Upstream energy producers will be liable and will pass through these
additional costs to their customers, such as the Collie Irrigation Scheme. The impact on
this project will therefore be largely in terms of electricity price increases. Therefore one
of the values of including a hydro-power system in the project is to bypass cost
increases.

3.4 Renewable energy assumptions
For the purposes of comparing options it is assumed that the project will be carbon
neutral. Therefore, it is assumed that renewable energy will be generated where
possible for each option and income derived in the form of trading in the STEM and
trading Renewable Energy Certificates (REC’s). If trading in the STEM is not
considered practicable, the energy can be sold by contract although the value of that
energy will be dictated by the trading rates in the STEM. The equivalent energy
consumed will be purchased from Western Power at conventional rates. Any shortfall
between energy consumed and energy generated will be purchased from Western
Power as “green energy” at the appropriate rate. The project will therefore be carbon
neutral and any allowance for a future carbon tax can be ignored.

Table 4 summarises the assumptions adopted.
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Table 4 Energy cost and value assumptions

Item Value

Renewable energy certificates $40/MWhr

Trading energy in the STEM or
through contract

Average $130/MWhr

Average cost of standard
power

$120/MWhr

Average cost of “green”
energy

$170/MWhr

These values are carried forward into the option comparison discussed in the next
section.
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4. Description of system options

4.1 Option 1 – connect to Wellington Dam
Figure 10 below shows the general configuration of Option 1. Appendix C shows a plan
view arrangement.

Figure 10 Option 1 configuration

Option 1 generally comprises connecting the pressure pipe system to the existing
outlets at Wellington Dam which provides significant gravity head in the system. This
overcomes the need for pumping and provides a significant pressure at Point A which
minimises the cost of the distribution pipe system. In addition, this option includes a
new stand alone turbine at Point A which diverts winter flows from Wellington Dam,
generates renewable energy and returns flows to the Collie River at, or around, Point
A. However, a 23km, 2000mm diameter supply main would be required which would
need to be routed along the Collie River valley which is steep sided, heavily vegetated
and is in state forest. The cost and environmental impacts of this supply main are a
major disadvantage of this option. Tunnelling is feasible but the cost would be
prohibitive.

An important impact of this option is the reduced environmental flows and losses
downstream of the Wellington Dam. Between the years 2000 to 2007 an average of
55GL/year was released from the Wellington Dam into the Collie River during the
irrigation season and an average of 48GL/year was released from the Burekup Weir
into the irrigation channel system. Average losses in the Collie River between the two
locations therefore average 7GL/yr which comprise some infiltration and evaporation
but mainly comprises uncontrolled overflows at the weir. However, there are significant
recreational and tourism activities that rely on this flow. It is therefore assumed that if
this Option was adopted, then the environmental releases would equal a large portion
of the potential water savings and little economic benefit would be realised.












































































