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Executive Summary

The Irrigation Infrastructure Hotspots Assessment Project (Hotspots project) is a key
enabling component of the $5.8 billion Sustainable Rural Water Use and Infrastructure
element of the Australian Government’s Water for the Future program. To conduct a
Hotspots Desktop Analysis and Hotspots Assessment Design for Jemalong Irrigation
(‘the Project’), the Department of the Environment, Water, Heritage and the Arts
(DEWHA), commissioned GHD Pty Ltd, and their sole sub consultant, Charles Sturt
University’s International Centre of WATER for Food Security (IC WATER), to assist
with this work.

Using the data extracted from previous seepage reports and available databases, this
report provides estimates of spatial water losses in the off-farm irrigation water supply
systems of Jemalong Irrigation. In addition to developing the system and sub-system
water balances, in line with the Technical Manual for Assessing Hotspots in Channel
and Piped Irrigation Systems, a data gap analysis is also presented in this report. This
data gap analysis provides the basis for a design of an on-ground Hotspots
Assessment to improve the water loss information needed to quantify the most
significant losses in the off-farm irrigation water supply systems. The final scope of this
Hotspots Assessment will be determined in consultation with the Department.

Jemalong Irrigation, the only irrigation scheme on the Lachlan River, is located
between Forbes and Condobolin in central-western New South Wales (NSW). The
irrigation scheme has two divisions and three main supply channels. Division 1 has the
Cadow and Warroo main supply channels, whereas Jemalong Main serves Division 2.
Using the annual data of diversions and deliveries during July 2000-June 2008 for
Jemalong Irrigation, a system level water balance indicates that there were around 30
percent water losses in the off-farm irrigation supply systems. A sub-system level water
balance developed for July 2005-June 2006 suggests that Division 1 has conveyance
losses of around 54%, whereas Division 2 has no significant water losses.

Groundwater level maps indicate that water losses are mostly occurring in the Warroo
main supply channel. Anecdotal evidence also suggests the same, and indicates that
there is up to 3,000 ML/yr of seepage losses in the Warroo main supply channel
(depending on allocations and subsequent water diversions to the scheme). Several
studies in the past have been undertaken to identify these seepage locations and to
guantify the seepage loses along the Warroo main supply channel (Smith and Rose,
1993; van der Lely, 1993; TES, 1995; DLWC, 1995; LWC, 1998). The results indicated
that the channel seepage loses were approximately 1,575 ML per year. Ranking of the
results for different channel seepage sections showed that 50% of total channel
seepage may occur over 17% of the total channel length.

This desktop analysis provides the estimates of channel seepage losses but also
identifies the locations of such losses. However, to further refine the estimates of the
water that can be saved by future investment in irrigation infrastructure, the accuracy of
the Dethridge Wheels installed in the Jemalong Irrigation scheme needs to be
reviewed. The channel dimension data required to estimate the water used in the filling

Hotspots desktop analysis and design: Jemalong Irrigation
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and draining of channels is lacking, and is also required for determining the
contribution of rainfall and evaporation for properly developing the strategic water
balance estimates. In addition, electrical resistivity surveys may assist in further
defining leakage areas, and in prioritising areas for treatment.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation
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1. Introduction

1.1 The project

The “Hotspots Desktop Analysis and Hotspots Assessment Design for Jemalong Irrigation” was carried
out to identify and quantify the location, nature and extent of water losses in the Jemalong off-farm
irrigation water supply systems, identify critical information gaps and design an assessment program to
fill these gaps. Figure 1 presents a location map of the Jemalong irrigation scheme. The intended
outcomes of this desktop analysis are the development of system and sub-system water balances in line
with the Technical Manual for Assessing Hotspots in Channel and Piped Irrigation Systems. For future
Departmental use, the consultants are also required to prepare a GIS-based database, using all the
information gathered and generated while carrying out this project.

Figure 1 Location map of Jemalong Irrigation —-formerly known as Jemalong and Wyldes Plains
Irrigation District

On January 15, 2009, the project team, along with the representatives from DEWHA, visited the office of
Jemalong Irrigation Limited (JIL), which is located 24 km west of Forbes along South Condobolin Road

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation
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near the Jemalong Weir on the Lachlan River. The objectives of the visit were: (i) to meet with JIL staff to
introduce the project and the project team, (ii) to familiarise the project staff with the area, crops and
irrigation infrastructure, and (iii) to obtain the information and datasets required to undertake the Hotspots
analysis and design.

JIL provided several reports that contain information (previous water loss testing, existing data,
secondary sources or anecdotal evidence) on Hotspots (water loss) in the off-farm irrigation water supply
systems. The datasets (softcopies or hardcopies) contain information on: (i) water diversions at channel
offtakes, (ii) water deliveries at farm outlets, and (iii) cropped data (cropped area, sowing data,
harvesting date). At present, the JIL database only contains such datasets for the last couple of years,
but it can be updated from the written records for the last several years.

The Lachlan Catchment Management Authority (LCMA) has recently developed a GIS-based database
to help support the natural resource management in the Lachlan Catchment. The database contains
information relating to geology, soil, water courses, land use, rainfall, evapotranspiration, digital elevation
map, and depth to watertable. The GIS-based rainfall and evapotranspiration datasets are of particular
interest for the Hotspots analysis of the Jemalong Irrigation scheme.

Using the data extracted from the previous seepage reports and available databases, both from JIL and
LCMA, this report provides estimates of spatial water losses in the off-farm irrigation water supply
systems of the Jemalong Irrigation scheme. A data gap analysis is also presented in this report. This
data gap analysis provides the basis for a design of an on-ground Hotspots Assessment to improve the
water loss information needed to quantify the most significant losses in the off-farm irrigation water
supply systems. The final scope of this Hotspots Assessment will be determined in consultation with
DEWHA.

1.2 Jemalong irrigation scheme

The Jemalong Irrigation Scheme is the only irrigation scheme on the Lachlan River and is located
between Forbes and Condobolin in central-western New South Wales (NSW), Australia. This irrigation
scheme has two divisions: (i) Division 1, and (ii) Division 2. There are three main supply channels in
these two management divisions. Division 1 has the Cadow and Warroo main supply channels, whereas
Jemalong Main serves Division 2. The construction of this irrigation scheme started in 1934 and was
completed in 1941, as part of the expansion of irrigated agriculture in the Murray-Darling Basin. Its
boundaries are the Lachlan River to the north, Lake Cowal to the south and narrow hilly ranges to the
east and west. The region, which is widely recognised as the lucerne growing capital of Australia,
supports a diverse range of high yielding agricultural enterprises across both cropping and livestock
sectors. Other than lucerne, this region also supports pasture (summer and winter), oilseeds, summer
grain legumes and cereals (summer and winter).

Jemalong Irrigation Limited (JIL), a privately owned company with 119 shareholders, is responsible for
managing the scheme’s surface water supplies. The scheme is gravity fed and the canals are of earthen
construction (Figure 2). JIL diverts surface water from the Lachlan River through a 296 km network of
supply channels for delivery to 158 landholdings across an area spanning over 96,000 hectares
(including irrigated and dryland farming). Although the Culturable Command Area (CCA) in the Jemalong
Irrigation scheme is around 41,500 ha, the average annual area of irrigated land is around 21,730 ha.
Figure 3 illustrates the scheme’s surface channel network. This figure also indicates the locations of

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 2
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drainage escapes in the Jemalong Irrigation scheme. The total length of these escape channels is
around 10 km.

Figure2  Main Jemalong supply channel (earthen channel) for the Jemalong Irrigation scheme.

The main Jemalong supply is delivered through an unlined earthern channel.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 3
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Figure 3  Supply channels and drainage escapes in the Jemalong Irrigation scheme
23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 4
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1.3 The physical environment

Forbes and Condobolin are close to the eastern and western boundaries respectively of the Jemalong
Irrigation scheme. The meteorological data observed at these two sites shows that the long-term average
annual rainfall decreases from 500 mm in the east to about 400 mm in the west. Average rainfall is
distributed fairly evenly throughout the year, with January and October being the wettest months. The
district’s long-term average annual rainfall is around 432 mm, whereas the long-term average daily
potential evapotranspiration changes from 1.3 mm (winter) to 6.6 mm (summer). The district’'s average
annual potential evapotranspiration is almost three times higher than the average annual rainfall.

The periodic flooding, from the Lachlan River, of large areas in the Jemalong Plain has resulted in the
formation of a floodway system within the Jemalong Irrigation scheme. The floodplain is characterised by
well-defined and extensive prior stream formations. Some of these areas, particularly those within the
Waroo Prior Stream Formation, have been extensively used for irrigation because of suitable soil types
and locations. In the event of flooding, the surface drains naturally from east to west through a floodway
system and discharges into the Lake Cowal and Manna/Bogandillon Creek Complex.

The soils in the irrigated alluvial floodplain include light textured brown soils, red-brown earths (RBE),
transitional red-brown earths (TRBE), and non-self-mulching and self-mulching clays soils (Figure 4).
The RBE and TRBE form a major group in the district and vary from sandy loams to clay loams (DLWC,
1995). A significant aspect is the dominance of sandy loam underlying the Warroo channel system.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 5
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Figure 4  Spatial coverage of different soil types in the Jemalong Irrigation scheme
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The Jemalong Irrigation scheme is located on a fluviatile plain, bounded by the Jemalong Range to the
east, and the Manna Range to the west (DLWC, 1995). The main escape route for the groundwater is
through a limited outlet in this Manna Range (Anderson et al., 1993; Lampayan, 2001). The
hydrogeology underlying the district is comprised of two distinct groups of unconsolidated sediments,
namely the Lachlan Formation and the Cowra Formation (Williamson, 1986). The Lachlan Formation,
which is the older and deeper of the two, consists of clays, silts, sands and gravels in varying admixtures.
The Cowra Formation, which overlays the Lachlan Formation, consists of moderately well sorted sand
and gravel with inter-bedded layers of clays. Groundwater occurs within these unconsolidated sediments,
and the Cowra Formations acts largely as an unconfined watertable aquifer, while confined conditions
are likely to exist in the deeper Lachlan Formation. This groundwater resource has helped fulfil the
district’s irrigation as well as stock and domestic requirements during the recent drought years (Figure 5).
According to the bulk entitlement for groundwater licenses at 29 January 2009, almost 30% of the
entittement is flagged for irrigation (Table 1)

Tablel Bulk entittement for groundwater licences in the Jemalong Irrigation scheme (as of 29
January 2009).

Purpose Bulk entittlement (ML) Purpose Bulk entittement (ML)
Domestic 1 Irrigation stock 728
Domestic horticulture 1 Mining 3650
Domestic irrigation Monitoring bore
stock 6370 0
Domestic stock Recreation
188 (groundwater) 0
Irrigation 6584 Stock 26
Irrigation domestic 1 Stock farming 7
Industrial 2296 Test bore 0
23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 7
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Annual Groundwater Extractions (ML)

0 2000 40006 6000 8000 10000 12000

i H i H i

July 2007-June 2008

July 2006-June 2007
July 2005-June 2006
July 2004-June 2005
July 2003-June 2004
July 2002-June 2003

July 2001 -June 2002

Figure 5  Annual groundwater extractions in the Jemalong Irrigation scheme.

14 Jemalong irrigation scheme operations

JIL holds licensed entitlements of 100,312 megalitres (ML), which includes 200 ML of high security,
1,756 ML for stock and domestic, 80,445 ML of general security, and 17,911 ML of the conveyance loss
account. With the exception of the 2005-06 irrigation season, the general security allocation within the
district has been zero as a result of the prevailing drought conditions. During July 2005-June 2006,
general security allocation was around 18% (i.e., 14,119 ML), and the resulting conveyance loss account
was 13,667 ML.

The main Jemalong canal joins the Lachlan River at the Jemalong Weir. The construction of this weir
commenced in 1936 was completed and finished in 1940. The main Jemalong canal offtake (gated weir)
has an acoustic ultrasonic velocity meter for measuring daily diversions (Figure 6). The mean accuracy
of this meter is -3%, with -3.48 GL/year of volumetric mean error (MDBC, 2006). This indicates that that
the meter underestimates the actual flows.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 8
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Figure 6  Acoustic ultrasound velocity meter installed at the main Jemalong canal offtake
(gated weir).

In 2001-2002, JIL installed, calibrated and started using its own permanent gauging station: Acoustic
Elowmeter For Remote Areas (AFFRA), as shown in Figure 7. Since then, this gauging station is also
being used by State Water as an official measuring point of water taken by JIL. The AFFRA gauging
station uses the latest available acoustic Doppler technology to continuously measure the velocity of the
flow. The velocity readings are converted to flow rate (in ML/day), and these flow rates are recorded and
logged at 15 minute intervals. Theiss Services Pty Ltd in Tatura downloads the data via telephone lines,
and distributes it to State Water and JIL on a routine basis. Depending upon the water supplies, this
AFFRA is calibrated a minimum of twice per year.

Figure 7  Acoustic Flowmeter For Remote Areas (AFFRA) gauging station for measuring
diversions from the Lachlan River to the Jemalong Irrigation scheme.

To estimate the deliveries at the farm gate, Dethridge wheels were installed in the Jemalong Irrigation
scheme. However, several of these wheels have recently been replaced with the locally manufactured
High Volume Outlets (HVQO's) shown in Figure 8. These gates can easily be linked with a Supervisory
Control And Data Acquisition (SCADA) system to improve the irrigation system management and
operation. Figure 9 shows the locations of Dethridge Wheels and HVO's installed in the district. The
Dethridge wheels which were imposing flow limitations have been replaced with HVO's. It is reported that
two high volume outlets are capable of irrigating 100 hectares per day.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 9
Final report



LEX-21080 Page 16 of 437

Currently, there are 159 and 147 Dethridge Wheels in Division 1 and Division 2 respectively; while there
are 27 and 18 HVO's in Division 1 and Division 2 respectively.

Figure 8 Locally manufactured High Volume Outlets (HVOs) installed in the Jemalong
Irrigation scheme.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 10
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Figure 9  Locations of Dethridge Wheels and High Volume Outlets installed in the Jemalong Irrigation scheme
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2. Desktop Analysis

In line with the Technical Manual for Assessing Hotspots in Channel and Piped Irrigation Systems, water
balances at the system and sub-system levels were developed to identify and quantify the location,
nature and extent of water losses (evaporation, leakage, seepage and operational) in the off-farm
irrigation water supply systems.

2.1 Data availability

To develop a strategic water balance for the Jemalong Irrigation scheme, a specific set of datasets are
required. A brief description (availability, quality) of the datasets, provided by JIL to undertake the
Hotspots analysis and design, is provided below:

Data Required Data availability/quality

Entitlements and allocations July 2001 to June 2008

Total length and width of supply channels | Width of supply channels not available

Total length and width of open drains Width of open drains not available

Maps of the overall supply and drainage GIS-based dataset of the overall supply and drainage

system network system network is available. Additionally, this database
includes properties, paddocks, outlets, roads and soil
layers.

Water supplies

River diversions July 2001 to June 2008

Groundwater extractions July 1993 to June 2008

Authorized consumptions

Water deliveries (metered) July 2001 to June 2008 with missing data

Water deliveries (unmetered) No record found

System losses

Channel filling No record found

Evaporation from channels No record found

Channel seepage/leakage Several reports are available, but they are only for one
main channel

Operational No record found

Drainage escapes No drainage escapes has been reported since July 2001
in the environmental reports of the Jemalong Irrigation

Unexplained July 2001 to June 2008

Climate In the surrounding areas of the Jemalong

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 12
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Data Required

Data availability/quality

Irrigationscheme , the following weather stations of the
Bureau of Meteorology exist: (i) Bogan Gate Post Office,
(il) Burcher Post Office, (iii) Caragabal Post Office, (iv)
Condobolin (Borambil Park), (v) Condobolin Agriculture
Research Station, (vi) Condobolin Retirement Village,
(viii) Condobolin Soil Conservation, (ix) Cookeys Plains,
(x) Marsden (Merungle), (xi) Warroo (Geeron) and (xii)
Forbes (Camp Street)

Evaporation

Historical data from SILO database

Rainfall Historical data from SILO database
Drainage

Irrigation and rainfall runoff to drains N/A

Evaporation from drains N/A

Rainfall on drains N/A

Shallow groundwater

Piezometric data— watertable behaviour

GIS-based database since 2000 (four time a year)

Groundwater pumping

No record found

Recharge

No record found

Lateral outflow /inflow

No record found

Capillary rise

No record found

Leakage between aquifers

No record found

Aquifer water quality

No record found

Deep groundwater

Deep leakage

No record found

Lateral outflow

No record found

Deep pumping

July 1993 to June 2008

Crop water demand and use (desirable)

July 2001 to June 2008 with missing data

2.2 System level water balance

A system level water balance of the Jemalong Irrigation scheme was developed to quantify the extent of
water losses in the off-farm irrigation water supply systems. For this purpose, the data of annual
diversions, deliveries and conveyance losses from July 2001 to June 2008 was extracted from JIL's
Annual Environmental Reports (JIL 2002; JIL 2003; JIL 2004; JIL 2005; JIL 2006; JIL 2007; JIL 2008).
Table 2 presents the annual diversions, deliveries and conveyance losses during July 2001-June 2008
for the scheme, whereas Table 3 presents the monthly breakdown of the annual diversions.

23/13045/72084
Final report
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Table 4 presents crop water use against the annual diversions in the Jemalong Irrigation scheme. Even
during the recent drought when around 20% water allocations were made available, the farmers reverted
to their historical preference of primarily growing lucerne.

On average during July 2001-June 2008, there was 9,141 ML (30%) of water losses in the off-farm
irrigation supply systems; which are approximately equivalent to the average conveyance loss account.
During July 2001-June 2002, when 85,191 ML of diversions were made from the Lachlan River, the
conveyance losses were only 21,403 ML (25%). On the other hand, when there are low diversions, the
conveyance losses are a higher proportion of flow (e.g., for total diversions of 3,470 ML during July 2004-
June 2005, the conveyance losses were 65%). However, when the channels were run in full capacity,
like during the low flow year of July 2006-June 2007 when the total diversions were 7,180 ML, the
conveyance losses reduced to 39%.

Generally, JIL regards conveyance losses as any water diverted for which no invoice is raised; but these
losses may take the following forms:

» Channels filling — occurring when water is used to fill and drain channels.

»  Evaporation — occurring from the water surface area in channels.

» Channel seepage — occurring through the beds (bottom and sides) of the irrigation channels.
» Leakage — occurring through cracks and fissures in channel banks and channel structures.

»  Metering inaccuracy — occurring when water is: (i) diverted from the Lachlan River, and (ii) delivered
at the farm gate, using inadequate (e.g., Dethridge wheels) and/or inaccurate metres (e.g., using
meter for flows that are outside its calibration limit).

» Unrecorded usage — occurring when water supplied to JIL’'s members for no charge to: (i) carry out
weedicide application, and (i) use it for stock and domestic purposes, etc.

» Drainage escapes — occurring when water leaves the channel system of the Jemalong Irrigation
scheme. No drainage escapes has been reported since July 2001 in JIL's environmental reports.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 14
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Table 2 Annual diversions, deliveries and conveyance losses for the Jemalong Irrigation
scheme.

Year Diversions (ML) Deliveries (ML) Conveyance losses
(ML) (%)

July 2001-June 2002 85,191 63,788 21,403 25

July 2002-June 2003 31,687 23,498 8,189 26

July 2003-June 2004 3,385 1,259 2,126 63

July 2004-June 2005 3,470 1,212 2,258 65

July 2005-June 2006 27,786 15,055 12,731 46

July 2005-June 2006  22,627" 15,055 7,572 33

July 2006-June 2007 7,180 4,399 2,781 39

July 2007-June 2008 2,183 1,175 1,008 46

! Diversion data from manual water height “dip” measurements.

Table 3 Monthly diversions (ML) for the Jemalong Irrigation scheme.

Year Jul Aug Sep Oct Nov  Dec Jan Feb Mar  Apr May  Jun

(ML)

Jul 01-

Jun 02 7,704 9,950 9,711 14,910 17,467 5,455 7,747 6,986 5,261

Jul 02-

Jun 03 7,260 5,699 6,846 3,587 4,116 4,179

Jul 03-

Jun 04 3,102 283

Jul 04-

Jun 05 3,470

Jul 05-

Jun 06 996 3,938 4,544 2,715 5,251 5,781 4,561

Jul 06-

Jun 07 3,880 1,860 454 224 35 48 679

Jul 07-

Jun 08 100 2,083

For Tables 2 and 3, apart from that indicated in Table 2 for 2005/06, diversion and delivery volumes were
obtained from Annual Environmental Reports, in which reported diversions are an average of 3
measurement methods — AFFRA, State Water meter, and manual water height “dip” measurements. The
2005/06 data is highlighted as this is the year selected for sub-system water balance assessment.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 15
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Table 4 Crop water use (ML) for the Jemalong Irrigation scheme.

Crops July July July July July July July
2001- 2002- 2003- 2004- 2005- 2006- 2007-
June June June June June June June
2002 2003 2004 2005 2006 2007 2008

Lucerne 21,610 10,322 267 8,197 1,405 446

Maize 14,285 101

Pasture 6,834 1,454 213 44

Rice 5,907

Cereals 5,633 7,740 162 2,942 2,027 375

(Wheat/Barley)

Stock & Domestic 4,229 2,578 818 1,212 1,759 423 172

Canola 2,139 870 903 217 138

Other 1,345 218 6 1,108 114

Sorghum/Millet 1,055 316 6

Soybeans 751 45

2.3 Sub-system level water balance

The Jemalong Irrigation scheme has two management divisions, and there are three main supply
channels in these two management divisions. A sub-system level water balance of Division 1 and
Division 2 was developed to identify and quantify water losses in the off-farm irrigation water supply
systems. For each division, the data of monthly diversions and deliveries for all the main and secondary
channels during July 2005-June 2006 was used. During the last couple of years, diversions were very
low due to recent drought. Appendix 1 presents the spatial maps of rainfall and potential
evapotranspiration observed during the July 2005-June 2006 irrigation season in the Jemalong Irrigation.

During the July 2005 - June 2006 irrigation season, with around 18% of general security allocation,
15,055 ML of deliveries were made at the farm gate against the 27,786 ML of diversions. Figure 10
shows the spatial distribution of different crops irrigated during July 2005-June 2006 irrigation season.
Figure 11 shows the location of the paddocks where surface supplies were delivered during different
months of the July 2005-June 2006 irrigation season. In November 2005, maximum conveyance losses
occurred; as deliveries were made to the lowest number of paddocks and those paddocks were located
at the downstream of the both divisions. During April and May 2006, when deliveries were made to the
maximum number of spatially well distributed paddocks, the lowest percentage of conveyance losses
was observed.

While taking into account the diversions and deliveries separately to Division 1 and Division 2, it is
estimated that Division 1 has conveyance loss of around 54%, whereas Division 2 has no significant
water losses (Figure 12). Then, groundwater table maps were developed for both the divisions to identify
the spatial zones where water losses are likely happening in the off-farm irrigation water supply systems.
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Figure 13 and Figure 14 present groundwater table maps for January 2002 (in a year with 21,403 ML of
conveyance losses) and for January 2006 (in a year with 12,731 ML of conveyance losses).

The groundwater level maps show that in 2006, a year of good water availability, a significant area of
shallow groundwater levels occurred within 3 metres of ground surface in the area of the Warroo
channel. No such groundwater “mound” occurred in 2006 — a year of low allocation, lower water losses
and following several years of drought. This indicates that the mound is driven by water losses, and that
the main water losses feeding into shallow groundwater systems are in the Warroo main supply channel
of Division 1. This is further supported by the soils map in Figure 4 where it can be seen that the Warroo
channel has been constructed mainly on sandy loam soils, whereas much of Division 2 is located on less
permeable red clay, red clay loam, red loam and grey clay.
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Figure 10 Spatial distribution of different crops irrigated during July 2005-June 2006 irrigation season in the Jemalong Irrigation
scheme.
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Figure 11 Location of the paddocks where surface supplies were delivered during July 2005-June 2006.
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Figure 12 Sub-system level diversions and deliveries during July 2005-June 2006

Note: Diversion data is from manual “dip” measurements of flow height at upstream ends of both Division
1 and Division 2 main channels.
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Figure 13 Shallow aquifer groundwater level table map for January 2002. The green shades indicate groundwater levels within 3 metres
of ground surface.
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Figure 14 Shallow aquifer groundwater levels map for January 2006. The lack of green shades indicates that there are no areas with
groundwater levels within 3 metres of ground surface.
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2.4 Seepage locations

The Warroo main supply channel runs close to and parallel to a prior stream formation and is known to
have high seepage in several locations. This channel has a maximum capacity of about 270 ML/day, and
has a length of some 30 kilometres. Several studies in the past have been conducted to identify these
seepage locations and as well as to quantify the seepage loses along the Warroo main supply channel
(Smith and Rose, 1993; van der Lely, 1993; TES, 1995; DLWC, 1995; LWC, 1998). Anecdotal evidence
suggests that there are around 3,000 ML of channel seepage losses. Figure 15 presents the locations of
the likely seepage sections in the Jemalong Irrigation scheme.
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Figure 15 Locations of the likely seepage sections along the main supply channels in the Jemalong Irrigation scheme.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 24
Final report



LEX-21080 Page 31 of 437

While preparing the Jemalong Land and Water Management Plan in 1998, a soils investigation of eight
sites in the Jemalong Irrigation (Figure 16) was undertaken to provide an indication of potentially 'leaky’
soils along the main supply channels in the Jemalong Irrigation scheme (LWC, 1998). The sites were
located on the upslope side of the main supply channels (within 5 metres of the main supply channels).
Soil samples were analysed for various soil physical characteristics including saturated hydraulic
conductivity. Of the eight sites examined, six were found to have moderate to highly permeable soils
(sites 1,2,3,4,7 and 8) with saturated hydraulic conductivity values ranges from 0.30 to 4.0 m/day) from
which considerable water losses through channel seepage can be expected. The remaining two sites
had less permeable soils (sites 5 and 6, with saturated hydraulic conductivity values ranges from 0.04 to
0.06 m/day).

During the 1992-93 irrigation season, Smith and Rose (1993) investigated the effects of seepage from
the Warroo main supply channel, rainfall and irrigation practices on the groundwater levels. A total of 114
sites, established at 5 locations, were monitored using the neutron moisture metres to measure the
changes in volumetric soil water (%) and soil water content (mm). The extent of seepage, which was
mainly influenced by soil types, varied from 16 metres to 421 metres along the length of the channel.
Actively growing crops, on the areas affected by seepage, reduce the extent of seepage. Operational
channel height did not appear to influence the extent of seepage. Also, the extent of seepage did not
appear to be any greater where the channel had been de-silted. The degree of seepage was influenced
by the soil water content prior to channel fill, and the location of the least permeable zone below the
channel bed.

TES (1995) conducted a channel seepage study of the Warroo main supply channel for four adjoining
reaches, totalling 6684 metres in length, extending downstream from the Warroo Channel Offtake
Regulator ( Figure 17 ). The study was carried out over the period 1552 hours on July 19 to 0935 hours
on July 23. Observations of channel water height were taken at two hourly intervals during the day at
each end of the reach and at a point midway between two reaches. All structures were monitored to
ensure they remained sealed throughout the test period. To estimate the surface water area, width of the
water surface was taken after almost every 100 m.

The seepage loss estimated by TES was around 2.58 ML per day for the first 6684 m length of the
Warroo main supply channel. These results are comparable with the findings of van der Lely (1993),
which estimated seepage loss of around 2.16 ML per day for the same section of the of the Warroo main
supply channel.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 25
Final report



LEX-21080 Page 32 of 437

" Division 2 \(
.-

Figure 16 Location of sites investigated to identify potentially ’leaky’ soils, along the main supply channels, in the Jemalong Irrigation
scheme (LWC, 1998).
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Figure 17 Location of the channel section, starting from the Warroo Channel Offtake Regulator, investigated under the TES (1995)
channel seepage study.
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Van der Lely (1993) and Smith and Rose (1993) estimated that the seepage loses, from the Warroo main
supply channel, were in the range of 1,575 ML per year. These estimates were made during 1992-93
irrigation season, while using the data obtained from: (i) Idaho seepage metre tests, (i) EM31 survey, (iii)
groundwater observation wells, and (iv) the neutron moisture meters. The ldaho seepage metre tests
were carried out after every 200 metres or more frequently along the Warroo main supply channel.

Ranking of results, for different channel seepage sections, showed that 50% of total channel seepage
may occur over 17% of the total channel length (Figure 18 ). The next 17% of the total channel length
showed 25% of total channel seepage, and the remaining 66% of the total channel length showed the
remaining 25% of total channel seepage. The most important factor in seepage rate was considered to
be the presence or absence of silt on the beds (bottom and sides) of irrigation channels. Figure 19 shows
the locations of seepage zones where 50 percent of the total channel seepage occurs in the Warroo
main supply channel (van der Lely, 1993; Smith and Rose, 1993).

Distance along Warroo channel (km)

Figure 18 Annual estimates of cumulative channel seepage using Idaho seepage metre test
results carried out after every 200 metres or more frequently along the Warroo main
supply channel.
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Figure 19 Locations of channel sections where 50 percent of the total channel seepage occurs in the Warroo main supply channel
(van der Lely, 1993; Smith and Rose, 1993).
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2.5 Data Gaps

To conduct a Hotspots Desktop Analysis and Hotspots Assessment Design for the Jemalong Irrigation
scheme in line with the Technical Manual for Assessing Hotspots in Channel and Piped Irrigation
Systems, the following data gaps have been identified:

Data Required Issue addressed:

Channel dimensions - Volume of water used in the filling and draining of channels

- Volume of rainfall on, and evaporation from, channel surfaces

Alternative identification of - Verification of priority leakage sites
leakage sites

Metering accuracy - Diversions at the offtakes of all the main and secondary channels
- Deliveries using Dethridge Wheel and HVOs

Dethridge wheels deliver around 5% (high flows) to 18% (low flows) more water than is recorded by the
meter (Hydro Environmental, 2008); and the accuracy of the HVOs is still unknown. FlowTracker (refer to
Appendix A and Figure 4 in the Technical Manual for Assessing Hotspots in Channel and Piped Irrigation
Systems) can be used to check the accuracy of different types of meters installed in the Jemalong
irrigation scheme.
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3. Hotspots Assessment Design

3.1 Background

A requirement of this project, where it has been determined that the quality or quantity of existing
information can be improved by fieldwork, is to develop a Design for an on-ground Hotspots Assessment.
The Hotspots Assessment will improve the water loss information needed to quantify the worst losses in
the off-farm irrigation water supply systems. The Design must:

» Focus on the worst likely losses in the system that can be addressed through infrastructure
modernisation;

» Quantify these losses as accurately as possible within the available time;
» Be for field work that can be completed within 6 weeks, including analysis of results;
»  Be structured sequentially so the order and timing of field works is explicit;

»  Specifically identify the locations, methodologies, techniques and processes to be employed, using
the tests and techniques identified in the Technical Manual for Assessing Hotspots in Channel and
Piped Irrigation Systems (CSIRO 2008);

» Demonstrate the need for the tests/technologies and that they will improve confidence in information
on the nature, location and amount of critical water losses in the off-farm irrigation supply systems;

» ldentify the main quality control points where technical and policy decisions may be required; and

» ldentify the prerequisites and constraints that may impact on the ability of the Hotspots Assessment
to successfully locate and quantify the worst water

3.2 Discussion

In section 2.2 the total system water balance analysis found that total system water losses are generally
about 30% of flows. Sub-system water balances in section 2.3 found that Division 1 has conveyance
loss of around 54% of flows, whereas Division 2 has no significant water losses. Maps of shallow
groundwater levels also indicate that the main water losses are likely to be occurring in the Warroo main
supply channel of Division 1. In Section 2.4, locations were identified where most seepage occurs within
the Warroo main supply channel. The total losses identified in the system water balance assessment
range from about 1000 to 20,000 ML/yr, depending on the diversion volumes. Van der Lely (1993) and
Smith and Rose (1993) estimated that the seepage loses, from the Warroo main supply channel, were in
the range of 1,575 ML per year. It is possible that a significant component of this volume could be
recovered through appropriate channel works.

Data gaps were identified in section 2.5, and comprise:
» Channel dimensions — required to accurately determine channel volumes, and net evaporative loss
» Alternative identification of leakage sites — required to verify priority leakage sites for treatment

»  Metering accuracy — required to further improve on water balance accuracy
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Investment in the channel dimensions measurement and metering accuracy investigation will not directly
result in decreased water losses, but will provide an improved basis for evaluating scheme performance
and assessing water losses in the future.

For alternative identification of leakage sites, an additional area that may be considered for field
investigation is that of geo-electrical resistivity surveys of Division 1 channels, and especially the Warroo
channel systems, to further evaluate potential leakage sites, and to support prioritisation of sites for
treatment to reduce leakage.

3.3 Recommended Design for further Hostpots Assessment
The following recommended actions are considered to be of most value to providing:
»  Improved quantification of overall leakage, and
» Improved identification of priority leakage areas and sites within the Warroo channel.
These actions can occur simultaneously, and can be completed within a 6 week period.

Consideration was also given to carrying out pondage tests following the geo-electrical resistivity survey,
with sites governed by the geo-electrical resistivity survey results and those of the Idaho seepage meter
tests. However, the potential water losses have been reasonably well quantified through the system and
sub-system water balance assessments, and given further support with the Warroo channel internal flow
assessment and seepage meter analysis. The locations where water losses are most likely to occur have
also been reasonably well established through the sub-system water balance, soil and groundwater
analysis, TES internal flow assessment and the seepage meter tests. These locations can be rapidly
verified and further defined through geo-electrical resistivity survey.

3.3.1 Channel dimensions and net evaporation analysis

Investment in data on channel dimensions is required to determine water surface area to enable an
accurate estimation of net evaporation, and to also determine the total amount of water in storage in the
channel system.

Net evaporation, once determined, will assist in refining the water loss predictions and better quantify the
potential seepage and leakage losses. This will lead to a better understanding of what seepage/leakage
mitigation measures can be adopted through actions such as channel lining. The water storage volume
will be of value in any further water balance assessments, including those of individual channel sections.

It is recommended that channel dimensions be estimated at:

» the commencement and endpoint of each section of channel, including each branching section of
channel, and

» any known anomalies in channel configuration.

This would result in approximately 40 locations for measurement.
The dimensions to be obtained should include:

1. Channel width at a commonly achieved, upper level flow height
2. Channel bed width

3. The height difference between 1 and 2
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These measurements could be obtained with the use of a measuring tape and staff gauge, and could be
obtained over a period of 2 to 3 days.

This simple approach will allow an approximation of the channel geometry which can be used to assess
channel surface areas. With channel surface area adequately determined, average annual net
evaporation can be determined with the aid of the spatial maps of rainfall and potential
evapotranspiration provided in Appendix A.

3.3.2 Alternative identification of leakage sites

Current knowledge of potential leakage locations is based largely on:

»  Soil, groundwater level and sub-system water balance analysis, which have identified the Warroo
channel of Division 1 as the priority area in which leakage occurs, and

» ldaho seepage meter tests at 200 metre intervals which have identified priority leakage sections of
the Warroo channel; 6 zones of 1 to 2.5 km length have been identified.

It should be noted that the Idaho seepage meter tests do not provide continuous coverage of the channel
bed, and that the success of any future channel works could gain significantly from verification using an
alternative and continuous method of identifying potential leakage.

To verify the Idaho seepage tests and provide the continuous coverage of the channel bed, it is
recommended that an in-channel floating geo-electrical resistivity survey be carried out of the entire
length of the Warroo channel. The objective of the resistivity survey is to assess whether the leaks may
be low seepage rate seeps through long lengths of channel, or are large leaks through small sections of
channel. The resistivity may show either:

» Arelatively uniform resistivity structure along the channel length indicating slow seeps through long
sections of the channel: or

»  Discrete zones of anomalous resistivity possibly indicative of high seepage rates.
For the geo-electrical survey, the following need to be considered:
» The survey will need to be scheduled for when there is water in the channel;

» It may take 2 to 3 days to acquire the data, given the 30 km channel length, 5 km/hr boat speed
during acquisition, and possible obstacles/structures that will have to be negotiated; and

»  There will be an additional 2-3 weeks required to process and interpret the data and compare against
the known soil types, hydrogeological conditions and Idaho seepage tests.

3.3.3 Expected outcomes from further Hotspots assessment

In progressing with the recommendations of the Hotspots Assessment design, the Department will gain
an improved understanding of the quantity and location of water losses in the Jemalong Irrigation
scheme.

Using the results of these further additional investigations, it is expected that recommendations could be
made on the most appropriate intervention to address water losses.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 33
Final report



LEX-21080 Page 40 of 437

4, References

Anderson, J., Gates, G., Mount, T.J., 1993. Hydrogeology of the Jemalong and Wyldes Plains Irrigation
District. Department of Water Resources, Hydrogeological Unit, Report No. TS93.045: 87p.

DLWC, 1995. Jemalong and Wyldes Plains Irrigation District —Selection of channel seepage
management options. Department of Land and Water Conservation, Lachlan Region, Forbes.

Hydro Environmental, 2008. In situ REVS testing of large Dethridge meter outlets in the GMID. Goulburn-
Murray Water. Final Report. August 2008.

JIL, 2002. Annual Environmental Report 2001-2002. Jemalong Irrigation Limited. 34p.
JIL, 2003. Annual Environmental Report 2002-2003. Jemalong Irrigation Limited. 22p.
JIL, 2004. Annual Environmental Report 2003-2004. Jemalong Irrigation Limited. 22p.
JIL, 2005. Annual Environmental Report 2004-2005. Jemalong Irrigation Limited. 21p.
JIL, 2006. Annual Environmental Report 2005-2006. Jemalong Irrigation Limited. 21p.
JIL, 2007. Annual Environmental Report 2006-2007. Jemalong Irrigation Limited. 21p.
JIL, 2008. Annual Environmental Report 2007-2008. Jemalong Irrigation Limited. 21p.

TES, 1995. Warroo seepage investigation report -Summary sheets and field data sheets. Thiess
Environmental Services, Tatura.

Lampayan, R.M., 2001. Groundwater hydrology and modeling of Jemalong and lake Cowal aquifer
systems, Lachlan Catchment, New South Wales. PhD Thesis, Australian National University, Canberra,
Australia.

LWC, 1998. Jemalong Wyldes Plains —Channel seepage investigations. Department of the Land & Water
Conservation, NSW.

McGrath, S., 1997. A report on the use of GIS used n the production and implementation of the
Jemalong Land and Water Management Plan, NSW Agriculture, Forbes.

MDBC, 2006. Improvement in accuracy of measurements of diversions and returns under the cap.
MDBC Publication No. 43/06.

Smith, I., and Rose, K. 1993. Jemalong and Wyldes Plains Irrigation District Land and Water
Management Plan — An investigation into the effects of channel seepage, rainfall and irrigation practices
along the Warroo main channel. NSW Agriculture, Forbes.

van der Lely, A., 1993. Channel seepage from the Warroo main canal, Jemalong Irrigation District.
Technical Report No. 93/04, Department of Water Resources, NSW.

Williamson, W.H., 1986. Investigations of the groundwater resources of the Lachlan Valley alluvium, Part
1: Cowra to Jemalong Weir. Department of Water Resources, Hydrogeological Unit, Report No. 1986/12:
84p.

23/13045/72084 Hotspots desktop analysis and design: Jemalong Irrigation 34
Final report



LEX-21080 Page 41 of 437

Appendix A
Spatial maps of rainfall and potential evapotranspiration
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The following Bureau of Meteorology weather stations exist in the areas surrounding the Jemalong
Irrigation scheme,: (i) Bogan Gate Post Office, (ii) Burcher Post Office, (iii) Caragabal Post Office, (iv)
Condobolin (Borambil Park), (v) Condobolin Agriculture Research Station, (vi) Condobolin Retirement
Village, (viii) Condobolin Soil Conservation, (ix) Cookeys Plains, (x) Marsden (Merungle), (xi) Warroo
(Geeron) and (xii) Forbes (Camp Street). The following maps of rainfall and potential evapotranspiration
for the July 2005-June 2006 irrigation season have been prepared using monthly data for these weather
stations downloaded from the SILO website.
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1. Introduction

This report provides the results of ‘on-ground’ assessments and data analyses undertaken to
satisfy the Department of Environment, Water, Heritage and the Arts (the Department) Service
Request 0809-1407.

Service Request 0809-1407 aimed to rectify certain previously documented data ‘gaps’ in
information that might allow the identification and prioritisation of the sites of elevated water
loss (i.e. ‘Hotspots’) in the irrigation water delivery system administered by Jemalong Irrigation
Limited. The specific data deficiencies that were to be addressed were those identified in an
earlier report entitled Hotspots desktop analysis and design: Jemalong Irrigation (GHD, 2009).

The services requested can be summarised as follows:
1. ‘On-ground’ assessments involving:

a. Fieldwork to determine the as-built geometry and the in-service surface areas of
certain irrigation water delivery channels in the Jemalong Irrigation system,
with this information to be used in estimating evaporative losses from the
subject channels;

b. A geophysical survey, in the form of an electromagnetic induction (EM)
survey, undertaken on those delivery channels; and

2. Analysis of the available data to locate and quantify, as accurately as possible, the worst
water losses in the Jemalong Irrigation Systems irrigation delivery system that can be
efficiently addressed through infrastructure improvement.

The specific irrigation water delivery channels in the Jemalong distribution system, on which
assessments were to take place, were as follows:
e  Warroo Main;

Jemalong Main (above Jemalong No 2Up)
Jemalong No 2Up Channel (above the Jemalong No 2B branch), and
Jemalong No 2A.

e  Warroo No 9;

e (Cadow Upstream;

e (Cadow Downstream;
e (Cadow No 2A;

e (Cadow No 3;

[ ]

[}

[ ]

Particular importance was given in the Service Request to the Warroo Main and Warroo No 9
channels, which were identified as the likely sites of the largest system seepage losses in the
earlier Hotspots desktop analysis and design: Jemalong Irrigation report.

The Service Request also specified that the EM survey was to be undertaken using ‘a quad bike
[4-wheel motorbike] or similar mobile method’.

Information gathered or generated while undertaking the Service Request was to be provided to
the Department to allow for future Departmental use. The datasets supplied were to comply as
closely as possible with Departmental standards set out in attachments to the Service Request.

This report is therefore intended to describe the methodologies adopted to undertake the
assessments required in the Service Request, provide an analysis and interpretation of the data,
and discuss the results and provide recommendations based on conclusions drawn from the
assessment. The report also provides some additional background information either not
previously considered or considered of increased relevance following the completion of the
fieldwork.
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2. Background information

2.1 The Jemalong irrigation system

Figure 1 shows the entire water delivery system administered by Jemalong Irrigation Limited.
The nine channels identified in the earlier Hotspots desktop analysis and design: Jemalong
Irrigation report as being likely sites for major seepage losses, and hence the subject of this
report (refer Section 1, above), are identified by their designated names. The assessment of the

other unnamed channels shown in Figure 1 is not within the scope of this study.
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Figure 1: Delivery system administered by Jemalong Irrigation Limited with the subject channels named

Operational details on the distribution system were provided in the Hotspots desktop analysis

and design: Jemalong Irrigation report, and will not be repeated here.

2.2 Additional published information

2.2.1 Geology

The Jemalong-Wyldes Plain area is within the area covered by the 1:250 000 Forbes geological
mapsheet (AGSO, 2000). The relevant part of that mapsheet is reproduced in Figure 2. Overlain
on the scanned map are the approximate locations of the distribution channels in the Jemalong
system. Also shown are the mapsheet codes applicable to the major geological units in the area.
A brief summary of these units, taken from AGSO (2000), is provided in Table 1.
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Figure 2: Scanned copy of part of the 1:250 000 Forbes geological mapsheet (AGSO, 2000) annotated to
show the approximate location of the Jemalong distribution channels and the codes for the major
geological units in the area

Table 1: Legend and descriptions of major geological units identified in Figure 2

Code Age Description
Qa Quaternary  Alluvium, active depositional plains and terraces containing present day
drainage

Qat  Quaternary Low thorium alluvium, predominantly in the modern day flood plain of
the Lachlan River

Qaw  Quaternary Swamp, sump basin

Qr Quaternary Colluvial sheet wash and scree slopes; minor aeolian climbing dunes

Cza  Tertiary Inactive alluvial plains

Czd Tertiary Red sand and clay, probably deposited in source bordering dunes
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The following are evident from Figure 2:

e The Cadow channels, and the Warroo channels that are the subject of this assessment all
overlie extensive tracts of recent Quaternary alluvium, associated with the present-day
Lachlan River and its distributary stream channels (units Qa & Qat in Figure 2); and

e For most of their lengths, the Jemalong Main (above No 2Up), Jemalong No 2Up and
Jemalong No 2A all run along the western footslopes of the Jemalong Range, close to or
at the interface between colluvial sheetwash (Qr in Figure 2), which is derived from the
Devonian sedimentary material exposed in the range, and the Quaternary alluvium (Qa
& Qat and in Figure 2) and Tertiary alluvium and relict dunes (Cza & Czd in Figure 2),
which form the present-day Jemalong-Wyldes Plain.

2.2.2 Soils

The soil landscapes1 of the 1:250 000 Forbes mapsheet are described by King (1998) and
mapped by King (1999). Figure 3 shows part of the 1:250 000 map (not at the original scale),
with the approximate location of the Jemalong irrigation distribution channels overlain on it.

530000 535000 540000 545000 550000 555000 560000 565000 570000 575000 580000

Figure 3: Scanned copy of part of the 1:250 000 Forbes soil landscape map (King, 1999) annotated to
show the approximate location of the Jemalong distribution channels

' Soil landscapes are mappable areas where similar causal factors have been involved in the formation of
the soils and the landscapes. A number of soil types may occur within each soil landscape.
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Reference to the geology mapping in Figure 2 (page 3) and the soil landscapes mapping in
Figure 3 demonstrates the significant, and not unexpected, influence of geology on the mapped
landscape units — a correlation not shared by some other soils mapping of the area.

Table 2 then provides summary details, taken from King 1998, of the three major soil landscape

units represented on the Jemalong-Wyldes Plain — the Corinella, Scrubby Plain and Warroo
Channel landscape units.

Table 2: Summary details from King (1998) of major soil landscapes identified in Figure 3

Soil landscape Description

Corinella (co) Summary: Level alluvial plains of the Jemalong-Wyldes Plain district
on Quaternary alluvium. Heavier textured (clay loams to sandy clay
loams) than the Warroo Channel landscape soils; supporting
Eucalyptus microcarpa, Eucalyptus populnea, occasional Eucalyptus
melliodora and Eucalyptus camaldulensis.

Dominant soils are deep (>100 cm), imperfectly drained red brown
earths (Dr2.41, Dr2.23, Dr3.13 & Dr2.13; eutrophic & hypocalcic,
subnatric red & brown sodosols, sodic & haplic, eutrophic & calcic red
& brown chromosols). Other minor soils include deep (>100 cm),
poorly drained grey clays (Ug5.28 & Uf6.33; epipedal grey vertosols)
and soloths (Db3.22 & DyS5.22; eutrophic subnatric yellow & brown
sodosols) along narrow drainage lines.

Limitations: Alkaline soils with sodic/dispersible subsoils; hard-
setting surfaces (localised); high shrink-swell potential (localised) and
low fertility.

Surface soil Ky, = 2.5 mm/hr
Subsoil K, =1.7-12.5 mm/hr

Warroo Channel (wc)  Summary: Prior streams and meander scroll fields on level alluvial
plains of the Jemalong-Wyldes Plain. Sandy textured surface soils,
supporting FEucalyptus microcarpa, Eucalyptus populnea, Callitris
glaucophylla, Allocasuarina luehmanii and Casuarina cristata.

Soils are deep (>150 cm), imperfectly drained red brown earths
(Dr2.33 & Dr2.23; haplic & sodic calcic red chromosols; calcic
subnatric red sodosols) and deep (>150 cm), moderately well drained
brown earths (Gn2.43; haplic eutrophic brown kandosols) and brown
podzolic soils (Dy4.21; haplic eutrophic grey chromosols) occur on
meander scrolls of the Ulgutherie Creek System.

Limitations: Potential/’known recharge area; sodic/dispersible, highly
erodible, alkaline soils of low fertility with localised salinity and high
permeability.

Surface soil Ky, = 12.5 mm/hr
Subsoil K, = 1-2.5 mm/hr

Scrubby Plain (sb) Summary: Stagnant alluvium forming level plains of the Jemalong-
Wyldes Plain district. Grey, brown and red clays supporting
Eucalyptus camaldulensis along drainage depressions, Eucalyptus
microcarpa, Eucalyptus populnea, Alectryon oleifolius, Acacia
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Soil landscape Description
pendula and occasional Acacia homalophylla, with understorey of
Muehlenbeckia florulenta and Sclerolaena muricata.

Deep (>150 cm), poorly drained grey clays (Ug5.24; haplic & sodic
epipedal grey vertosols) and brown clays (Ug.5.34; haplic & sodic
brown vertosols) are the dominant soils. Deep (>150 cm), poorly
drained red clays (haplic & sodic red vertosols) occur on slightly more
elevated plains.

Limitations: Highly plastic, dispersible soil with low permeability,
high shrink-swell potential and localised subsoil salinity.

Surface soil Ky, = 2.5 mm/hr
Subsoil K, =1.7-12.5 mm/hr

Some significant observations from the information provided in Table 2 include:
e The low to moderate (>10 mm/hr) saturated hydraulic conductivity (Ksy) values given
for a number of the soils or soil horizons in the three landscape units; and
e The Warroo Channel unit being listed as a potential or known groundwater recharge
unit.

Figure 4 represents plots of profile trends in pH, cation exchange capacity (CEC), exchangeable
soil percentage (ESP), soil salinity or electrical conductivity (ECy.5) and percentage clay values
for examples of the Corinella (1), Scrubby Plain (2) and Warroo Channel (1) soils provided in
Appendix 7 of King (1998).

0.0
0.2 — — — | ] | Corinella
: Scrubby Plain 1
Scrubby Plain 2
] N ] B Warroo Channel
E 0.4 — - - — —
K=
a
53 i _ i _
©
@
B
a 0.6 — — — — —
0.8 — — | — _ |
1.0 I ARRRRARRRRRRY R LR Ll B e R Ra AR R RN
3 5 7 9 11 0 25 50 75 0 10 20 30 40 0.01 0.1 1 10 0 25 50 75
pH, s CEC (cmol+/kg) ESP (%) ECu:s (dS/m) Clay (%)

Figure 4: Soil profile trends in values for key analytes in Corinella, Scrubby Plain and Warroo Channel
soils
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Both the absolute values and the profile trends evident in Figure 4 would suggest that Corinella
and Scrubby Plain soils are uniformly and moderately leached (i.e. the EC;;5 values are in the
low range throughout the sampled profile). This would suggest that despite the relatively high
clay content of these soils, and the generally sodic nature of their subsoils, they are subject to
not insignificant levels of deep drainage (i.e. they are somewhat, but not overly ‘leaky’ soils).
This is consistent with the typical K, values given for these landscape units in Table 2 (above).

Interpretation of the trends in analyte values in the Warroo Channel soil in Figure 4 lack a
similarly simple explanation — in particular the generally elevated salinity (ECy.5) levels in this
soil, and more particularly the very high levels in the surface soil. Given the sandier texture of
these soils (i.e. the low % clay), it might have been expected that EC, 5 levels in these soils
would be lower than in the Corinella and Scrubby Plain soils. This apparent aberration might
suggest some man-made influence at the sampling site (e.g. irrigation induced changes in soil
salinity). Nonetheless, the lack of any salt ‘bulge’ in the sampled profile of the Warroo Channel
soil, and the pattern of decreasing values with profile depth, do indicate a relatively free
draining soil, lacking any significant impediments to deep drainage.

Modelling deep drainage in the Warroo Channel soil, using the SALF PREDICT model (Carlin
et al., 1999), suggests that under irrigation, and in its native state, this soil should provide deep
drainage 2 to 3 times greater than that in the Corinella or Scrubby Plain soils, as well as in the
long term, moderately lower EC values. These model predictions are consistent with the Warroo
Channel soil data provided in King (1998) being from a site that has suffered some form of
perturbation.

2.3 Other data
2.3.1 Groundwater

Over the last 30 years or more, a network of over 200 piezometers has been progressively
installed in the Jemalong-Wyldes Plain area. Standing water level (SWL) and electrical
conductivity — used as a surrogate measure of groundwater salinity — are monitored in these
piezometers on a relatively frequent basis (i.e. about every 3 to 6 months in recent years).

Figure 5 provides an interpolated plot of the watertable elevations in the monitored piezometers
at the most recent monitoring, which was undertaken in July 2009. The elevation of the
piezometric surface was obtained from the reported SWL values and the known elevations of
the natural surface at each piezometer location®. The interpolated surface plot was derived using
the default kriging and splining algorithms in the SURFER® surface modelling and mapping
software®. Flow net vectors, generated by SURFER®, and showing the predicted direction and
magnitude of groundwater flows, have been overlain on the isopleth plots.

2 No elevation datum is provided, but values appear consistent with the AHD values or a very similar
datum
3 SURFER ver. 8.09, Golden Software Inc, Golden, Colorado.
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Figure 5: Interpolated plot of the elevation of the piezometric surface based on SWL in piezometers

monitored in July 2009

The piezometric surface on the Jemalong-Wyldes Plain dips to the west and south west,
generally mimicking the gradient of the plain itself. Nonetheless, some groundwater mounding
appeared to be present in the area at this time. The data plotted in Figure 5 suggests that in July

2009, mounding was occurring at the following locations:

E.A. Systems Pty Limited © 2009

Near the upper reaches of the Jemalong No 1 channel and the terminus of the short and
apparently unnamed branch off the Jemalong Main channel, upstream of the Jemalong
No 1 channel;

Along the upper reaches of the Warroo Main channel, immediately downstream of its
junction with the Cadow channel;

At a point on the Warroo Main channel, downstream of its junction with the Waroo No
1A channel, and a about a third of the way between that junction and the junction with
the Warroo No 8 channel; and

Between the lower reaches of the Cadow No 2A channel and a section of the Warroo
No 2 channel, directly to the south.
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At the time that the latest monitoring round was undertaken, the Lachlan River did not appear to
be having substantial influence on groundwater levels in the Jemalong area, with the gradients
plotted in Figure 5 being towards rather than away from the river. This would be consistent with
reduced flows in the river associated with the very dry conditions prevalent in much of the
catchment. It should be noted though that lower density of piezometers in the eastern parts of
the area, and particularly near the river itself, mean that the apparent mounding in the upper
reaches of the Warroo Main and, to a lesser extent on the Cadow No 2A channels, may still be
associated with movement of groundwater coming from the river, along preferential flowpaths,
such a palaeochannels, and strings of coarser grained depositional material within the alluvium.

Mounding observed historically along the terminal sections of the Warroo Main channel
(Lampayan & Ghassemi, 1999 and GHD, 2009), was not particularly pronounced in July 2009.
The reduced mounding in this area may be due to a range of factors including, but not limited to
the following:

e Reduced usage of the distribution channels;

e The prevailing dry weather conditions;

e Less on-farm irrigation activity;

¢ Improvements in on-farm water use efficiency.

Identifying the significance of the above factors is beyond the scope of this report.

An interpolated plot of groundwater electrical conductivity (EC) contours, based on values
again obtained in those piezometers sampled for this parameter in July 2009, is presented in
Figure 6. The interpolation was also undertaken using the kriging and splining algorithms in
SURFER®. Again, groundwater flow vectors generated by SURFER®, and showing the
predicted direction and magnitude of groundwater movements based on the isohaline contours,
have been overlain on the EC isopleth plots.
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Figure 6: Interpolated plot of groundwater EC values in piezometers monitored for this parameter in July
2009

The plotted isohaline contours in Figure 6 do not appear to be precisely correlated with those for
the piezometric surface plotted in Figure 5 (above). Nonetheless, the contours and the associated
vectors shown in Figure 6 do appear to suggest accessions of fresher (less saline) water have or
are still occurring in the following locations:
e Along the upper reaches of the Jemalong No 2Up channel and lower reaches of the
Jemalong Main channel (above the Jemalong No 2Up channel);
e In a broad area from just below the Jemalong Weir, along the river and the Cadow
Upstream and Downstream channels, to near the locality of Warroo, and
e In the general area towards the lower end of the Waroo Main channel.

Owing to the lower density of piezometers in which EC values are monitored (compared with
those SWLs are monitored in), and the lower density of piezometers in eastern parts of the
irrigation area, it is unclear whether the lower EC values between the Jemalong Weir and Waroo
are due to accessions directly from the river; from the nearby irrigation water distribution
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channels; or from other sources. It is also possible groundwater salinity levels do not respond as
quickly as SWLs to recent changes in inflows, and the extant EC values might therefore be in
part an artefact of past influences (i.e. the responses may exhibit a significant lag phase).

2.3.2 Idaho seepage trial data — Warroo Main channel

In an investigation made in 1993 by the then NSW Department of Water Resources, van der
Lelij (1993) undertook a series of seepage tests along the Warroo Main channel, using an Idaho
seepage meter. The seepages rates observed ranged from the equivalent of 0.25 mm/hr to 64
mm/hr. Figure 7 shows a histogram of the observed seepage rate values, with 10 mm/hr bin
intervals applied to the data.
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Figure 7: Histogram showing the frequency of various seepage rate ranges in the ldaho seepage meter
data for the Warroo Main channel (van der Lelij, 1993)

Figure 7 indicates that the vast majority (>75%) of results were for rates less than 10 mm/hr.
However there was small number of sites where the rates observed exceeded 50 mm/hr.
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3. Methodology
3.1 Constraints and limitations
3.1.1  QOperational channels

The Service Request indicated that the Jemalong irrigation system was not currently
operational, and that there were unlikely to be any operation-limited restrictions on the
requested fieldwork. However when the assessment was undertaken in October 2009, water was
being delivered to the Cowal Gold Mine, by way of the Jemalong Main, Jemalong No 2Up and
Jemalong No 2A channels (as well as other channels not the subject of this investigation). This
necessitated some changes to the as-proposed methodology. These changes are described in
detail below (see Sections 3.2 to 3.4).

3.1.2  Artificial neural network model

The offer made in response to the Service Request was predicated on using the artificial neural
network (ANN) model (Kahn et al., 2007), developed at the International Centre of Water for
Food Security at Charles Sturt University, to identify seepage ‘Hotspots’ and determine system
losses. This model requires some in-field measurements of seepage loss to calibrate and train
the model.

Seepage loss measurements are not possible in dry, non-operational channels. Hence the offer of
services included the provision of a small number of ring infiltrometer trials. The data from
these trials were to be used for calibration of the ANN model.

Having found that the Jemalong Main and Jemalong No 2Up channels were operational, it was
decided to use the Idaho seepage meter to obtain data for calibration of the ANN model.
Further, owing to the presence of water in these channels an electrical resistivity survey was
conducted in lieu of the electromagnetic induction survey undertaken on the dry channels.

3.1.3  Dry soil conditions

As previously noted in Section 3.1.1, most of the subject channels were not in-service at the
time of this assessment, with some sections having not carried water for some considerable time
(i.e. a number of years). This, together with the prevailing drought conditions and the timing of
the assessments in late spring, meant that soil moisture level were particularly low. Such
conditions are not conducive to obtaining reliable or precise estimates of hydraulic conductivity
with any form of infiltrometer. This is particularly the case in shrink-swell clay soils subject to
severe cracking when in a dry condition.
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3.2 Channel cross-sectional survey

To estimate the potential evaporative surface area of the in-service channels, cross-sectional
surveys were undertaken at 35 sites in the subject distribution channels. These surveys were
undertaken at locations identified by Jemalong Irrigation Limited staff as being where major
changes occurred in channel dimensions or profiles.

The locations of the survey sites were logged with a handheld Garmin eTrex® H GPS (reported
precision £3 m). These locations are identified in Figure 8.
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Figure 8: Locations of the 35 cross-sectional survey sites in this assessment

The cross-sectional surveys were undertaken using a dumpy level, telescopic staff and cloth
tape. Measurements were taken to allow the following to be ascertained:

e  QOverall channel width (crest to crest);

e Basal width;

e Side batters; and

e  Full supply level.
The measuring points used, and the dimensions to be obtained are represented diagrammatically
in Figure 9.
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Figure 9: Diagrammatic representation of measurements made in the cross-sectional survey

Ascertaining full supply level in the empty channels was not without some difficulties, and
required a number of approaches. Where off-takes fitted with Dethridge wheels were within a
sight-able distance of the survey point, the height of the floor of the off-take was measured. The
full supply level in that channel reach was then taken to be 380 mm above the bottom of the off-
take. Similarly, where there was no off-take present, but weirs, regulators or similar
infrastructure were within a sight-able distance, the height of full supply levels marked or
evident on these structures was determined. In the absence of either of these indicators, full
supply level was taken as being represented by the height of the uppermost flare that had been
eroded in the side batter, by water carried in the channel. This later method was obviously the
least precise, but its use was nonetheless unavoidable in some instances.

3.3 Electrical conductivity and resistivity surveys
3.3.1  EM31 survey

A Geonics Limited EM31-MK2 ground conductivity meter, which was co-mounted with a
Trimble® EZ-Guide™ dGS on a four-wheeled motorbike, was used in the electromagnetic
induction survey to measure the apparent conductivity of the substrate underlying some 80
kilometres of distribution channel in the Jemalong Irrigation system. These sections of the
system represented the channels that were dry at the time of the assessment.

The EM31 meter was mounted to the side of the 4-wheel motorbike, with the transmitter and
receiver 3.66 metres apart, and both some 875 mm above the ground. Figure 10 provides a
photograph of the as-installed equipment used in this assessment.

Figure 10: Geonics EM31-MK2 and Trimble® EZ-Guide™ dGPS equipment fitted to the 4-wheel
motorbike used in the assessment
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Data collection runs were made laterally along the floor of the channels. In wider channels,
parallel data collection runs, some 4 metres apart, were undertaken. A maximum of four parallel
runs were undertaken in any one reach of the channel system, although in the more distal parts
of the distribution system assessed in this study, the generally narrower channel widths often
necessitated or allowed only a single pass.

Conductivity measurements were taken at approximately one second intervals during each data
collection run, and recorded by the data logger. This logged data was then matched to the time-
stamped UTM coordinates recorded by the dGPS equipment. The survey was conducted with
the EM31 meter set at the 1 000 mS/m measurement range. The one second data logging
interval resulted in measurements being recorded about every 2 or 4 metres along the surveyed
channels — the distance interval depending on the extant operating speed of the motorbike.

Along some channel sections, extreme surface roughness, associated with very severe cracking
in the very dry shrink-swell clay soils present in the affected areas, limited or physically
precluded the passage of the motorbike along the channel. The very limited sections of channel
not passable on the motorbike were not assessed in this study. The presence of weirs, regulators,
fences and other system infrastructure also prevented conductivity measurements being
undertaken in the immediate environs of these structures.

The calibration of the EM31 meter was checked on at least a daily basis at a standard
benchmark location. The ‘noise’ in the response data, associated with the inference produced by

the motorbike, was also quantified.

Figure 11 depicts those channel sections surveyed with the EM31 equipment.
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Figure 11: Sites sampled in the EM31 survey
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3.3.2  Electrical resistivity survey

Groundwater Imaging Pty Ltd was subcontracted to undertake an electrical resistivity (ER)
survey of in-service channels. This survey was undertaken using a geo-electric array drawn
behind a boat similar to that shown in Figure 12. Information provided on the subcontractor’s
Internet website would indicate that the ER survey equipment normally used for these surveys
includes an ABEM Terrameter ET200 transmitter and a TerraOhm RIP924b resistivity receiver.
Resistivity readings are likewise matched to positional data from a Trimble dGPS located on the
boat.

Figure 12: Boat-mounted electrical resistivity survey equipment similar to that used in this assessment
(©Groundwater Imaging)

Figure 13 shows the location of the channels sampled in the electrical resistivity survey.
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Figure 13: Sites sampled in the ER (®) survey
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3.4 Seepage rate estimates
3.4.1 Infiltrometer trials

The original proposal for this assessment allowed for nine infiltration tests, using a ring
infiltrometer very like that in Figure 14. The intention was to undertake three tests on three
different soil types. The aim of these tests was to provide infiltration data to calibrate and train
the ANN model. The data was not intended to be used directly in quantifying any seepage loss
estimates.

Figure 14: Ring infiltrometer (ANCID, 2004) similar to the one used in the initial (failed) ring infiltrometer
trials in this study

As can be seen from the background of the photograph in Figure 14, that ring infiltrometer is
being operated on what appears to be a relatively loose, friable surface, free of any major
cracking®. Figure 15 provides examples of soil surface conditions encountered in some of the
Jemalong system channels during this assessment.

Jemalong No 2A Warroo Main

Figure 15: Examples of surface conditions in parts of Jemalong channel system

* n.b. the cracking evident on the side batter in Figure 14 appears to be superficial cracking that is the
result of surface crusting, and which does not extend significantly into the soil matrix
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The initial trials undertaken in this assessment, using a large (0.25 m?) constant head single ring
infiltrometer similar to that in Figure 14, and attempted in soils less severely affected than those
in Figure 15, were unsuccessful. These failures were due to the following:
e Difficulties inserting the infiltrometer ring to a suitable depth in the often rough, and
generally very dry, very firm and deeply cracked soils;
e Very large losses of ponded water in the deep cracks present in the soil within the ring;
and
e Practical difficulties supplying the necessary volumes of water to the ring infiltrometer
at rates able to match the relatively high infiltration rates in the sampled soils (i.e. it
was not possible to maintain a constant head).

To address the above problems, the very simple, falling head well infiltrometer technique® was
used in the trails undertaken for this assessment. The advantages of using a well infiltrometer
included:

¢ Infiltration from the wells is generally less affected by soil cracking;

¢ The simplicity and speed of the assessment allowed more sampling to be undertaken;

e The drilling of the auger holes allowed a better assessment of soil characteristics and

soil conditions; and
® A substantially smaller volume of water was required for the tests.

Appendix C provides a detailed account of the methodology employed in the infiltrometer trials,
as well as some additional discussion of the limitations and constraints of well infiltrometers.

In all, some 25 trials were conducted using the well infiltrometer method (compared to the 9
ring infiltrometer trials originally proposed). Again owing to the less than suitable soil
conditions, two of these trails failed to produce useable infiltration data.

An additional noteworthy point is that infiltration data gained from trials undertaken under dry
soil conditions pertain only to those soils wetted over the limited duration of the trial — this
disadvantage applying to almost any form of infiltrometer used in such conditions, and not just
to the well infiltrometer utilised here. As a consequence, the hydraulic characteristics of the
superficial soil layers tested in such trials may not be the limiting factor in terms of the actual
seepage rates in those channels; with any deeper, less pervious material being the rate-limiting
factor in these losses. The influence of this deeper material might only be measured if the soils
were saturated or near saturation prior to commencing the trial. Such conditions did not exist at
any of the trial sites.

3.4.2 Idaho seepage meter trials

The aforementioned presence of water in the Jemalong Main and Jemalong No 2Up channels
precluded ‘normal’ infiltration trials being conducted in these channels within the timeframe
allowed by the Service Request. The associated need to also conduct some form of resistivity or
conductance survey of these two channels, and the subsequent incorporation of that data into the
water balance calculations, necessitated some form of seepage tests being undertaken in these
channels. The Idaho seepage meter was therefore used to undertake these extra-service trials.

The Idaho seepage meter was developed to measure in situ seepage flux rates from waterbodies.
These flux rates may be positive (losing), or negative (gaining) — the latter occurring where
interacting groundwater possess a potential head sufficient to cause it to discharge into the
waterbody. Figure 16 shows a photograph of an Idaho seepage meter similar to the one used in
these trails.

® Also known as the Porchet method or inverse auger infiltrometer
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Figure 16: Idaho seepage meter (ANCID, 2004) similar to the meter used in this assessment

In all, some 14 seepage meter trials were conducted along the Jemalong Main and Jemalong
2Up channels. Figure 17 shows the locations of those trials.
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Figure 17: Locations of the 14 |daho seepage meter trial sites (®)

Appendix D provides a detailed summary of the Idaho seepage meter and its application in this
assessment.
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3.5 Artificial neural network modelling

The International Centre of Water for Food Security, at Charles Sturt University, were
collaborators in this assessment, and used their artificial neural network (ANN) model to
provide estimates of losses in the Jemalong distribution system. Details of the model, and its
use, are provided in Kahn et al. (2007) and Kahn ef al. (2009). More specific information,
relating to the application of the model in this assessment, is given in Appendix E of this report.
The EM31, electrical resistivity and groundwater data gathered in this assessment, or presented
in this report, as well as data presented in the earlier Hotspots desktop analysis and design:
Jemalong Irrigation report (GHD, 2009), was to be used to calibrate and train the model.
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4. Results
4.1 Channel cross-sectional survey

Channel dimensions obtained from the survey are provided in Appendix A.

4.2 Electrical conductivity and resistivity surveys

4.2.1 EM31 survey

Apparent conductivity (EC,) values obtained in the survey ranged from 0.5 to 535 mS/m.
However some 99.32% of the recorded values were in the range of 20 to 180 mS/m.

Figure 18 shows a spatial plot of the 80 700 data points, with the values sorted into 20 mS/m
interval, colour coded groupings.

6320000
A
%y
O,
6315000 2y, sy, -
Sam G
6310000 -

6305000 ﬁ Warroo Main
P4 ’
Warroo No 9
6300000 "«r -

6295000 — —
6290000 ECa (mS/m) =
® 0.5-40 ol
® 40-60 <
60 - 80 § o
6285000 80 - 100 5, -
100 - 120 .5
® 120- 140 T
® 140 - 160 "': §
® 160 -535.3
6280000 ‘ ‘ ‘ ‘ ‘ ‘
535000 540000 545000 550000 555000 560000 565000 570000

Figure 18: Plot of EC, values in EM31 surveyed channels
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Figure 19 is a frequency histogram of the EC, values plotted in Figure 18, with the coloured
symbols above ear bar corresponding to the colour scale applied in Figure 18.
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Figure 19: Frequency histogram of EM31 survey data (with symbols showing colour scale applied in
Figure 18)

Figure 18 indicates that EC, values were lowest (<40 ms/m) along significant sections of the
following channels:

e  Warroo Main;

e  Warroo No 9; and

e Cadow No 3.

However, such low values were recorded less frequently, or less extensively, in the other
channels — particular along the Jemalong 2A channel.

4.2.2 ER survey

Figure 20 provides a histogram of the electrical resistivity (ER) responses measured during the
survey of the Jemalong Main and Jemalong No 2Up channels. The colour scale applied, which
has been apportioned on an equal area basis, ranges from red to green to blue; representing
resistivity values ranging from 1 to 10 to 100 ©/m respectively®.

® While conductivity is the converse of resistivity, ER resistivity values are not the direct mathematical
inverse of EM31 apparent conductivity values
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Figure 20: Histogram of ER survey data (Groundwater Imaging, 2009)7

Based on the colour scale in Figure 20, sites likely to be associated with large seepage losses
might be expected to yield higher resistivity values (i.e. denoting the likely presence of
‘fresher’, less saline groundwater).

A 3-D representation of the ER values recorded along the Jemalong Main and Jemalong No
2Up channels is provided in Figure 21. The plotted ER data, in the form of a series of ‘ribbons’,
has been overlain on an oblique view of the Jemalong-Wyldes Plain area obtained from
Google™ Earth. The higher resistivity areas along the ribbons are represented as blue or blue-
green areas. The height of the ribbons corresponds to a regolith depth of 32 metres

West

Figure 21: Oblique view of the Jemalong-Wyldes Plain (©Google™ Earth, 2009) overlain with the ER data
for the Jemalong No 2Up channel and the upstream Jemalong Main channel (Groundwater Imaging, 2009)

From Figure 21 it can be seen that the two surveyed channels track along the western footslopes
of the Jemalong Ranges. Also evident is that most of the surveyed section of the Jemalong Main
channel, and the northernmost section of the Jemalong No 2Up channel, are associated with
areas having high resistivity responses (i.e. potentially ‘leaky’ sections).

7 (a) The blue bar towards the right in the histogram represents the resistivity (and conductivity) values for
the actual channel water, and
(b) the x-axis is on a logarithmic and not a linear scale.
8 Seen as the narrow, dark wooded band in Figure 21
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4.3 Seepage assessments
4.3.1 Infiltrometer trials

The infiltration rate time series data obtained for each trial site was fitted to three widely
recognised infiltration models (i.e. the Philip, Horton and Kostiakov models). Coefficient of
determination (r2) and t-test values were computed for each model dataset, to provide an
indication of the ‘goodness of fit’ of the model output with the actual infiltration rate data.

Overall the Horton model tended to provide more consistent agreement between the observed
and model values, particularly during the later stages of the infiltration process when hydraulic
conductivity is likely to be the dominant factor in the observed intake rates. It is noted though
that the Horton model, with one of two exceptions, provided consistently higher Kj values than
either the Philip or the Kostiakov model.

The Horton model is based on the following equation:

fp = Kar + (io - Ksat)>< e

Where: A = infiltration rate (mm/hr) at time ¢;
Ksat = saturated hydraulic conductivity (mm/hr);
io = initial (¢ = 0) infiltration rate (mm/hr); and
p = an empirical exponent.

The Kjs values obtained from the trial data in the middle to lower range of those that might be
expected for a natural soil, although still somewhat elevated for a material exposed in the floor
or an irrigation channel. The K values, together with the corresponding EC, value for each trial
site, are shown in the scatter plot in Figure 22°.

°n.b. The lengths of the axes in Figure 22 are indicative of the typical range of Ksat and EC, values in soils
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Figure 22: Scatter plot of apparent conductivity (EC,) and hydraulic conductivity (Ks) values for each trial
site

There is no statistically significant trend evident in the plotted values in Figure 22.
Figure 23 shows the locations of the 25 infiltration trial sites, with the corresponding Kjs values
represented as circular symbols in which the diameter of the symbol is proportional to the Kj

value obtained at that site. Trail sites JIO2 and JI04 (from which infiltration data was not
obtained) are depicted by medium-sized unfilled symbols.
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Figure 23: Infiltration trial sites with symbol diameters showing the relative Kis values for each site

Casual observation might suggest that those sites in Figure 23 having higher than average Kj
values were at the following locations:

¢ Along the middle and terminal sections of the Cadow No 2A channel;

¢ Along the Warroo Channel (in particular the more distal sections); and

e At two locations on the Cadow Upstream channel

More comprehensive details of the above results are provided in the infiltration trial report
provided in Appendix C.

4.3.2 Idaho seepage meter trials

The seepage rates obtained with the Idaho seepage meter in the Jemalong Main and Jemalong
No 2Up channels were all very low (i.e. <0.0001 — 0.013 mm/hr); even when compared to the
values obtained by van der Lelij (1993) for the Warroo Main channel (i.e. 0.25 — 64 mm/hr).
By themselves these results might imply that the two Jemalong channels are not a source of
significant seepages losses from the system.

Notwithstanding the above, Figure 24 provides a scatter plot of the seepage rates, and the
corresponding electrical resistivity (ER) values at a depth of four meters, at the 14 trail sites
(refer Section 4.2.2). With the very low rates observed in the Idaho seepage mater trials, it might
be expected that resistivity levels at these sites would be very low (i.e. <<5 Q/m). In fact the

E.A. Systems Pty Limited © 2009 Page 26




LEX-21080 Page 77 of 437
Report No 22630.38303

near converse is true, with resistivity levels in the mid to high range (represented by green and
blue green on the colour scale in Figure 20, page 23).
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Figure 24: Scatter plot of electrical resistivity and seepage values for each trial site (n.b. the x-axis is
plotted on a log1o scale and, being resistivity rather than conductivity, in reverse order)

Again there is no statistically significant trend evident in the plotted values in Figure 24.
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4.4 ANN model predictions
4.4.1  Model calibration

Appendix E provides details on the calibration of the ANN model.

The modellers were only able to adequately parameterise and train the ANN model for the
Warroo Main and Warroo No 9 channels. Attempts to calibrate the model for the Jemalong
system proved unsuccessful. This lack of success was reportedly due to the extremely low
seepage rates values obtained in the Idaho seepage meter trials undertaken along that channel
(refer Section 3.4.2).

The well infiltrometer data proved unusable in the model.

The modellers reportedly found that the following variables provided the best estimators of
seepage loss in those channels:

e Water table elevation;

¢ Standing water level (SWL) in the piezometers;

e EC, values derived from the EM31 survey; and

e Salinity (EC) values of groundwater in the monitored piezometers.

Figure 25 provides a pie chart depicting the relative contribution of these variables to the
seepage rate estimates provided for the Warroo Main and Warroo No 9 channels by the ANN
model.

Groundwater EC
11.59%

Water table
36.71%

SWL
27.4%

Figure 25: Contribution of input variables to the ANN model when estimating seepage rates in the Warroo
Main and Warroo No 9 channels

Further details of the nature of the weighting process applied in the ANN model to the various
the data sources are provided in Appendix E.

From Figure 25 it can be seen that the contribution made to the ANN model seepage rate
estimates by the EC, data, was relatively small, being less than 25%. This small contribution
might appear surprising considering the importance given to conductivity data (i.e. EM31 and
EM38) in previous assessments of channel seepage, and in the Service Request.
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A significant factor in the minor contribution is undoubtedly the poor relationship between the
contemporary EC, values and the now 16-year old Idaho seepage rate data for the Warroo
channel, from van der Lelij (1993), which was used to train the model. This poor relationship is
evident in the scatter plot in Figure 26.
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Figure 26: Scatter plot of apparent conductivity (EC,) and Idaho seepage meter data or van der Lelij
(1993)

As might be expected, no statistically significant trend is evident in the plotted values in Figure
26.

It might also be noted that in the very gently sloping, very low relief terrain of the Jemalong-

Wyldes Plain, water table elevation and standing water levels are not entirely independent
variables, and in a statistical sense are likely to suffer to some degree from collinearity.

4.4.2 Model predictions and validation
Figure 27 provides a scatter plot comparing the Idaho seepage meter data of van der Lelij

(1993), with the estimated seepage rates provided by the ANN model, for the sites along the
Warroo Main channel where van der Lelij undertook the original tests.
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Figure 27: Scatter plot of measured seepage rates (van der Lelij, 1993) and predicted rates

While there is a very strong correlation between the predicted and actual seepage rates in Figure
27, the predicted values are on average 50% greater than the corresponding measured values.

Figure 28 is a colour-coded representation of the ANN model predictions of seepage rates at the
various sites on the Warroo Main and Warroo No 9 channels. The plotted values would suggest
that seepage rates are generally highest in the middle and upper reaches of the Warroo Main

channel.
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Figure 28: Predicted seepage rates (m/day) in the Warroo Main and Warroo No 9 channels (source
Hafeez et al., 2009)
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5. Discussion
5.1 ANN model predictions

5.1.1 Hotspots

The ANN model indentified a number of potential seepage Hotspots along the Warroo Main
channel. These are shown in Figure 29. Appendix E should be consulted for additional
information on the derivation of this map.

Figure 29: Seepage Hotspots in the Warroo Main channel identified on the basis of the ANN modelling
(source Hafeez et al., 2009)

The predicted Hotspots shown in Figure 29 appear to have some merit when compared to other
data and information presented in this assessment (e.g. groundwater data in Section 2.3.1).
However, as with any proprietary ‘black box’ model it not particularly easy to independently
replicate the modelling, and so verify the model output. The priority that might otherwise apply
to the identified Hotspots needs to be tempered by the channels that have been mapped in Figure
29 representing only two of the nine channels that were to be assessed in this assessment, and an
even smaller proportion of the balance of the Jemalong distribution system.
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5.1.2 Water balance

Table 3 shows a monthly water balance for Warroo and Cadow channels in Division 1 of the
Jemalong system. The water balance covers the period from November 2005 to May 2006
inclusive. The reasons for the selection of that period, when undertaking the water balance
calculations, are given in Appendix E of this report, as are the methods by which these estimates
were obtained.

The evaporative losses used in Table 3 are based on FAO-56 ET, values'®. Muirhead er al.
(1997) provide the rational behind using ET, values, rather than pan evaporation data, for small
water bodies in irrigation areas in western New South Wales. Loss estimates made using other
predictive measures of evaporation are provided in Appendix E. Given the relative magnitude of
the evaporative losses in Table 3, when compared to other components of the water balance, the
differences between various surrogates for potential evaporation are likely to be relatively minor
and can be safely disregarded.

Table 3: Monthly water balance for all the Warroo and Cadow (Division 1) channels for the period Nov 05
—May 06

Month Diversions (ML) Deliveries (ML) Evaporation (ML) Losses (ML)

Nov 05 882 90 179 613
Dec 05 2253 1300 238 715
Jan 06 3051 1098 242 1711
Feb 06 1592 698 203 691
Mar 06 2972 1673 171 1128
Apr 06 2581 1470 107 1003
May 06 2014 778 67 1170

The predicted monthly system losses in Table 3, which include both operational and seepage
losses, cover a range between a minimum of 32% of diversions in December 2005, and a
maximum of 70% of diversions in November 2005. For the 6-month period in Table 3, these
particular losses represented an average of 46% of total diversions. Assuming that (1) the above
estimates are accurate; (2) they are replicated across the Jemalong channels in Division 2; and
(3) they can be replicated in time; then this water balance suggests that close to 50% of
diversions might be being lost from the system in the form of seepage and operational losses.
Accordingly any ability to significantly reduce these particular losses may generate significant
benefits.

Overall, evaporative losses were predicted to account for only around 8% of diversions into the
system. Thus mitigating these losses would appear likely to provide a less beneficial, and likely
less productive means of improving the efficiency of the distribution system.

" The ETo values used are from a SILO DATADRILL dataset, and thus a default wind speed of 2 m/s can
be assumed to have applied in deriving these values (DERM, 2009)
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5.2 Conductivity and Resistivity data
5.2.1 Relationships with measured hydraulic properties

Figure 30 re-presents the scatter plots previously provided as Figure 22, Figure 26 and Figure
27. These scatter plots compare infiltration and seepage data obtained in this and previous
assessments, with the data obtained in the electrical resistivity and conductivity surveys of the
subject irrigation channels.

Kfs (mm/hr)
.

Seepage rate (mm/hr)
L

Seepage rate (mm/hr)
L

100 — .~ L4 i
[ ] 20 —
® 0.02 —f
1 e °_©® ]
3% e’ i
O*A—b—'—v—'—v—‘ o T : L R e e L e !
0 100 200 300 100 10 1 20 40 60 80 100 120
ECa (mS/m) Resistivity (©/m) EC, (mS/m)
Infiltrometer data vs EC, Idaho seepage meter vs ER Idaho seepage meter vs ECa

Figure 30: Comparison of the scatter plots of infiltrometer and seepage meter data and conductivity and
resistivity data related to this assessment

In none of the plots in Figure 30 was there a statistically significant relationship between the
two sets of variables. For example, when logarithmic regression equations are fitted to the data
the coefficient of determination (r?) values for the respective datasets are 0.0007, 0.141"" and
0.003 respectively (i.e. left to right in Figure 30). Compare these values and the associated
scatter plots with the scatter plot and r2 value in Khan et al. (2007), as reproduced in Figure 31.

Figure 31: A copy of the scatter plot of apparent conductivity (EC,) and seepage data in Khan et al. (2007)

" While the r2 value for the ER data is greater than the others, the analysis of variance does not provide a
significant F-statistic value, and the logarithmic regression equation fitted to the data slopes the ‘wrong’
way (i.e. lower resistivity values are associated with higher seepage rates)
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There are a number of reasons why there might be a lack of any statistically significant
relationship between the conductivity or resistivity data and the hydraulic data in Figure 30.
Some of the more readily apparent reasons include:
e There might actually be no direct or readily quantifiable relationship;
e The method with which one or more of the variables was measured is deficient; and
e The datasets are too small or cover too small a range of values for a strong relationship
to be established (e.g. the EC, are predominantly on the lower end of the normal
response range and the ER values at the higher end).

Reference back to matters discussed in Section 3.1.3 (pages 12) would suggest that owing to the
characteristics of many of the soils in the Jemalong system, and in particular the soil conditions
at the time this assessment was undertaken, it is not entirely unexpected that the infiltrometer
trials would fail to produce data that was accurate or precise enough to be of use as a modelling
input — such infiltration data being more semi-quantitative in nature, and possibly more useful in
evaluating the relative ‘leakiness’ of soils at different sites, rather than providing precise values
suitable as input data in a model.

The remarkably low values obtained in the Idaho seepage meter trails during this assessment
have also been previously mentioned (refer Section 4.3.2), and are of some concern.

In respect specifically to the Idaho seepage data of van der Lelij (1993), the age of this data
means that any subsequent, and potentially non-uniform changes in soil conditions in the
Warroo Channel (e.g. siltation, channel cleaning and rehabilitation operations, channel
realignment, soil salinisation or sodification, efc.), may mean that the extant soil conductivity
data will inevitably have a poor or inconsistent relationship with the 16 year old seepage data.

5.2.2 Relationship with groundwater data

Some tentative, but far from consistent relationships between locations of groundwater
mounding in Figure 5, and areas of low apparent conductivity Figure 18, are evident in a visual
comparisons of representations of these data provided in Figure 32. It may be also noteworthy
that neither of the potentially ‘leaky’ areas highlighted here, correspond with the Hotspots
identified by the ANN model in Figure 29 (page 32).
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Piezometric surface mapping EC, values

Figure 32: Comparison of water table elevation mapping from Figure 5 and EM31 derived EC, values from
Figure 18
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Likewise in Figure 33, an area of higher resistivity previously identified along the Jemalong
Main and the upper reaches of the Jemalong No 2Up channel in Figure 21, corresponds with an
area where there appears to a significant influx of fresher (less saline) groundwater in Figure 6

(page 10).

Groundwater EC mapping ER response ribbon

Figure 33: Comparison of groundwater EC mapping from Figure 6 and ER response data from Figure 21

The casual relationships observed in Figure 32 and Figure 33 might suggest that the resistivity
and conductivity data are of more value than the seepage and infiltration estimates obtained in
this assessment, or certainly of more value than suggested by the ANN modelling. A fuller
investigation of these relationships is however beyond the resources available in this study.
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6. Conclusions

Analysis of the data from the infiltration and seepage rate trials undertaken in this Hotspots
assessment did not find any statistically significant relationship between that data and the
respective EC, and ER data obtained in the concurrent electrical conductivity and resistivity
surveys of the channels in the Jemalong system.

One factor contributing to the lack of any strong relationship may be the imprecision commonly
associated with infiltration and seepage rate measurements. Another contributory factor might
be that both conductivity and resistivity values are influenced by factors other than soil salinity
levels per se. McNeill (1980) identified the following as factors that may have a significant
influence on conductivity and resistivity responses:

e Soil texture (i.e. clay content);
Clay mineralogy and cation exchange capacity;
Extant soil moisture contents;
Tonic species present in the soil solutions;
Soil temperature; and
Regolith depth and the geological characteristics of the substrate.

The influence of many of the above factors is likely to differ between geological units and soil
types. At least three major soil types, and a similar number of geological units, occur in the
areas traversed by the subject channels (refer sections 2.2.1 and 2.2.2). Quantification of some
of these variables (e.g. quantitative data on particle size distribution data, cation exchange
capacity, soil moisture content, efc.), might have allowed these to either be identified as
extraneous or inconsequential factors, or incorporated as component variables when modelling
the seepage losses from the channels.

Despite the above, both the moderate to high infiltration rates and the relatively low EC, values
obtained in this assessment might indicate that the soils are all relatively ‘leaky’ — unusually so
for the soils that appeared to have a substantial clay content. Such a conclusion regarding their
leakiness is consistent with hydraulic conductivity estimates for the soils in the Jemalong area
provided by King (1998). Similar observations could not be made in respect to the seepage rate
and the corresponding ER data — although trends in the ER data did appear consistent with those
in the EC, data.

Casual comparisons of electrical conductivity and resistivity data, and recent groundwater
salinity and watertable elevation monitoring data, suggest some potentially strong correlations
exist between these datasets. Hence despite the poor relationships observed with infiltration and
seepage rate estimates, the conductivity and resistivity data may still be of significant value in
respect to identifying potentially ‘leaky’ sections of the Jemalong channels. However, the
conductivity and resistivity data by themselves do not allow any quantification of the losses. A
more extensive survey and data analysis, beyond the scope of this study, would be required to
properly evaluate any correlation between the conductivity and resistivity data and groundwater
monitoring data.

In this assessment, attempts to identify seepage Hotspots and quantify seepage losses using the
ANN model were very much constrained by the inability to establish relationships between the
conductivity and resistivity data, and the hydraulic conductivity and seepage rate estimates. The
resultant reliance on 16-year old seepage rate estimates to calibrate and train the ANN model is
thus of some concern. Accordingly, while the ANN modelling did identify some potential
Hotspots in the Warroo channel, a high level of confidence cannot be held in respect to the
reliability of either this identification, or the associated Division 1 water balance predictions
(see Table 3, page 33).

Notwithstanding the problems experienced in using the ANN model in this assessment, it
should not be assumed that the model is necessarily critically flawed or unsuitable. Conditions
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peculiar to the Jemalong system, and in particular many of the channels being out-of-service
(i.e. ‘dry’) at the time of the assessment, may be outside of those under which the model was
originally developed and tested. If that is the case, further refinement of the model might allow
it to yield usable predictions for out-of-service channels in the future.
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Appendix A. Channel cross-sectional survey data
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Appendix B. Electrical resistivity assessment
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Appendix C. Infiltrometer trials
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Appendix D. Idaho seepage meter trials
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Appendix E. Artificial Neural Network Modelling
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FOREWARD

It is, with a great sense of responsibility, that | write this foreword to this very important document. The last 7 -
8 years of drought have drastically affected the Forbes Shire, both socially and economically ie. loss of jobs and
therefore a drop in population, and also loss of income to the town and shire, normally generated from the
irrigation of a wide variety of crops and the fattening of stock.

Having been an irrigation farmer in the Forbes area since 1980, | have been involved in river committees, ie The
Lachlan River Advisory Committee; Upper Lachlan Water Users; The Lachlan River Management Committee,
which was responsible for producing the Water Sharing Plan for the Lachlan River. | have also served on Forbes
Shire Council since September 1990, including 7 years as Mayor, and so have firsthand knowledge of Jemalong
Irrigation Ltd and its directors.

The Jemalong Irrigation area is a substantial part of the irrigation in the Forbes Shire, indeed in the Lachlan
Valley, consisting of some 90,000 ha of farming land. In the pre drought years an average of 75% of entitlement
was used, ie 60,000 ML grossing around $25 million per annum.

The very pro-active Directors of Jemalong Irrigation Ltd have initiated the production of farm plans on all of the
members’ farms (approximately 100) receiving Jemalong water. Western Land Planning has been commissioned
to do this work. This review, already in process, incorporates all water management on farm, ie water
reticulation, irrigation methods, suitability of crops on different soil types and generally producing more with
less water. The review is funded by Jemalong Irrigation Ltd. Importantly the farm plans will assist in the
modernization planning of the Jemalong distribution network.

| applaud the concept of the Irrigation Modernisation Plan by Jemalong Irrigation Ltd; in as much as it studies
ways of achieving efficiencies of water delivery; to do more with less water, especially with the ominous climate
change issues hanging over us.

It is also important to note that Jemalong Irrigation Ltd supplies water for stock and domestic purposes, some
2750 ML in total. In the case of domestic users there are approximately 150 families involved with relatively no
useable ground water in the area, and no other way of sourcing water. It is imperative that the most cost
effective and efficient plan is chosen for stock and domestic water. There are two options in the report. It
should however be pointed out that, with no water available for cropping over the last seven years, the
production of livestock has been the only source of income.

| applaud also the concept of Government Funding to achieve water delivery efficiencies. This is beneficial to
both Government and water users alike. In comparison to the Government water buy back scheme, which
removes water from communities depleting the earning capacity of a given area with no real plan on how the
Government will use the acquired water. This results in job losses and therefore population movement from
rural communities to our already overcrowded cities.

The water saving, achievable in the Modernisation Plan, is significant and, as pointed out earlier, the saving will
be beneficial to both the environment and producers. To their credit, the Jemalong Irrigation Ltd set up a
review committee of irrigators (one from outside JIL) to peruse and advise on the document before it is
presented to the Government.
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In conclusion, | look forward with anticipation and excitement to the adoption and implementation of this
Modernisation Plan, which will undoubtedly be of great benefit not only to Jemalong Irrigation Ltd but also to
the whole of the Forbes Shire.

s 22(1)(a)(ii)

Forbes Shire Council
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JEMALONG IRRIGATION

ABN 76 067 197 782 ACN 067 197 782
Postal Address PO BOX 520 Forbes NSW 2871
Telephone 02 68574201 Facsimile 02 68574267

Email jil@westserv.ngt.au

Memorandum from the Chairman Jemalong Irrigation (JIL.)

The Board has pleasure in lodging the “Jemalong District Irrigation Scheme
Modernisation Plan” for Jemalong lIrrigation Ltd. This report has been prepared by
Western Lands Planning (WLP), the project manager, and provides an assessment of a
full range of possible engineering solutions for the JIL infrastructure.

JiL acknowiedges and appreciates this has been largely funded by the Commonwealth
Government with JIL also contributing by implementing and financing farm water
efficiency plans. It has provided a unique opportunity to assess costings of, and then
evaluate options for, a reduction in transmission losses in JIL and thereby a more efficient
delivery of water to our customers. The Plan also analyses the on farm losses and
proposes soiutions. Losses occur all the way from channel to infiltration past the irrigated
plant root zone. Assessment of Stock and Domestic options is considered critical to the
long term viability of the area. The past seven years has highlighted the need for security
of these supplies.

Consultation with our shareholders has been indirectly through the farm planning done by
WLP. All farmers in JIL are part of the Modernisation Pianning (MP) as future demand by
farmers, as indicated in farm plans, reveals likely supply requirements. The appointment
of a review committee (mostly JIL irrigators) has provided consultative input. Time (i.e.
deadlines to be met) has not allowed for consultation with all the shareholders about the
contents on the Modermnisation Plan. It is intended to do this at the next stage.

The plan has noted, and JIL strongly believes, that further investigation projects are
required by the Federal Governments Hotspots Program. This is needed to identify the
trouble spots with the highest leakage in the channel system. This is essential for the
assessment of options in the next stage. A range of options from total tining of channels
with different materials to piping have been assessed and this can be applied to the
results of the Hotspots Program.

s 22(1)(a)(ii)

Chairman v
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EXECUTIVE SUMMARY

Background

Water use in the Lachlan Catchment exhibits similar demands as throughout the entire Murray-Darling Basin.
The environment, households, stock, the production of food and fibre and mining and manufacture industry
each require a proportion of the available surface water each year. The sustainable distribution of water
resources between these users is critical to the long-term survival of water ecosystems, and rural and urban
communities.

This Irrigation Modernisation Plan has been funded through the Sustainable Rural Water Use and Infrastructure
program, part of the Australian Government’s Water for the Future initiative. It presents several options for
modernising the water delivery and on-farm irrigation infrastructure in the Jemalong Irrigation District within
the Lachlan Catchment. It demonstrates that modernising irrigation in the district has potential to make
significant and lasting water savings that may be transferred to the Commonwealth Environment Water Holder
for use in the management of the Lachlan Catchment’s environmental assets. Irrigation modernisation is also
likely to sustain the regional community and national food production.

The Lachlan River rises near Goulburn and flows generally east to west over 1,450km to the Great Cumbung
Swamp near Oxley. It is unique in the Murray-Darling Basin in that it is a predominantly terminal system: flows
from the Lachlan River reach the Murrumbidgee River only when both rivers are in flood. Wyangala Dam is the
largest structure in the catchment, with a capacity of 1,220,000ML. Carcoar Dam, Lake Cargelligo and Lake
Brewster are other important water storages, along with numerous weirs. Several effluent (divergent) creeks
occur in the lower part of the catchment and there is significant braiding of streams in the central and lower
part of the catchment.

This system of multiple channels with interconnections and divergences supports a myriad of environmental
assets. There are nine nationally important wetlands listed in A Directory of Important Wetlands in Australia and
numerous other smaller wetlands that play a key role in connecting the larger sites. An abundance of flora and
fauna depend on these wetlands, as well as the riverine ecosystem. Lake Cowal/Wilbertroy Wetlands, the
Booligal Wetlands and the Great Cumbung Swamp are three wetlands that have been identified by the
Australian Government as priority sites within the Lachlan Catchment.

Agriculture is the dominant industry in the Lachlan Catchment, consisting primarily of dryland and grazing
enterprises, and significant irrigation. The most important irrigation activities are cereal crops, and pasture and
hay production and the majority of this irrigation occurs on diversified farms that incorporate dryland cropping
and grazing. Another major irrigation industry is viticulture, with one-quarter of the farms in the region irrigating
wine grapes (ABARE 2008). Horticulture, dairy, feedlots and piggeries are also included in the production mix in
the region. Whilst the Lachlan catchment is only 10% of NSW, it is estimated to produce 14% of the States
agricultural production (Lachlan CMA, 2009). Mining, tourism, manufacturing, timber production, food
processing and fishing are also important industries.

The Jemalong Irrigation District is the only irrigation scheme in the Lachlan Catchment. It commenced operation
in 1941 following the construction of Wyangala Dam in 1935 and Jemalong Weir in 1936, from where it draws
water from the Lachlan River. Water is distributed to over 90 properties through approximately 300km of open
earth channel. A system of check-gates is used to hold the water in each section of the channel and raise it to a
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level where it can be delivered on to adjacent farms by gravity. The Jemalong Irrigation District may be split into
two divisions associated with a split in the main channel system just downstream of the off-take. Division 1 is
generally the northern section of the scheme and Division 2 is the southern section.

The scheme is managed by Jemalong Irrigation Limited, an unlisted public company with a board of seven
directors elected by the 119 shareholders. Jemalong Irrigation Limited holds all Water Access Licences for the
Jemalong Irrigation District, with 78,907 unit shares of general security water, a conveyance licence of 17,911
unit shares and 1,756ML of stock and domestic entitlement. Shareholders’ right to have water delivered is
separated from their right to a share in water allocations. The number of shares they hold in Jemalong Irrigation
Limited is proportional to the water volume they are entitled to.

Jemalong Irrigation Limited also delivers water for stock and domestic purposes to over 19 properties
surrounding the Jemalong Irrigation District, termed ‘out of district’ users, and to Barrick Gold Corporation
(Cowal Gold Project).

The Water Sharing Plan for the Lachlan Regulated River Source sets out the rules for sharing water on the
regulated Lachlan River downstream of Wyangala Dam and various tributaries. On average, surface water
availability is 1,139 GL/year and on average about 321 GL/year (or 28%) of this is used (CSIRO, 2008). Under this
plan, the average annual available water determination (AWD) that might be anticipated for general security
water licences is around 43%. With the effects of climate change taking hold, this figure is likely to reduce to
36% by the year 2030.

However, the Water Sharing Plan has never been enacted as the Lachlan River has been managed according to
the Drought Contingency Plan since July 2003 (State Water, 2008). Over the last six years, the average AWD has
been just 4%. It is common for Jemalong Irrigation District irrigators to purchase water under temporary
transfers from other entitlement holders within the region. Therefore, they generally have water supplies in
excess of the AWD, although all general security entitlements on the Lachlan Regulated River are currently
restricted to 75% AWD. However, with water availability so low, there has been very little irrigation in the
district since 2002. The importance of using what water is available during these times of very low allocation in
the most efficient manner becomes paramount for the sustainability of water ecosystems and communities.

Existing Water Losses within the Jemalong Irrigation District

On average, Jemalong Irrigation Limited may currently lose up to 30,136ML or 69% of its water entitlement to
infiltration, evaporation and operational losses. Of these losses, 55% occur in scheme channels and 45% occur
on farm, highlighting the importance of on-farm infrastructure upgrade. These figures are based on a year with
the current estimated average annual AWD of 43%, with irrigation occurring over 7 months of the year.
Anecdotal evidence suggests that losses in Division 2 of the scheme channels are lower than those in Division 1.

By the year 2030, with the average annual AWD anticipated to reduce to 36%, the total losses in the scheme
could rise to 82%. This is because the losses in the scheme are associated with the water level in scheme
channels, which need to be at full supply level to be able to deliver to farms. Therefore, the total volume of
losses is anticipated to remain constant over small changes in water availability (larger changes in water
availability are required to result in operation change that might alter the duration that channel water levels are
at full supply level).

-viii-
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Loss estimates for the Jemalong irrigation District scheme channels have been calculated using extensive
modelling that, while technically capable of producing accurate results, relies on large amounts of anecdotal
information as input. Loss estimates in this report should therefore be treated with caution. They are considered
sufficiently accurate for the purpose of initial Modernisation Option assessment. However, they are not
considered appropriate for decision making regarding water transfers or capital investment. It is strongly
recommended that detailed assessment of infiltration rates be undertaken throughout all scheme channels
prior to further development of upgrade options.

Irrigation Modernisation Options

All potential upgrade techniques and methods that were considered applicable to modernising the Jemalong
Irrigation District underwent preliminary assessment. From these, seven Modernisation Options have been
determined. These are based primarily on the upgrade of the scheme channels. Upgrade of channel gates and
meters, stock and domestic water delivery and on-farm infrastructure are considered to be essential to a
modernised scheme and are included in all Modernisation Options. The following table summarises the
Modernisation Options for the Jemalong Irrigation District.

Irrigation Modernisation Options for the Jemalong Irrigation District

On-farm
channels
On-farm upgrade and soil Stock and
Division 1 Division 2 Scheme gating irrigation moisture domestic
Option Channels Channels and metering(a’ infrastructure monitoring delivery
Option 1 |Existing Existing Existing Existing Existing Existing
Option 2 |Stabilised Backfill | Stabilised Backfill | Upgrade scheme |Asidentifiedin |As identified in|Upgrade b}
gates and meters |On-Farm Water |On-Farm Water
Efficiency Plans | Efficiency Plans
Option 3 |Geofabric Liner |Geofabric Liner |Upgrade scheme |As identified in|As identified in|Upgrade ®)
gates and meters |On-Farm Water |On-Farm Water
Efficiency Plans | Efficiency Plans
Option 4 |HDPE Liner HDPE Liner Upgrade scheme |As identified in|As identified in Upgrade(b)
gates and meters |On-Farm Water |On-Farm Water
Efficiency Plans | Efficiency Plans
Option 5 [EPDM Liner EPDM Liner Upgrade scheme |As identified in|As identified in Upgrade(b)
gates and meters |On-Farm Water |On-Farm Water
Efficiency Plans | Efficiency Plans
Option 6 | HDPE pipe Synthetic Liner Upgrade scheme |As identified in|As identified in Upgrade(b)
system + line gates and meters |On-Farm Water |On-Farm Water
existing Channel Efficiency Plans | Efficiency Plans
Option 7 |HDPE pipe Synthetic Liner Upgrade scheme |As identified in|As identified in Upgrade(b)
system gates and meters |On-Farm Water |On-Farm Water
Efficiency Plans | Efficiency Plans

Notes: © Includes upgrading farm off-take meters
®The preferred stock and domestic water delivery system will be finalised prior to any application for infrastructure

funding.
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Scheme channels

Six options have been considered for upgrading the Jemalong lIrrigation District scheme channels. The ‘do
nothing’ case has also been included to provide a comparison for upgrade options. Modernisation Options for
scheme channels include:

1. ‘Do nothing’

Lining channels with a stabilised backfill material. The benefit of this option rests largely on the quality
of the backfill material. Material with a ‘low’ infiltration rate and one with a ‘high’ infiltration rate have
been assessed.

Lining channels with a UV protected geomembrane.

Lining channels with an ethylene propylene diene monomer (EPDM) rubber material.

Lining channels with a high density polyethylene (HDPE) material.

o vk w

Piping Division 1 channels with a pipe large enough to deliver the every day requirement during a 36%
AWD year. Lining of the remainder of the channel in Division 1 for times when greater volumes are to be
delivered. Lining of Division 2 channels.

7. Piping Division 1 channels with a pipe large enough to deliver the peak capacity of existing channels.
Lining of Division 2 channels.

Note that Options 6 and 7 include lining of the channels in Division 2 rather than piping. This is in line with the
anecdotal evidence that losses in Division 2 are generally less than those in Division 1. The collection of detailed
information on infiltration rates throughout scheme channels will allow refinement of the options.

Scheme channel gates and meters

The upgrading of all check and regulator gates to modern, remote controllable gating technology will allow the
Jemalong Irrigation Limited to efficiently deliver and monitor deliveries to all irrigators. Upgrading Dethridge
wheels at farm off-takes to Water Management Outlets will increase the accuracy of water measurement and
all more water efficient application techniques to be utilised.

Scheme gating and metering upgrade includes replacing current regulator check gates and Dethridge wheels. If
pressurised pipe systems are utilised, regulator check gates will not be required.

Stock and domestic water delivery

Four alternatives for stock and domestic water supply have been investigated. Two options follow the route of
the existing channel delivery system and have the one off-take at the Jemalong Weir. The other two options
follow road reserves as much as possible and have three off-takes along the Lachlan River. All of the alternatives
consist of a pressurised pipe network separate to irrigation water delivery.

On-farm irrigation application

Each farm within the Jemalong Irrigation District is having an On-Farm Water Efficiency Plan developed. These
plans identify on-farm water application inefficiencies based on industry standard figures provided by the NSW
Department of Primary Industries. The principal objective of the On-Farm Water Efficiency Plans is to develop an
on-farm option for future irrigation infrastructure modernisation in conjunction with the farmer. Options are
suited to soil type and anticipated future enterprise to substantially increase the efficiency of water use and
enhance environmental value.
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The proportion of upgrade using sub-surface drip, centre pivot, lateral move and upgraded flood irrigation that
has been identified in the On-Farm Water Efficiency Plans has been incorporated into each of the Modernisation
Options apart from Option 1 —the ‘do nothing’ case.

Improvements in scheme channel delivery efficiency may result in more water being delivered to the farm gate;
however the amount of water that might be traded for scheme channel infrastructure upgrade will not be
determined until an application for funding is made. Given this uncertainty, the entitlement of each holding at
the farm gate is assumed not to change with upgrade.

On-farm water delivery, storage and moisture metering

The On-Farm Water Efficiency Plans identify further inefficiencies through a water balance that considers
infiltration and evaporation associated with on-farm storages and conveyance channels.

Losses from farm dams can be lowered by reducing the surface area of water in contact with the atmosphere
and soil by sub-dividing, deepening and lining. Reservoirs used to store water for stock purposes may be
replaced with a reticulated pipe network incorporating tanks and troughs. Infiltration from farm channels can be
reduced by lining with suitable clay or synthetic materials.

Moisture meters optimise water application rates by measuring soil measure at fixed depths. This provides
information on how much water should be applied, reducing deep drainage losses.

Upgrade of on-farm water delivery and storage infrastructure, and moisture meters that has been identified in
the On-Farm Water Efficiency Plans has been incorporated into each of the Modernisation Options apart from
Option 1.

Assessment of Modernisation Options

The following table presents a summary of water savings, capital cost and benefits of the Modernisation
Options.

-Xi-
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Combined Modernisation Option assessment
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1 Do Nothing
0 0 23.5 0 0 - 10
2a Stabilised Backfill — High
Infiltration 6,880 86.8 23.5 27.3 106 1.24 9
2b Stabilised Backfill - Low
Infiltration 16,450 86.8 23.5 27.3 106 1.24 8
3 Geofabric Liner
23,680 88.5 345 27.3 106 1.22 3
4 HDPE Liner
23,680 93.1 31.0 27.3 106 1.16 2
5 EPDM Liner
23,680 92.5 30.3 27.3 106 1.17 1
6a :E:f R ISEEREN 24,790 150.7 34.3 27.3 106 0.72 4
6b HDPE Pipe and HDPE
Liner 24,790 155.1 30.8 27.3 106 0.70 5
6¢c HDPE Pipe and EPDM
Tier 24,790 154.6 30.2 27.3 106 0.70 6
7 HDPE Pipe and EPDM
gner 24,830 258.8 13.5 27.3 106 0.42 7
Notes:

e All employment and economic benefit values are based on a 36% AWD — the average annual water availability anticipated for the
year 2030 accounting for climate change

e No score has been provided for carbon emissions and energy use due to complexities in estimation and weighting against
environmental benefits. In general, the Options that result in the greatest water savings also result in greatest energy requirements
and carbon emissions.

e Co-contributions have not been assessed at this stage.

e On-farm costs account for in-field technology only.

Option 1 represents the ‘do nothing’ scenario. It does not produce water savings and so does not provide socio-
economic or environmental benefit compared to the present. In fact, there are likely to be substantial negative
impacts associated with this option including reduced production, employment, and community viability. The
reduction in water availability associated with climate change, without additional water for the environment
would also have a detrimental effect on the environmental assets of the Lachlan Catchment.

Option 2 would result in water savings of between 6,400ML and 13,840ML in an average year (36% AWD)
depending on the infiltration rate of the backfill material used. In a 75% AWD year, water savings may increase
to between 6,880ML and 16,450ML. The on-farm infrastructure upgrade would result in an increase of 27.3 full-
time equivalent positions over Option 1 and generates $108 million net industry benefit up until 2030. This leads
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]EMALOHs(!BN)@éTION LIMITED IRRIGATIQE%eMﬂqul}'X?fTION PLAN

to a comparatively high cost-benefit ratio (calculated as net industry impact divided by capital cost) of 1.24.
Maintenance costs are also similar to those for the ‘do nothing’ case. However, backfill material with a low
infiltration rate is likely to be difficult to find within close proximity to the scheme. Importing material from
further away would increase costs. If material with a low infiltration rate cannot be sourced, the relatively low
average annual water savings would provide minimal environmental benefit, even if all savings were to be
transferred to the Commonwealth.

Options 3, 4 and 5 would result in annual water savings of 23,680ML in a 75% AWD year and 19,470ML in a 36%
AWD vyear. These water savings provide potential for significant environmental benefit. Synthetic lining
eliminates infiltration and while evaporation still occurs, it is by far the smaller component of losses.
Maintenance costs, particularly for the geofabric (Option 3), are higher than the ‘do nothing’ case and Option 2.
However, these may be funded with the additional production possible with modernisation. Furthermore, the
capital cost of the lining options is not significantly greater than for Option 2 and water savings may be up to
three times greater. The primary risk of the lining options is that some of them have not been used for irrigation
channels and are unproven. Again, this is particularly true for the geofabric (Option 3). Again, the on-farm
infrastructure upgrade would result in an increase of 27.3 full-time equivalent positions over Option 1. The $108
million net industry benefit results in cost-benefit ratios of 1.16 for the HDPE liner to 1.22 for the geofabric liner.

Option 6 would result in annual water savings of 24,790ML in a 75% AWD year and 20,360ML in a 36% AWD
year, with similar potential for considerable environmental benefit as the lining options. The pipe in this option
conveys the every day requirement during a 36% AWD year. Lining of the remainder of the channel in Division 1
is still required for times when greater volumes are to be delivered. The capital cost of Option 6 is therefore
much greater than for the lining options, and maintenance costs are similar. However, there are operational
benefits in utilising a pipe, and the pipe is likely to last well beyond 2030. If viewed over the lifespan of the pipe,
the cost-benefit ratio is likely to increase from 0.7 for the 20 years to 2030 to be well above 1. The increase in
full-time equivalent employment levels would also be sustained over a longer timeframe if a larger initial capital
outlay is injected into the scheme.

Option 7 would result in annual water savings of 24,830ML in a 75% AWD vyear and 20,420ML in a 36% AWD
year. Again, it would have similar advantages as Option 6 in terms of environmental and social benefits.
Maintenance costs would be lower than Option 6 and there is less liner to replace than for Option 6, so the
longevity of Option 7 is better again than Option 6. However, the capital cost is much higher than any of the
other options.

A potential benefit of upgrading Jemalong Irrigation District scheme channels would be the ability to deliver
targeted environmental water efficiently to Lake Cowal/Wilbertroy Wetlands, a priority system in the Lachlan
Catchment. Water currently cannot be delivered to Lake Cowal/Wilbertroy Wetlands directly from Wyangala
Dam as the lake is on a tributary of the Lachlan River. The most direct delivery mechanism is through the
Jemalong Irrigation District. If the members of the Jemalong Irrigation District continue to temporary transfer
water onto the scheme, upgrading scheme channels would result in not only the most efficient use of water for
production in the region, but the most efficient means of maximising environmental benefit.

The socio-economic benefits associated with all options that provide significant water savings include:

e Stable farm enterprises
e Increased income for farming families, particularly during times of low allocation
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e Greater flexibility in farm management and diversification in crop selection throughout the scheme
as well as encouraging more productive use of the irrigated land

e The retention of expertise including agricultural specialists, banking and professional services and
social support such as health and education resources

e Increased stability of small businesses, services and communities

e Increased likelihood of value adding enterprises increasing within the region following stable
production

e Increased quality of life, ability to provide children with a higher level of education and a reduction
in rural mental health issues and suicide

e lLong term sustainability of farming and national food production

e Promotion of amenity value and community identity

e Increased social well-being — attachment to place, access to social networks — increased ‘social
capital’

e Anincreased rate base for local government and decreased reliance on social support

Any of the four secure stock and domestic water delivery systems may be incorporated into the Modernisation
Options. This would provide further benefits including stock health, psychological benefits and water savings.

Irrigation modernisation of the Jemalong Irrigation District has very few identified disadvantages. There are
some risks though, primarily that, despite the capital investment in infrastructure the drought may continue and
the forecast benefits may not be derived for some time.

The Modernisation Options presented in this Irrigation Modernisation Plan provide valuable information on the
potential water savings that might be made if various upgrade technologies were to be implemented across the
entire scheme, and the cost of these technologies. Prior to development of an application for infrastructure
funding, should Jemalong Irrigation Limited wish to make one, rationalisation, the outcome of the Hotspots
desktop review, and refinement and optimisation of technologies for each channel reach should be considered.
It is also strongly recommended that scientific information on infiltration rates throughout the scheme be
collected to enable a more accurate portrayal of losses and to better target areas of higher losses.

Modernisation of the Jemalong Irrigation District is well aligned with the aims of the Sustainable Rural Water
Use and Infrastructure program. There is great potential to deliver substantial and lasting returns of water to the
environment through permanent transfer of a portion of up to 24,830ML to the Commonwealth Environment
Water Holder. Modernisation will secure a long-term future for the Jemalong Irrigation District and the regional
community by injecting approximately $5.4 million into the regional economy annually and supporting over 29
full-time equivalent positions. Finally, the preliminary benefit-cost ratio for the Modernisation Options
presented in this report show that modernisation has the potential to provide substantial benefit over and
above the capital cost of upgrade infrastructure, particularly if the social and environmental benefits are
considered.

-Xiv-
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1 INTRODUCTION

1.1 Background

This report presents the case for modernising irrigation infrastructure and associated stock and
domestic water reticulation within the Jemalong Irrigation District. Irrigation modernisation within this
section of the Lachlan Valley aims to produce sustainable water savings for the environment and to
ensure the future sustainability of the associated communities by underpinning their future with
technology that ensures the viability of the local irrigation farm enterprises.

The Lachlan River Basin consists of 9.1 million ha including 8.3 million ha used for agricultural
production. Irrigated agricultural area is about 10% of agricultural production, with the remaining 90%
of agricultural production encompassing dryland agricultural production of cropping and grazing
enterprises (Australian Government, 2007).

Irrigation development on the Lachlan River was initiated following the construction of Wyangala Dam
in 1935 and the Jemalong Weir in 1936. The primary function of Jemalong Weir was to provide for the
reticulation of stock and domestic water supplies with the additional benefits of providing for irrigation
supplies. The Jemalong Wyldes Plains Irrigation District commenced operation in 1941. In 1995 it
became the Jemalong Irrigation District, managed by an unlisted public company called Jemalong
Irrigation Limited.

The Jemalong Irrigation District is the only irrigation scheme on the Lachlan River, with 90,000ha of
farming land, including Jemalong Station and over 90 other commercial farms. Most of these enterprises
are underpinned by some irrigation capacity, with an approximate total of 23,000ha of irrigation
development throughout the district (WLP 2009).

The Jemalong Irrigation District has a direct relationship with its surrounding rural community. Irrigation
is a fundamental component supporting all facets of primary production typical to Central West New
South Wales including mining, urban and rural domestic living and all of the associated industries and
frameworks that constitute a productive regional economy. The social fabric of small rural communities
is also closely aligned with their economic well being. The contemporary trend in rural to urban
migration is directly influenced by declining industry and the resulting reduction in the foundations on
which rural economies are built. Stock and domestic water delivery through scheme channels is also
vital to the district.

Climate change is imposing a new perspective of water use and water availability in the region. The
recent reduction in water availability has refocussed the attention on water use and mechanisms to
achieve water security for the environment, food production, and sustainable rural and urban
communities. With long range forecasts and climate change modelling predicting a general transition
toward a warmer and drier climate, the implications for agriculture include the need to examine options
for, and adjustment to, more efficient use of available water and resources.

Adapting for climate change will involve the development of supply systems, farming practices and
management techniques that are both flexible and responsive to greater fluctuations in water
availability. The options for maintaining viable irrigated farming will encompass a range of management
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techniques across all aspects of irrigation: the scheme conveyance system, storage, reticulation and
application of irrigation water. Additional on-farm changes include the production of less water
intensive crops whilst maintaining return per megalitre, changing farm rotations for seasonal water
fluctuations, sowing crops on soils which contain a sufficient moisture profile and securing on-farm
water supplies to finish crops and support livestock and domestic dwellings.

The average annual general security available water determination for the purpose of this report has
been estimated as 43% for the short term and 36% at the year 2030. It must be noted that prolonged
drought conditions have reduced available water determinations for the previous six years to an
average of 4%.

Therefore, the emphasis of this report is a focus on modernisation options for the enhancement of
water security for effective water use in low to medium allocation years. This is essential to ensuring a
consistent level of production is maintained for the benefit of the region.

1.2  Irrigation Modernisation Planning

The Sustainable Rural Water Use and Infrastructure program, under which this report is funded, is part
of the Australian Government’s $12.9 billion Water for the Future long-term framework to secure the
water supply of all Australians. Initiatives under the program will also assist irrigation communities to
make adjustments in anticipation of new Murray-Darling Basin management arrangements and Basin
Plan incorporating the effects of climate change. The Sustainable Rural Water Use and Infrastructure
program aims to fund projects that will provide for:

e The delivery substantial and lasting returns of water for the environment;
e The long-term security of irrigation communities; and
e The delivery of value for money outcomes in the context of the first two tests.

In the development of modernisation options for the Jemalong Irrigation District that meet these
criteria, this Irrigation Modernisation Plan addresses the following key components:

e An assessment of water efficiency issues on farm

e Assessment of land capability issues on farm

e Evaluation of existing scheme operations and associated water use

e Determination of water losses in scheme channels and on farm

e Identification of water saving technologies for scheme channels and on farm and their
applicability

e Consultation with key stakeholders

e Assessment of the socio-economic factors that will be influenced by modernisation of irrigation
infrastructure in the region

o Assessment of the environmental factors associated with water use in the Lachlan River Valley
and the impact of irrigation modernisation

e Assessment and determination of the legal implications associated with modernisation,
particularly with regard to water transfers
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1.3  On-Farm Water Efficiency Plans

The On-Farm Water Efficiency Plans project is being undertaken by Western Land Planning Pty Ltd (WLP)
in conjunction with this irrigation modernisation plan. Jemalong Irrigation Limited has facilitated the
resources required for the On-Farm Water Efficiency Plan development and has made considerable
investment in the co-ordination and management of this project. The principal objective of the On-Farm
Water Efficiency Plans is to develop an on-farm option for future irrigation infrastructure modernisation
of each farm in the Jemalong Irrigation District, in conjunction with the farmer. Options suited to soil
type and anticipated future enterprise, which will substantially increase the efficiency of water use and
enhance environmental value.

The plans identify on-farm water infrastructure inefficiencies and potential infrastructure upgrades to
improve efficiencies on a farm-by-farm basis. Estimates validating the size and scale of on-farm irrigation
inefficiencies consider evaporation and infiltration from reservoir storage, infiltration rates from
conveyance channels and inefficiencies in crop water application. Typical on-farm options include:

e Upgrade of crop application techniques (e.g. from flood to upgraded flood, spray or drip
irrigation) for high priority irrigation fields with suitable soil types. The total area of proposed
upgrades relates to anticipated future average water availability.

e Piping stock and domestic water deliveries directly to tanks and troughs. Significant water
savings can be made with enclosed stock and domestic systems instead of using earth farm
dams. Water in these systems can be managed by a digital telemetry network.

e Reduction of water reservoir plan area. Such reservoirs are required to guard against crop
failure resulting from water delivery scheduling or temperature fluctuations. However,
infiltration and evaporation can be reduced by making storages deeper, lining and reducing their
plan area.

e Improvement of the alignment and structural integrity of supply channels and head ditches, tail-
water disposal and water recycling networks, particularly in areas with soil types prone to
comparatively high infiltration rates.

e Sections of the property/s are identified for the establishment and/or conservation of native
vegetation and wetland areas. These areas are proposed to be fenced for livestock management
for the duration of and following development.

e Sections of the property/s with established border windbreaks will be further developed to
provide additional top soil protection and soil moisture retention and connecting wildlife
corridors.

e Identification of, and remediation options for areas of soil degradation and promotion of
sustainable farming practices.

1.4 Environmental Assets that might benefit from Modernisation of the Jemalong
Irrigation District

There are significant environmental assets within the Lachlan River catchment that would benefit from
additional water that might be made available through modernising irrigation, including wetlands and
floodplains of national importance. There is evidence that the growing use and demand on water for
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agriculture, industry and domestic needs, is contributing to environmental stress within the river and in
particular, important these wetland areas.

Wetlands listed in A Directory of Important Wetlands in Australia within the Lachlan Catchment include
the following:

e Booligal Wetlands

e Cuba Dam

e Great Cumbung Swamp

e Lachlan Swamp (Part of the mid-Lachlan Wetlands)
e Lake Brewster

e Lake Cowal/Wilbertroy Wetlands

e Lake Merrimajeel/ Murrumbidgil Swamp

e Merrowie Creek (Cuba Dam to Chillichil Swamp)

There are also many smaller wetlands that have become disconnected from the river due to changed
flood regimes associated with regulation. These sites plan an important role in linking together the main
wetlands.

River health is another critical environmental asset that stands to benefit greatly from any additional
water that might be made available through modernising irrigation infrastructure.

These water ecosystems provide habitat for several vulnerable and endangered species.

Figure 1.1 A section of the Great Cumbung Swamp

Source: Google Earth
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2 BASELINE CONDITIONS IN THE MID-LACHLAN CATCHMENT

2.1 Geographical Location

The Jemalong Irrigation District lies within the Lachlan Catchment in the central west of New South
Wales. The Lachlan Catchment comprises 8% of the Murray-Darling Basin. It is bounded to the east by
the Great Dividing Range, the Macquarie and Bogan catchments to the north, the Darling to the west
and the Murrumbidgee to the south.

The Jemalong Irrigation District is approximately 25km south-west of Forbes, which is approximately
370km west from Sydney. The scheme lies within (147.36°E, 33.29°S) to the north-west and (147.77°E,
33.66°S) to the south-east. The scheme’s off-take from the Lachlan River is at the north-eastern corner
at (147.78°E, 33.4°S). Figure 2.1 shows the location of the Jemalong Irrigation District.

Figure 2.1 Location of the Jemalong Irrigation District

The Mid-Lachlan Catchment is defined for this report as the area bounded by Forbes to the east and
Lake Cargelligo to the west. The Mid-Lachlan Catchment area has a narrow north-south axis with an
approximate distance of 150km at its widest and most easterly point.

The town of Forbes provides the bulk of the facilities required for the Jemalong Irrigation District’s
operation. Forbes is located on the Newell Highway, the primary inland transport link between
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Melbourne and Brisbane. The town’s location also provides commercial and industry links with other
rural service centres such as Parkes, Condobolin and West Wyalong and convenient road access to the
ports of Adelaide and Newcastle.

2.2  Environment and Ecology in Focus
2.2.1 Topography

The topography of the Lachlan Catchment may be broadly divided into three zones — the upper, mid-
and lower catchment (CSIRO 2008). The upper catchment is characterised by elevated undulating
country of the western slopes of the Great Dividing Range. The mid-catchment is characterised by
undulating landscape and fertile alluvial floodplains adjacent to the watercourses and includes the
section of river between Wyangala Dam and Lake Brewster. The lower catchment includes the area west
of Lake Brewster and includes the broad alluvial floodplain (CSIRO, 2008).

The Lachlan River is unique within the Murray-Darling Basin in that it is the only major river that is
classified as terminal. The relatively level topography of the alluvial plains of the downstream sections of
the Lachlan River allows it to form a series of anabranches and floodplains that terminate in the Great
Cumbung Swamp, 100km north east of Mildura. During large flood events, flow may spill through the
swamp into the Murrumbidgee River.

Jemalong Irrigation District is positioned approximately half way along the course of the Lachlan River
within the mid-catchment. The gently sloping topography of the district is mainly comprised of
floodplains, backplains and the meander plains of intermittent and previous water courses.

There are two significant landforms that influence the direction of the Lachlan River as it moves through
the district. The Jemalong Ridge is a narrow elevated landform with a north east to south west axis and
the Manna Range to the west. The most dominant feature of the Jemalong Irrigation District and
corresponding land units is the extensive prior stream floodplain formation of the Warroo Prior Stream.

2.2.2 Geology and soils

The underlying geology of a landscape has a strong influence on the landform, soils and the resulting
suitability of the landscape for agricultural use. The eastern fringes of the Murray-Darling Basin have
been shaped by a continual process of erosion and deposition from the volcanic and sedimentary uplifts
of the eastern escarpment. Sedimentary material transported by rivers such as the Lachlan River has
been deposited in large, level formations across the western slopes and plains, creating areas of deep,
fertile soils.

The Jemalong Irrigation District is supported by a geological structure that provides the landform and
soils capable of sustaining intensive agricultural production. The area consists of three significant
geological formations that have resulted from movements in the Lachlan fold belt approximately 400 -
500 million years ago.

The Jemalong Range is a significant feature of the region. The Jemalong Range is oriented along a
general north-south axis and is responsible for channelling the Lachlan River in a westerly direction
through a narrow split in the geological structure. The Jemalong Range consists of uplifted sandstone
sediments from the Devonian period 400 million years ago.
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Figure 2.2 Jeamlong Range with the Lachlan River cutting through

Source: Google Earth

The Manna Range forms the south-western boundary of the Jemalong Irrigation District, running from
south-east to north-west. It has similar geological characteristics to the Jemalong Range. Together these
ranges have a notable influence on the landscape and soils of the district.

The Jemalong-Wyldes Plains formation is nested between the Jemalong and Manna Ranges. The plains
formation is derived from consolidated and unconsolidated alluvial material deposited within the
confines of the ranges including Aeolian sand and alluvial deposits. The Jemalong-Wyldes Plains
formation supports most of the Jemalong Districts agricultural activity.

Soil types of the Jemalong Irrigation District are the result of alluvial deposits left by the action of wind
and water over many years. These soil types vary between Grey-Brown Vertosols (clays), Red-Brown
Chromosols (clay loams), Red-Brown Kandosols (loams), and Red-Brown Tenosols (sandy loams). The
general landform is shaped mainly as relatively flat alluvial plains with smaller areas comprised of
elevated, eroded ridges and resistant rock outcrops. Sodicity and saline characteristics can occur
naturally, particularly amongst the red earths. Vertosols may carry a degree of self-mulching with
shrink-swell characteristics which can form Gilgai surfacing, leaving depressions and channel formations.
Sandy loam surfaces are common adjacent to prior stream beds and meander plains. They may also
constitute low rises and foothills. The alluvial landscapes generally consist of clay loam surfaces grading
to medium clay at depth. These soil profiles provide for effective water holding capacity and reduction
of water movement through the soil profile, making them highly suitable to agricultural production.

2.2.3 Climate, rainfall and runoff

The climate affecting the Mid-Lachlan Catchment is temperate with hot summers and cool winters, as
described by the Koéppen classification. On average, monthly rainfall totals are distributed evenly
throughout the year, but rainfall occurs on more days throughout the winter.
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Average temperatures in all seasons are sightly cooler in the east and warm gradually toward the west.
Temperatures for the region range from an average minimum of 18°C to an average maximum of 33°C in
summer, and an average minimum of 2°C to an average maximum of 14°C in winter. Similarly, rainfall
averages are slightly higher towards the east with Forbes averaging 526mm (recorded 1875 — 1998), and
decrease gradually towards the west, averaging 429mm at Lake Cargelligo (recorded 1881-2009).

There is a moderate to high degree of variability from the average or expected conditions, with seasonal
conditions being subject to extremes. Maximum temperatures can be expected to exceed 35°C on 33
occasions each year, while winter temperatures will, on average, fall below 0°C on 15 occasions each
year.

Sustained periods of below average rainfall are a reasonably common feature and are a limiting factor
for the region’s water availability.

However, the occurrence of below average rainfall in the Mid-Lachlan Catchment since 2001 has been
longer than usual and is consistent with the general trend across south eastern Australia in recent years.
Meteorological records at Forbes Airport which have been recorded since 1995 show a decrease of
51mm or 10% when compared to the data recorded for Forbes since 1876 and 1999. In the past 10 years
the annual rainfall recorded in Forbes has been as low as 159mm (in 2006) to as high as 687mm (in
1999) (Bureau of Meteorology, 2009). Rainfall records at the Condobolin Agricultural Research Station
show an 81mm reduction in average rainfall from 1995 to 2008 compared to the long-term average
since 1955 (Bureau of Meteorology, 2009). This represents an 18% reduction. Figure 2.3 illustrates a
marked decline in annual rainfall as averaged across several gauging stations within close proximity to
the Jemalong Irrigation District, particularly when comparisons are made with the period 1950-2000.

Figure 2.3 Historical rainfall data surrounding the Jemalong Irrigation District
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The prevalence of drought conditions throughout the region at present has been reflected in a decrease
in run-off across the Mid-Lachlan Catchment. The lack of available run off to replenish the region’s dams
and storages has meant that full irrigation entitlements have not been available since the 1998-1999
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cropping season. Additionally, a report by the CSIRO concerning water availability in the Lachlan (CSIRO
2008) demonstrates the critical balance between rainfall and run-off, where an 8% decrease in average
annual rainfall coupled with higher than average temperatures has resulted in a 24% decrease in run-off
for the period 1997-2006. The CSIRO report states that this difference is not statistically significant due
to high inter-annual variability. However, the sustained period over which this reduction in runoff has
occurred has had significant impact on local communities and the environment. A reduction in cash-flow
through a community over several years can lead to closures of services and businesses. Similarly, the
reduction in breeding events over several years can have devastating impacts on waterbirds.

Figure 2.4 Difference between 1997-2006 and 1895-2006 rainfall and runoff in the Murray-Darling Basin

Source: http://www.clw.csiro.au/conferences/GICC/chiew.pdf

2.2.4 Surface water and water ecology

Catchment areas may also be described as drainage basins. In broad terms this means that any water
falling within a catchment area will either infiltrate into the soil, be captured in surface storages or form
part of the surface water flow. Once water becomes part of the surface flow it will flow toward the
lowest point within the catchment area, generally as a river.

The Lachlan River represents the outlet for surface flow within the Lachlan Catchment. At 84,700 km? in
area, the Mid-Lachlan Catchment is a drainage basin of considerable size. Within this area there are a
number of creeks and tributaries that join the Lachlan River.

Lachlan River

The Lachlan River catchment headwaters are located on the western slopes of the Great Dividing Range.
The Upper Lachlan River catchment forms a drainage basin covering an area between Blayney and
Gunning at an altitude of approximately 900m AHD.

It flows over 150km north-north-west before it is impounded by Wyangala Dam, 30km south-east from
Cowra. Wyangala Dam is the only major dam regulating the flow of the Lachlan River, supplying
irrigation, urban, rural stock and domestic and mining water requirements.
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The Lachlan falls through a relatively steep, north-westerly descent for a short distance before reaching
the level alluvial plains of the Mid-Lachlan Catchment area to the west of Cowra.

The Mid-Lachlan Catchment is notable for providing the natural resources for a productive agricultural
industry. The Mid-Lachlan Catchment is the only area where off-river irrigation occurs. Flowing west of
Forbes through the Jemalong Range, water is diverted from the Lachlan River at the Jemalong Weir, 23
kilometres west of Forbes supplying the irrigation water for the Jemalong Irrigation District.

From the Jemalong Range, the Lachlan River flows north-west to Condobolin and west a further 45km
before turning south-west. It passes Lake Cargelligo and Lake Brewster. These are two off-line storages
systems which can be used to re-regulate water in the Lachlan River. Lake Cargelligo represents the
western margin of the Mid-Lachlan Catchment area.

The Lachlan River is forced slightly north around the Lachlan Range, then follows a south westerly
direction, through Hillston and towards Balranald in southern New South Wales. The flat topography
between Lake Cargelligo and the Hay Plain causes the Lachlan River to form a series of braided channels
that provide water for the Booligal Wetlands and later the Great Cumbung Swamp near Oxley. The
Lachlan River discharges its waters into this extensive wetland system at an average rate of 3,456ML per
day (CSIRO Sustainable yields, 2008).

The Lachlan River is only intermittently connected to the Murrumbidgee River when both rivers are in
flood. The Lachlan River serves as a connecting corridor for the wetland environments which together
provide essential habitat for many of the Murray-Darling Basin’s endangered plant and animal species.

Tributary Rivers and Creeks

There are two main tributaries that join the Lachlan River in the upper catchment area. The
Abercrombie River is a primary tributary, converging with the Lachlan immediately upstream of
Wyangala Dam. The Belabula River joins the Lachlan River downstream of Wyangala Dam near the town
of Cowra. The upper reaches of the Belubula River flow into the Carcoar Dam, which provides 36,400ML
of storage for downstream users on the Belabula River system.

Other tributary creeks of the Lachlan River include: Bland, Mandagery, Goobang, Gunningbland,
Humbug and Booberoi.

Distributary Rivers and Creeks

There is significant braiding of the Lachlan River and distributaries surrounding Condobolin. Bumbuggan
Creek, Wallamundry Creek and Wallaroi Creek are all intermeshed throughout this area.

Downstream of Lake Cargelligo Willandra Creek, Middle Creek, Merrowie Creek, Box Creek, Merrimajeel
Creek and Muggabah Creek branch off from the Lachlan River.

Wetlands of National Significance

Along with the Lachlan River, these tributaries and distributaries offer the physical environment
necessary for wetland systems to occur. Wetlands of national significance in the Lachlan Catchment
include:

e Booligal Wetlands
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e CubaDam

e Great Cumbung Swamp

e Lachlan Swamp (Part of the mid-Lachlan Wetlands)
e Lake Brewster

e Lake Cowal/Wilbertroy Wetlands

e Lake Merrimajeel/ Murrumbidgil Swamp

e Merrowie Creek (Cuba Dam to Chillichil Swamp)

These wetlands provides habitat for a number of vulnerable and endangered species including;

e Australasian Bittern Botaurus Poiciloptilus. The Australasian Bittern finds habitat and refuge in
dense wetland vegetation. The Australasian Bittern is listed by NSW DECC as vulnerable, with the
reduction in the size and condition of wetland habitat providing the main threat to the species
survival.

e Black necked stork Ephippiorhynchus Asiaticus. The Black Necked Stork is Australia’s only stork
species. Inland freshwater wetlands are essential to the breeding cycle of the Black Necked Stork,
providing the shelter and building material required for nests of up to two metres in width. The
decline and degradation of wetlands are the main threats to the species, currently assessed by
NSW DECC as endangered

e Blue Billed Duck Oxyura Australis. The Blue Billed Duck is one of only two native Australian
diving ducks. The Blue Billed Duck is completely aquatic and requires wetlands with dense
aquatic vegetation for habitat and breeding.

e Macquarie Perch Macquaria Australasica. A species of fish once widespread throughout the
Murray-Darling Basin. Alteration of riparian environments has reduced its habitat to large pools
of water which are relatively free of suspended sediment. The Macquarie Perch is listed as
vulnerable in NSW under the Threatened Species Act, 1995.

e Austral Pillwort Pilularia Novae-Hollandiae - A semi aquatic, grass like species of fern listed by
DECC as endangered. Lake Cowal supports the only known extant population in NSW.

Lake Cowal/Wilbertroy Wetland

Lake Cowal is situated 50 km south west of Forbes and is recognised as the state’s largest natural inland
lake. The wetland Lake Cowal is home to a variety of vulnerable and endangered plant and animal
species.

The Wilbertroy Wetland System is an ephemeral wetland that connects the Lachlan River to Lake Cowal.
The ecology of the wetland is adapted to regular periods of drying.

The Lake Cowal/Wilbertroy Wetland System is part of the Bland Creek catchment that drains surface
water from the area in and around the Jemalong Irrigation District. It provides drought refuge both in
area, diversity of habitat types and availability of resources. As an ephemeral wetland, the system will
on average contain water for seven out of every ten years, providing a fairly reliable source of water for
migratory birds. The lake is on the Register of the National Estate and in the Directory of Important
Wetlands, and it is listed as a Landscape Conservation Area by the National Heritage Trust.
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Booligal Wetlands

The Booligal Wetlands cover approximately 5,000ha in the Lower Lachlan region near the township of
Booligal, north of Hay (CSIRO, 2008). The wetlands consist of sections of the braided channel formation
of Merrimajeel, Merrowie and Muggabah Creeks, which are distributaries branching from the Lachlan
River. The importance of the Booligal Wetlands is recognised by its inclusion in the National Directory of
Important Wetlands.

The natural cycle of the wetlands involves infrequent floods from the water supplied by the Lachlan
River. These wetlands are significant for the large numbers of waterbirds that congregate to breed and
forage in the area during flood years, attracted by an array of aquatic macrophytes that colonise the
creeks and swamps following inundation (DEWHA Australian Wetlands Database, 2009). The area is
considered to be one of the top five breeding sites for the Straw-necked (Threskiornis spinicollis), White
(T. mollucca) and Glossy Ibis (Plegadis falcinellus), with several state vulnerable species also recorded at
the site, including Freckled Duck (Stictonetta naevosa) and Blue-billed Duck (Oxyura australis) (CSIRO,
2008).

The Booligal Wetlands remain in a relatively natural condition and provide a representative example of
inland floodplain wetlands.

Lake Cargelligo

Lake Cargelligo is a significant water resource for the Mid-Lachlan Catchment. The lake is situated on a
natural depression adjacent to an anabranch of the Lachlan River. Lake Cargelligo is a regulated water
body in that water can be delivered to this storage from the Lachlan anabranch. Lake Cargelligo offers
tourism and recreation facilities as well as a reliable water supply to the surrounding area.

Great Cumbung Swamp

The Great Cumbung Swamp represents the terminus of the Lachlan River and is adjacent to the
Murrumbidgee River. This extensive wetland system is more than 500km in length and covers a
combined area of 16,000ha (Australian Wetlands Database, 2009). The Great Cumbung Swamp is a
permanent freshwater “Reed Wetland”, although the area of the swamp varies with water availability.
Its name is a derivative of the aquatic plant species cumbungi typha angustifolia that occurs along the
more frequently flooded stream lines. Common Reed (Phragmites australis), river red gum (Eucalyptus
camaldulensis) and Black Box (E. argiflorens) woodland also cover large areas of the swamp. The
wetland provides sheltered habitat and refuge for the breeding sites of waterbirds including Freckled
Duck (Stictonetta naevosa) and Blue-billed Duck (Oxyura australis). The complex ecology of this wetland
environment is sustained by a flood flows from the Lachlan River.

Lake Brewster

Lake Brewster is situated on the Lachlan River floodplain between Lake Cargelligo and Hillston. The lake
occurs naturally as a shallow wetland but has been modified, with the inflow and outflow of water
regulated by a weir. Lake Brewster has large patches of Cumbungi and is significant for providing refuge,
habitat and breeding requirements for water birds.
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Cuba Dam

Cuba Dam refers to the constructed wall designed to regulate the flow of Merrowie Creek, a distributary
of the Lachlan River. The purpose of the dam is to store water for stock and domestic purposes;
however the construction of Cuba Dam and numerous other examples situated within this floodplain
area have created a persistent wetland corridor. The combined wetland area is nationally significant for
attracting many water birds including an exceptional number of Ibis.

Lachlan Swamp

The Lachlan Swamp is part of the Mid-Lachlan Wetlands, an extensive wetland system located on the
floodplains of the Lachlan River north of Hay. This wetland system comprises of a series of smaller lakes
including Lake Waljeers, Peppermint Swamp, Lake Bullogal and Ryans Lake. The waters from each lake
combine with the flow of the Lachlan River during flood events. The Lachlan Swamp supports extensive
remnant ecological communities of River Red Gum and Black Box vegetation that rely on the flooding
and drying cycles of this shallow wetland.

2.2.5 Ground water, salinity and water table management

Groundwater aquifers in rural Australia are an important resource for irrigation, stock and domestic,
industrial and urban water requirements. Surface water and groundwater resources are highly
integrated, the intrinsic link coming through groundwater recharge or discharge.

The Jemalong Irrigation District is perched on the Lachlan and Cowra groundwater formations. Both
formations are responsible for the movement and drainage of water from the soil profile.

The Lachlan formation lies approximately 100m below the surface. Groundwater in the Lachlan
formation flows in a northward through to a westward direction, similar to surface water. The Cowra
formation is a more shallow formation and therefore lies between the Lachlan formation and the
surface. Groundwater in the Cowra formation drains predominately toward the west to north-west.

The CSIRO Sustainable Yields report Water Availability in the Lachlan (2008) indicates a moderately high
level of development of the Mid-Lachlan Regions available groundwater resources. Groundwater in the
region services household, livestock, industrial mining, recreation, and some irrigation requirements.
The report outlines groundwater supply and extraction rates from the more highly permeable Lachlan
formation.

The quality of groundwater in the Jemalong Irrigation District is largely well within the acceptable
standards required for stock and domestic use. A source of good quality groundwater is essential in
securing household and livestock water resources, particularly where irrigation and stock and domestic
water supply is mutually dependent. Groundwater resources are however not infinite, and a sustainable
yield index is critical for the management and continued availability of groundwater resources.

Fluctuations in, and modifications to, surface water flow can affect the rate of recharge in groundwater
systems. A major contributor to groundwater accession in the Jemalong Irrigation District is recharge by
floodwater. Another contributor is seepage below irrigation channels and fields.
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Rising groundwater tables have previously become evident throughout the Jemalong Irrigation District
with the associated surface problems of water-logging and salinisation apparent. A groundwater mound
developed in the shallow alluvial groundwater system of the Cowra formation. Rising groundwater
tables forced the reversal of the natural groundwater flow direction in some areas. During more recent
times, with management by Jemalong Irrigation Limited and reduced rainfall and flooding producing less
recharge, water table levels have fallen. The 2007-08 Jemalong Irrigation Annual Report shows that the
water table under the majority of the scheme was more than 6 metres below surface level. The volume
of saturated soil for the whole Jemalong Irrigation District was below levels experienced in 1969.

Water accumulates salts as it moves through the soil. When a rising groundwater table is close to the
surface, water is drawn to the surface by surface tension force and evaporated. This induces the
accumulation of dissolved salts in the soil profile.

In areas where rising groundwater tables occur, the presence of concentrated salt and mineral particles
can adversely affect plant growth and lead to a reduction in the fertility and productive capacity of the
land. In agricultural areas, seed germination and plant growth is retarded, affecting crop yields and
ground mass for livestock grazing. In vegetation communities plant regeneration is inhibited, leading to
a decline in the structural composition of the plant community.

The management of groundwater in the Jemalong Irrigation District was identified as a critical issue in
The Jemalong Land and Water Management Plan and resulted in large scale monitoring and
management procedures. To help reduce the impact of irrigation on water tables, the On-Farm Water
Efficiency Plan project is assessing the drainage capacity of the land where irrigation occurs.

The recommended model for efficient irrigation includes direct sensing and responsive management of
soil water content in the upper soil profile. This model aims to alleviate rising groundwater levels by
eliminating over-watering and reducing deep drainage as a result of irrigation. Where rising water tables
are evident, plant regeneration programs will assist in enhancing on-farm sustainable management
practices by removing excess water from the soil profile.

Modernisation planning for the proposed development of scheme infrastructure will have a profound
influence on groundwater management. Options for scheme modernisation will enable improvements
in water delivery infrastructure to substantially minimise or eliminate current rates of water accession
into groundwater aquifers.

2.2.6 Vegetation, habitat and fauna

Vegetation communities throughout the Jemalong Irrigation District are described using the Broad
Vegetation Types (BVTs) provided by the NSW Department of Environment and Conservation (DEC,
2006).

The composition and species assemblage of the Jemalong Irrigation District ecological communities are
indicative of an Open Grassy Woodland ecosystem. Dominant communities identified are recorded with
reference to listed ecological communities on the DEC database. These include:

e BVT 15 - Cyprus Woodland
e BVT 20 — Grey Box-White Cyprus Pine-Poplar Box-Smooth Barked Coolibah on red earths (co-
dominant throughout area)
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e BVT 30— River Red Gum riparian woodland/forest on floodplains
e BVT 31 - Black Box woodland/forest on floodplains

e BVT 58 — Myall Open Woodland (co-dominant throughout area)
e BVT 71 —Poplar Box Woodland

e BVT 72 —Belah Open Shrubland

These vegetation communities are widely distributed across the Jemalong Irrigation District. They
support the habitat requirements for many animals endemic to the area as well as providing significant
nesting areas for migratory birds.

The ongoing conservation of these environments has been given a strong emphasis in the planning
objectives of the Jemalong Irrigation District. Vegetation management strategies outlined in The
Jemalong Land and Water Management Plan and On-Farm Water Efficiency Plans have been widely
embraced by farmers in the Jemalong Irrigation District with funding opportunities available under the
Department of Environment and Climate Change’s Grassy Box Woodland conservation program.
Farmers have recognised the value of planting of new vegetation for windbreaks, shade and shelter and
on-farm biodiversity resources.

2.3 Socio-Economics and Culture in Focus

2.3.1 Population and demographic

There are 27,420 people living in the Mid-Lachlan region as defined in this report. An analysis of the age
of this population reveals that there are fewer people in the 20-35 age bracket in the Mid-Lachlan
compared to Australia as a whole. Figure 2.5 illustrates that 16% of people in the Mid-Lachlan region are
between the ages of 20 and 35, compared to 20% for Australia as a whole. These figures are consistent
with known issues associated with rural demographics: there are fewer employment, education and
social opportunities for younger people as a whole in rural areas.

Figure 2.5 Age by sex for the Mid-Lachlan compared to the whole of Australia
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The lower proportion of people ages 20-35 results in a greater proportion of people aged below 15 and
over 65. This imbalance can place further strain on social and welfare structures.

The indigenous population of the Mid-Lachlan, at 8.4%, is more than double the average for NSW at 4%
and nearly four times the national average of 2.3%. This fact has implications on the importance of
employment within the region as long-term stable employment is especially essential for the indigenous
population.

The population of the Mid-Lachlan region has decreased slightly in recent years from 28,236 people in
2001 to 27,420 people in 2006. ABS data from 2005 indicates that economic considerations were the
most significant reasons why people left the outer regions and remote areas of Australia within the
study period. Much of this may be attributed to decreasing employment opportunities within the
agricultural sector associated with reduced water availability and flow on effects because of this.

2.3.2 Education and employment

There is a high level of education within the ABS Collection District that best represents the Jemalong
Irrigation District. Table 2.1 shows that the Jemalong Irrigation District has a higher proportion of people
that have completed Bachelor Degrees compared to Australia as a whole. A high proportion of people in
the district have also completed an Advance Diploma or Diploma level compared to the national
average. In addition, there are generally fewer people in rural areas that have attained postgraduate
degrees compared to the whole of Australia; however the proportion of this level of education within
the Collection District that best represents the Jemalong Irrigation District is similar to the national
average.

Table 2.1 Level of Education above High School

Jemalong

Irrigation
Education Level District Australia
Postgraduate Degree Level 6% 6%
Graduate Diploma and Graduate Certificate Level 0% 1%
Bachelor Degree Level 36% 28%
Advanced Diploma and Diploma Level 24% 17%
Certificate Level 34% 41%

Source: 2006 ABS Census of Population and Housing

In addition to educational qualifications beyond high school, the Jemalong Irrigation District has a similar
level of people completing Year 12 and Year 10 compared to Australia as a whole.

This high level of education within the Jemalong Irrigation District indicates that farming and farm
business management practices in the region are likely to be of a high standard.

Agriculture is the largest industry of employment within the Mid-Lachlan Region, with 15% of persons
employed working in this industry. The other main industries of employment are shown in Table 2.2.
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Table 2.2 Major industries of employment within the Mid-Lachlan Region

Industry of Employment Percent Employed
Agriculture, Forestry and Fishing 15%
Retail Trade 13%
Health Care and Social Assistance 10%
Education and Training 8%
Accommodation and Food Services 7%
Public Administration and Safety 7%
Manufacturing 6%
Construction 6%
Mining 4%
Wholesale Trade 4%
Professional, Scientific and Technical Services 3%

These figures demonstrate the importance of agriculture to the regional economy and community
sustainability. The next three largest employment industries: Retail trade; health care and social
assistance; and education and training are also likely to be highly impacted by the number of positions
available within agriculture.

2.3.3 Household income, annual household expenditure

The median weekly income for the ABS Collection District that best represents the Jemalong Irrigation
District in 2006 was $400-599, which was the same as the average for Australia in that year. Jemalong
Irrigation Limited delivered 18% of the general security entitlement to shareholders in this year after
transmission losses were accounted for. This demonstrates that the Jemalong Irrigation District is able
to provide substantial financial support to the surrounding community if it's able to have water
delivered.

This is particularly important if the median weekly income for the broader Mid-Lachlan region of $250-
399 is considered. Irrigation within the region is vital to the financial sustainability of surrounding
communities.
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3 BASELINE WATER AVAILABILITY AND MANAGEMENT

3.1 Regulated Lachlan River management and operation

3.1.1 History of Water Development

The construction of the Wyangala Dam in 1935 marked the commencement of water regulation in the
Lachlan River. Since this time, off-river lakes Lake Brewster and Lake Cargelligo have been regulated
with inflow and outflow management structures. Various other weirs and diversion structures have also
been constructed on the River, including the Jemalong Weir. These structures have altered the pattern
and volume of the flows in the Lachlan River considerably (DIPNR 2004).

In 1997 the Lachlan River Management Committee was established to provide advice for the creation of
environmental flow rules. The Committee was made up from representatives from a wide range of
stakeholder groups that included the irrigation industry, indigenous communities, local government and
state government agencies such as the Fisheries and National Parks and Wildlife Service (DIPNR 2004).

In 2001 the Minister for Land and Water Conservation asked the committee to make recommendations
on water sharing rules for the Lachlan and as a result a draft Water Sharing Plan was prepared. In 2004
the statutory Water Sharing Plan for the Lachlan Regulated River Water Source 2003 took effect.
However, the Lachlan was in drought prior to this time and continues in this state. The rules under the
Water Sharing Plan have therefore never been enacted. The Lachlan Regulated River Source is managed
under the relevant Drought Contingency Plan.

Currently, the average surface water availability is 1,139GL/year, and about 321GL/year (28%) of this is
used. This is a moderately high level of development and includes surface water diversions that total
292GL/year and eventual stream flow loss that is induced by current groundwater use. Groundwater use
is about 236GL/year or 45% of total water use (CSIRO 2008). Flows in the Lachlan River are highly
regulated, with Wyangala Dam regulating 68% of all inflows. General Security water in the system is
highly utilised at approximately 71% (CSIRO 2008).

3.1.2 Institutional Arrangements

State Water is the rural bulk water delivery corporation for New South Wales. State Water manages and
operates the dams and weirs on the Lachlan River, monitors usage, manages customer accounts, bills
and collects bulk water charges.

Available Water Determinations (AWDs) are the responsibility of the NSW Department of Water and
Energy (DWE), supported by State Water, as discussed in greater detail in Section 3.1.4.

Ownership and maintenance of licensed extraction meters currently rests with the water supply work
approval holder, with meter readings taken by State Water. A $90 million dollar program announced in
July 2008 is aimed at replacing all privately owned extraction meters with patent approved extraction
meters that that will be owned, maintained and managed by State Water.

Water pricing is set by the Independent Pricing and Regulatory Tribunal (IPART).
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3.1.3 Lachlan Regulated River Water Entitlements

The Water Sharing Plan lists the following access license categories and share components for the
Lachlan Regulated River Source. The Water Sharing Plan notes that these values are estimates of what
was considered likely at the time of commencement of Part 2 of Chapter 3 of the Water Management
Act 2000. Details of the actual licensed share components held by State Water are provided in Table 3.2

Table 3.1 Access licence share components detailed in the Water Sharing Plan

Share type Priority Entitlement ML/yr

Basic rights

Stock & Domestic None

Native Title None

Extraction

Total Licensed Long Term Extraction 305000

Local Water Utilities High 15539

High Security Access High 26472 (shares)

Conveyance High 999.4
General 16911.6

Stock & Domestic High 13100

General Security Access Medium 592847 (shares)

Environmental Provisions
Total Environmental share 907000*
Environmental Allocation High 350000** (shares)

*By limiting long-term average annual extractions to an estimated 305,000 ML/y this plan ensures that approximately 75% of the long-term
average annual flow in this water source (estimated to be 1,212,000 ML/y) will be preserved and will contribute to the maintenance of basic
ecosystem health.

** An allowance for replenishment flows to be provided for the environment and unregulated river access licences if required, of up to 12,000
ML/y to Willandra Creek; 9,000 ML/y to Marrowie Creek; 9,000 ML/y to Torriganny/Muggabah/Merrimajeel Creeks; and 12,500 ML/y to
Booberoi Creek.

Source: (DIPNR 2004)

Table 3.2 Access licence entitlements according to the State Water Lachlan Valley Business Plan

Access Licence Category Number of Licences Licence Entitlement (ML)
General Security 779 581,710
High Security 91 26,685
Conveyance 1 17,911
Domestic and Stock 307 12,286
Domestic and Stock (Domestic) 60 172
Domestic and Stock (Stock) 178 1,639
Town Water Supply 9 15,545
TOTAL 1425 655,948

Source: State Water Lachlan Valley Business Plan
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The Water Sharing Plan includes an annual allowance of 10,000ML for the management of an
environmental contingency allowance held in Wyangala Dam (the WECA) and 10,000ML for the
management of an environmental contingency allowance held in Lake Brewster (the LBECA).

Additional notes regarding water entitlements of the Lachlan catchment area include:

e Floodplain harvesting of water is not covered in the Water Sharing Plan or allocation
procedures. There are three Rural Floodplain Management Plans underway or finalised for the
Lachlan Catchment:

o Lachlan River: Gooloogong to Jemalong;
o Lachlan River: Jemalong to Condobolin and
o Lachlan River: Lake Brewster Weir to Whealbah (Hillston).

e The unregulated section of the Lachlan River comes under the Lachlan River — Unregulated
Surface Water Management Area (SWMA) and comprises 59,891km?>. This SWMA has a set of
high level performance indicators for water management separate to the operations of the
regulated section of the river.

3.1.4 Water Allocation Methodology

The allocation ‘Water Year’ commences on 1 July of each year and runs to 30 June. High security
Available Water Determinations (AWDs) are reset to zero on 1 July. Unused General Security AWDs and
environmental water allowances up to 100% of the allocation may be carried over from one year to the
next. All AWDs are increased or decreased throughout the water year as dam levels allow.

The NSW Department of Water and Energy website states that one of its roles is to “determine the
volume of water available for extraction for the various categories and subcategories of access licences
in relation to those water sources covered by water sharing plans”. In reality, this role is supported by
State Water, which carries out resource assessment as part of its operations planning. The resource
assessment, with recommendations, is passed on to the Department of Water and Energy (DWE) which
makes an Available Water Determination (AWD — previously referred to as announced allocation).

The Water Sharing Plan for the Lachlan Regulated River Source states that “the water supply system
shall be managed so that available water determinations for domestic and stock access licences of 100%
of share components can be maintained through a repeat of the worst period of low inflows to this
water source represented in flow information held by the Department”. Similarly, the water supply
system shall be managed to that “available water determinations for local water utility access licences of
100% of share components” and “available water determinations for regulated river (high security)
access licences of 1 megalitre per unit share can be maintained through a repeat of the worst period of
low inflows to this water source represented in flow information held by the Department.”

These allocations are generally made before any general security AWD is made. A proportion of
Jemalong Irrigation Limited’s conveyance licence is included in these high security determinations.

The available water determination for regulated river (general security) access licences are then made
and based on the volume available after making provision for:

(a) the environmental water provisions established by the Water Sharing Plan,
(b) requirements for domestic and stock rights,
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(c) requirements for native title rights

(d) requirements for domestic and stock access licences

(e) requirements for local water utility access licences

(f) requirements for regulated river (high security) access licences

(g) requirements for regulated river (conveyance) access licences

(h) allocations remaining in access licence water allocation accounts from previous available
water determinations

(i) water losses associated with the holding and delivery of water to meet the requirements
identified in subclauses (a) to (g)

(j) an appropriate volume to meet water losses associated with the holding and delivery of
water resulting from the available water determination and

(k) any other relevant matters

Available water determinations for regulated river (conveyance) access licences are made at the
commencement of each water year and as required, during the water year. The rules governing the
volume allocated to the regulated river (conveyance) access licences are based on the amount of
general security access licence AWD and are set out in the Water Sharing Plan.

If, at the start of a water year, the AWD is less than 100%, the AWD is reviewed monthly until the end of
the water year. If sufficient rainfall occurs during any one month, the AWD will be increased. General
security AWDs not used in one water year may be ‘carried over’ to subsequent years until it is used,
traded or forfeited to water accounting rules (e.g. evaporation losses). Evaporation reductions apply to
carryover water in account balances at the end of each quarter, based on the net evaporation on the
extra surface area generated by the carryover account water (DIPNR, 2004).

3.1.5 Water Delivery and Billing

Water Access Licence Holders place a Water Order with State Water stating the date and amount of
water in megalitres for each licence type that is required and nominating the water supply works
through which the water is to be extracted. Sufficient time should be allowed to account for
transmission from the dam to the extraction site.

An access licence holder’s water account is debited as: “the volume of water taken by the approved
water supply works nominated by the access licence, or the greater of (i) the volume of water extracted
by the approved water supply works nominated by the access licence, or (ii) the volume of water
ordered for extraction by the approved water supply works nominated by the access licence, where the
Minister has applied such a discretionary condition to the access licence” (Water Sharing Plan for the
Lachlan Regulated Rives Water Source, 2003).

Transmission losses from Wyangala Dam to each Lachlan River extraction location have been estimated
by State Water and are released in addition to the Water Order amount to ensure sufficient water
reaches the extraction site. Should the amount extracted by an access licence holder be less than their
water order, State Water have the ability to re-regulate the water using any of the structures further
downstream. State Water works closely with the water users to get the water orders to closely match
the water extraction in order to minimise operational surpluses and shortfalls.
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3.2 Average annual general security available water determination

The Average Annual General Security Available Water Determination (AWD, previously known as
allocation) has been calculated using information sourced from the Water Sharing Plan for the Lachlan
Regulated River Water Source 2003 - REG 31, (NSW and Government 2004).

An estimate of the Long-term Average Annual Extraction Limit within the Lachlan Regulated River Water
Source has been made under conditions specified in subclause (1) (a) of the Water Sharing Plan for the
Lachlan Regulated River Water Source 2003 Plan (NSW and Government 2004).The Long Term Average
Annual Extraction Limit estimate made using the Lachlan IQQM computer model under the conditions as
specified in the Water Sharing Plan indicated a long-term average annual extraction volume of
approximately 305,000 ML/year. The Maximum Average Long Term Extraction Limit set using the
Lachlan 1QQM computer using baseline conditions established under the Murray-Darling Basin
Agreement, indicate a Maximum Long-Term Average Annual Extraction volume of approximately
315,000 ML (DIPNR 2004). The Water Sharing Plan establishes that the long-term extraction limit for the
Lachlan Regulated River water source is the lesser of these two scenarios.

By limiting long-term average extractions to an estimated 305,000 ML/year the Water Sharing Plan
ensures that approximately 75% of the long-term average annual flow in the Lachlan River (estimated to
be 1,212,000 ML/year) will be preserved and will contribute to the maintenance of basic ecosystem
health (DIPNR 2004). This 305,000 ML/year is to be shared between the 655,948ML or unit shares of
extraction licences.

To calculate the average water availability or the Average Water Determination (AWD) for the Lachlan
Regulated River Water Source, all access share components other than the General Security component
are subtracted from the Total Licensed Average Long Term Extraction Volume. The result is then divided
by the number of general security unit shares to determine the Average Annual General Security
Available Water Determination.

For the purpose of this estimate and with input from State Water Operations Manager we assume that
the utilisation of high security licenses is currently 100%. Current utilisation of Local Water Utility access
licences & Stock & Domestic access licences has been advised as 70%-80%. 75% has been assumed as
the average figure. Conveyance water for Jemalong Irrigation Limited currently has a pseudo high
security component. When general security allocation is zero, 999.4ML of conveyance water is
allocated. The remaining 16911.6ML portion of Jemalong Irrigation Limited’s conveyance volume is
regarded as general security.

Using the access entitlement figures presented in the Water Sharing Plan the Average Annual General
Security Available Water Determination is calculated as 43%.

Using the access entitlement figures presented in the Lachlan Valley Business Plan (State Water 2006),
the Average Annual General Security Available Water Determination is also calculated as 43%.

Adopted 2009 Average Annual General Security Available Water Determination

43%
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4 THE JEMALONG IRRIGATION DISTRICT

4.1 General Scheme Description

The Jemalong Irrigation District (JID) is managed by Jemalong Irrigation Limited (JIL). Water distribution
is the company’s core business and is budgeted to operate on a financial break-even basis.

The Jemalong Irrigation District includes approximately 300km of open channel delivery system, which
when at full working capacity are able to divert and deliver a volume of up to 700ML of water per day.
The system is comprised of an off-take adjacent to Jemalong Weir on the Lachlan River and a network of
supply channels.

Water is ponded upstream of the Jemalong Weir above the lip level of the Jemalong Irrigation District
off-take. Water is transferred from the Lachlan River to Jemalong Irrigation District channels through
gravity when the off-take gates are opened.

Figure 4.1 Jemalong Weir

Source: Boyden & Partners

Flows and water levels throughout the system are regulated by check-gates. Shareholders/members
receive their allocation when water in the scheme channel adjacent to their property is high enough and
gates at their off-take are opened. The scheme is therefore operated by gravity throughout, with no
pumps required. Volumes are measured by Dethridge wheel meters or water management outlets.

4.2 Legal and Water Entitlement Structure

Jemalong Irrigation Limited is an unlisted public company that was formed in 1995. There are 119
shareholders in the company, with the number of shares held proportional to the water volume that
shareholders are entitled to.
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Jemalong Irrigation Limited is governed by a Board of Directors that are made up of irrigation farmers
within the district. All members of the board are elected by shareholders and hold a term of four years.

Jemalong Irrigation Limited is the holder of all Water Access Licences for the Jemalong Irrigation District,
shown in Table 4.1. Shareholders/members may have a water access/delivery entitlement and/or a
separate water volume entitlement. That is, the right to physical water is separate to the right to have
that water delivered.

Table 4.1 Water access licences of Jemalong Irrigation Limited

Water Access Licence Entitlement Share
Category
Water Access Licence No. 13739 General Security 0 units
Water Access Licence No. 15132 General Security 78907 units
Water Access Licence No. 7708 Conveyance 17911 units
Water Access Licence No. 7709 High Security 200 units
Water Access Licence No. 7711 Stock and Domestic 1756 ML per year

Note: The unit shares in this table represent the number of megalitres that would be allocated if
a 100% AWD was made,

4.3 Water Users

There are 175 holdings for general security irrigation water and stock and domestic water within
Jemalong Irrigation Limited. The members of the Jemalong Irrigation District also consistently undertake
temporary transfer water in to the District from other entitlement holders. Therefore, they frequently
have water volumes in excess of the AWD with which they are able to produce more than they would
otherwise.

In addition to holdings within the Jemalong Irrigation District, Jemalong Irrigation Limited also delivers
general security water that is utilised for stock and domestic purposes to 19 farms and their families
outside the Jemalong Irrigation District. This group is called the ‘out of district users’.

Barrick Gold Corporation (Cowal Gold Project) utilises the Jemalong Irrigation Limited infrastructure to
deliver water to their extraction point located in the “2C” channel on Division 2 of the Jemalong
Irrigation Limited system. Barrick Gold purchase water from Jemalong Irrigation Limited and from the
river and pay service fees to Jemalong Irrigation Limited for delivery.

4.4 Organisational Structure, Staff and Experience

An elected Board of Directors represent Jemalong Irrigation Limited in decision-making and
management. A board of seven members serve a four year term with half of the board elected every
two years. The Board positions are made up of the Chairperson and Deputy Chairperson and five
Directors. Jemalong Irrigation Limited outsources the Board Secretary role.

The Board is responsible for five paid positions employed by Jemalong Irrigation Limited. These are
scheme General Manager, Senior Irrigation Officer, two Irrigation Officers and the Land and Water
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Management Project Manager. The responsibilities of the paid staff are presented in Table 4.2 and
Board members and their experience are listed in Table 4.3.

Table 4.2 Jemalong Irrigation Limited staff roles and responsibilities

Jemalong Irrigation Limited Position

General Manager Irrigation Officer LWMP Manager

Responsibilities:
e Undertake the role of Company | e Record keeping of water orders | e Prepare annual environmental

Secretary placed and water usage and compliance reports
e Ensure the company’s share e Liaison with both irrigators and | e Process applications for
register is properly maintained State Water regarding timing incentive funding
and delivery
e Ensure that all compliance e Operation of a variety of plant e Update GIS and excel files with
obligations are met and equipment information from shareholders

e.g. cropping details, land
forming, irrigation, new tree
plantings etc

e Accounts and billing e Carry out of a variety of e Groundwater depths using
maintenance tasks piezometer network
(Quarterly)
e Technology upgrading ¢ Handling and application of e Provide quarterly report to the
chemicals CMA on funding balances and
targets
e Time and resource e Construction and installation of | e Provide water efficiency
management of the Board structures within the irrigation training courses for JIL
district shareholders
o Staff and member ° e Update funding spreadsheets

communications
Current Position Holder

s 22(1)(a)(ii) g 29 ( 1) ( a) (ii s 22(1)(a)((i)

Experience in this Position

s 22(1)(a)/(i) s 22(1)(a)(ii) | s 22(1)@)i)
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Table 4.3 Jemalong Irrigation Limited Board Members and their experience

Board Member Experience

s 22(1)(a)(i
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4.5 Operations Management and Maintenance
4.5.1 Water Ordering

Individual shareholders/customers notify the Jemalong Irrigation Limited scheme office of their desire to
place a Water Order. The Senior Irrigation Officer then completes a State Water ‘Water Order Form’ and
communicates with State Water over water delivery to Jemalong Weir.

Stock and Domestic water requests are generally delivered as they are received if larger amounts of
water are also being delivered. In very low allocation years when irrigation water is not delivered, stock
and domestic water may not be able to be delivered due to prohibitive transmission losses.

4.5.2 Water Delivery and Metering

The Senior Irrigation Officer advises the Channel Attendants of the date to commence operation of the
scheme off-take at the Jemalong Weir and to which sections of the scheme water is to be delivered. The
Channel Attendants are then responsible for ensuring that water is delivered to the appropriate location
within the scheme.

Scheme channel inverts are generally lower than the surrounding fields and their on-farm channels.
Farm off-takes are therefore generally high in the scheme channel bank. In order to deliver water from
the channels to farms without pumping, the water level in the scheme channel must be raised almost to
bank level. This is known as the ‘full supply level’. To be able to maintain sections of channel at full
supply level without filling the complete channel length, regulator or check structures have been
constructed within scheme channels to stop water flowing further downstream, acting as weirs. These
check structures consist of several ‘drop boards’ sitting one on top of the other with guides at either end
to keep them in place. The water level in a particular reach is regulated by Channel Attendants adjusting
the number of drop boards in the check structure.

The scheme is generally operated with the water level in the majority of channel reaches at or near full
supply level for the 9 month irrigation season. Significant amounts of water are stored within the
channels behind check structures. Water orders for shareholders at the downstream ends of the
channel can be delivered by lifting drop boards further upstream and allowing stored water to pass
through the system to its destination. This water is then replaced by flow delivered to Jemalong Weir
once this has arrived. In this way, water can be delivered to shareholders sooner than the full delivery
time from Wyangala Dam.

Channel Attendants are also charged with opening and closing the lateral or off-take gates of individual
shareholders as required. Water passes through a meter which records the volume of flow delivered.
Water metering is undertaken largely by Dethridge wheels. As part of the Land and Water Management
Plan, Dethridge wheels are being strategically replaced by higher accuracy Water Management Outlets
(WMOs) as referred to in Section 4.6.4.

The system operation is highly responsive to individual water orders. It is therefore highly dependent on
the type, area and distribution of crop, weather conditions, rainfall, timing of orders throughout the
scheme and how much water is stored in each of the channel reaches between check structures at any
given time.
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4.5.3 Maintenance

Jemalong Irrigation Limited replaces structures as required. Channel maintenance also follows this
policy and repair work is done when necessary. Channel maintenance includes desilting and reshaping
of supply channels.

Assessing capital works is done on a regular basis with recommendations put forward periodically.
4.5.4 Billing

Revenue is collected through an access charge based on the access/delivery entitlement, and a separate
charge for the actual volume of water delivered (per megalitre).

An additional levy is charged to implement natural resource management through The Land and Water
Management Plan. This levy is based on the total cost of measures outlined in The Land and Water
Management Plan divided over time. During recent times of very low allocation, production and income
charges associated with The Land and Water Management Plan have been deferred.

45,5 Water Trading

To facilitate the best use of available water resources, the company encourages water trading and
flexible management of resources. Existing Jemalong Irrigation Limited policies allow shareholders
greater flexibility to manage water entitlements and allocations to suit individual needs. These initiatives
are unavailable to riparian irrigators on regulated river systems.

4.5.6 Externalincome streams

Jemalong Irrigation Limited generates income independent of shareholder contributions through an
extensive investment portfolio to assist with the maintenance and renewal of infrastructure.

4.6 Jemalong Irrigation Limited Internal Review

In July 2007 Jemalong Irrigation Limited commissioned a Survey of Shareholders of Jemalong Irrigation
District (Hassell and Associates Pty Ltd 2007) to identify operational and strategic issues within the
scheme. The survey sought feedback from Jemalong Irrigation Limited shareholders on the company’s
current and future business planning activities. A mail survey was posted to 92 individual shareholders
in June 2007. There were 23 mail survey responses. A telephone survey of 12 randomly selected
shareholders was also conducted.

Shareholders were asked if they were confident that Jemalong Irrigation Limited has achieved results in
the following areas:

e Managed projects in a cost effective way
e Developed good communication systems
e Addressed local needs

e Conducted business professionally

e Has had effective leadership

e Developed good management systems
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Shareholders that responded to the written questionnaire were also asked the areas of Jemalong
Irrigation Limited operations that they considered to be important to their own business. The overall
ranking of priority issues based on responses was:

Irrigation water delivery

Communications with members and customers

Infrastructure maintenance and improvements

Policy development for water trading

Environmental management and the Land and Water Management Plan
Lobbying associated with national reforms and

NouhkwnNe

Interaction with the Lachlan Valley Customer Services Committee

An additional 12 shareholders were contacted at random by telephone. For these shareholders,
water availability was overwhelmingly mentioned as the number one issue facing irrigators. Other
specific issues raised included the cost of water, particularly in years of little or no allocation, the
length of irrigation season, stock and domestic access, and water trading policy.

Operational and Future Issues

e Infrastructure — respondents generally considered that the management of Jemalong Irrigation
Limited water delivery infrastructure was good and established company programs to improve
infrastructure rated positively.

e System planning — it was the view of respondents that Jemalong Irrigation Limited conducted
system wide planning. Issues such as losses and channel management were not always readily
understood by individual shareholders.

e Planning — respondents did not always identify the link between external government policy
changes and Jemalong Irrigation Limited operational rules regards pricing, stock and domestic
water, channel operations and water trading.

e Infrastructure — Channel seepage was identified as the most pressing issue for improvement.
Shareholders are open to Jemalong Irrigation Limited being involved in water trading.

e Constitutional Changes — an option has been identified to have an independent director on the
board.

e Policy development and communication — water trading and pricing issues were considered to
be important policy issues.

It is important to note that shareholders in the Jemalong Irrigation District were considering these issues
prior to the announcement of funding under Sustainable Rural Water Use and Infrastructure.

Recommendations and policies put in place as a result of survey feedback:

e A communication strategy has been developed to keep shareholders informed.

o A process of information sharing such as seminar style meetings and detailed newsletters has
been undertaken to improve the understanding of shareholders on key policy.

o A review of Jemalong Irrigation Limited policies has been undertaken and the understanding by
directors, management and staff should be clarified and agreed to.

e The policy making agenda and significant issues should be included in an annual strategic plan
which would highlight and inform shareholders of up coming policy decisions (since adopted)
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4.7 Physical Assets

Details of the physical assets of Jemalong Irrigation Limited are presented in Table 4.4

Table 4.4 Jemalong Irrigation Limited Asset Register

ASSET AGE CONDITION
Delivery system approx 300km Approximately 69 years old Good
Jemalong Weir off-take Approximately 69 years old Good
In channel structures 69-2 years old, constantly being upgraded Good
Scheme office and freehold land 40 years old Good
AFFRA meter 8 years old Good
Work shop 50 years old Good
Vehicles and plant 10 years old Good
Dethridge wheels Approximately 69 years old Good
Water Management Outlets Approximately 9 years old to new Good

4.7.1 Delivery System

The 300km of channel operated by Jemalong Irrigation Limited are all earth channels. The channels are
generally categorised into three types: those utilised for the majority of the irrigation season — the main
channels; those utilised less frequently; and those used only when delivering water to adjacent
properties —the spurs.

The Jemalong Irrigation District has two divisions:

e Division 1 —channels serviced by the Cadow Upstream main channel and generally more in the
north of the scheme

e Division 2 — channels serviced by the Jemalong Main Upstream channel and generally more in
the south of the scheme

In Division 1, the Warroo Main channel runs within a prior stream formation and is known to have high
seepage in several locations (GHD 2008). The banks of this channel are perched slightly higher than the
surrounding floodplain. In areas to the south, the channel is generally cut into soils with high clay
content. Channels in Division 1 generally have higher infiltration rates than channels in Division 2.
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Figure 4.2 Divisions of the Jemalong Irrigation District

Source: Boyden & Partners
4.7.2 Jemalong Weir and Jemalong Irrigation Limited off-take

The Jemalong Weir is owned by State Water and is constructed of concrete and steel. It consists of 3
vertical lift gates, each measuring 12.2 m wide by 5 m in height. There are bypass gates located in each
abutment and these gates are 1.8m wide by 1.4m high.

The Jemalong Irrigation District scheme is a gravity fed system. The scheme off-take is located on the
south abutment of the Jemalong Weir and consists of a box culvert with a 4.1m wide by 1.5m high radial
gate. The reported maximum capacity of the off-take supply is 800ML per day. The reported average off-
take is approximately 450-600ML/day.

Figure 4.3 Jemalong Irrigation Limited scheme off-take

Source: Boyden & Partners
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age

4.7.3 Structures

4.7.4

A comprehensive record of the existing structures and their location has been recorded within a
database. Structure locations in the channel network locations have been determined by chainages
along the length of each channel reach.

A breakdown of most of the structures created from data supplied to Boyden & Partners by Jemalong
Irrigation Limited is presented in Table 4.5.

Table 4.5 Jemalong Irrigation Limited structure details

Type Of Structure Qty
Road Bridge 99
Access Bridge 60
Road Culvert 79
Access Culvert 49
Access Bridge & Regulator 85
Road Bridge & Regulator 14
Access Culvert & Regulator 32
Regulator Check 260
Pipe Outlet 99
Siphon 14
Subway 64
Maintenance Culvert

Flood Escape

Other Structures 18
Inverted Siphon Metered Outlet 2
Abandoned / Removed Structure 1
Total 887

Records from the Jemalong Irrigation Limited database indicate that the majority of the structures were
constructed around 1941; however upgrades have been on-going up to the present time.

The most common structure throughout the Jemalong Irrigation District is a regulator check gate. Pipe
outlets are the second most common structure, followed closely by bridges.

Structure location data was supplied by Jemalong Irrigation Limited in the form of chainages along
reaches. These chainages have been manually entered into a geographic information systems (GIS)
computer mapping program, thus giving each structure an approximate location coordinate.

Meters
Jemalong Off-take

The main scheme off-take at the Jemalong Weir is fitted with water level gauges upstream and
downstream and a device to measure the open height of the gate. Water flow rates and volumes are
calculated from these three measurements.
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Figure 4.4 Jemalong Irrigation Limited off-take at Jemalong Weir

Source: Boyden & Partners

In 2001-2002 Jemalong Irrigation Limited installed and calibrated an Acoustic Flow meter For Remote
Areas (AFFRA) downstream from the scheme off-take at Jemalong Weir. This meter is an acoustic
Doppler flow meter that continuously measures the velocity of flow.

The Doppler flow meter (or Ultrasonic meter) is a volumetric flow meter which measures the
instantaneous and total water flow in channels and pipelines. The basic principle of its operation
employs the frequency shift (Doppler Effect) of an ultrasonic signal when it is reflected by suspended
particles in motion in the water (Hydro and Environmental 2007).

Figure 4.5 AFFRA meter installed by Jemalong Irrigation Limited

Source: Boyden & Partners
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Doppler flow meters are reputed to operate over an extremely wide flow range (0.5 ML/day to 6,000
ML/day), are robust and require minimal maintenance. The Doppler flow meter can measure bi-
directional flow and is easy to install (Hydro and Environmental 2007).

The accuracy of the Doppler flow meter can be affected by power supply fluctuations or if power is not
being maintained, electronic components can suffer damage e.g. lightning damage. If the meter has not
been installed or calibrated to manufacturer’s specifications this can also affect the accuracy of the
Doppler flow meter (Hydro and Environmental 2007). Jemalong Irrigation Limited has the Doppler flow
meter calibrated twice per year.

Dethridge Wheels

The Dethridge wheel meter is a positive displacement meter invented in Australia in 1910 by John
Dethridge, who was the Commissioner of the Victorian State Rivers and Water Supply Commission at
the time. Until recently the Dethridge wheel meter has had widespread use with over 40,000 meters
installed throughout most of the major irrigation water providers in Australia. The general design and
dimensions of the Dethridge wheel have remained unchanged for more than 90 years (Hydro and
Environmental 2007).

The Dethridge wheel meter measures and records the volume of water delivered with reasonable
accuracy under controlled laboratory conditions, given that:

e C(Clearances and settings of the wheel relative to the concrete emplacement are within tolerance.

e The upstream and downstream water levels are within acceptable limits.

e Flow rates are limited to between 1 ML/d and 12 ML/d.

e Water is not allowed to jet under the upstream control gate into the vanes on the wheel (Hydro
and Environmental 2007).

Tests carried out in the field commissioned by Goulburn-Murray Water, found that all Dethridge meters
under-measured the volume of water delivered (Hydro and Environmental 2007). Volume inaccuracies
were within a range of -24.1% to -1.5%, with an average of -10% which exceeds the industry standard
tolerance allowances of + 5.0% by a significant degree (Hydro and Environmental 2007). Dethridge
meters generally under measured to a greater degree at lower flow rates (Hydro and Environmental
2007).

In 2008 the accuracy of Dethridge wheels was the subject of another study completed in the Goulbourn
Murray Irrigation District (Hydro and Environmental 2008). This later study found that Dethridge wheels
have an average meter error of up to 6.9% in favour of the irrigator. Although the results vary from the
2007 report to the 2008 it does highlight the level of inaccuracy that can be associated with the
Dethridge wheel.
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Figure 4.6 Dethridge wheel on Jemalong Irrigation Limited

Source: Boyden & Partners

The Jemalong lIrrigation District uses Dethridge wheels to estimate water deliveries from scheme
delivery channels to individual properties. There are approximately 135 Dethridge wheels in Division 1
and 112 in Division 2 of the Jemalong Irrigation District.

Water Management Outlets

Water Management Outlets (WMOs) are HDPE pipes with a vertical sluice gate that are manufactured
on site at the Jemalong Irrigation Limited office. They can be linked to a SCADA remote control system,
giving Jemalong Irrigation Limited greater control over its operations through being able to open and
close the meters from the scheme office, although the office has yet to be fitted with this system.
WMOs are fitted with a flow meter however the accuracy for water measurement in this configuration
is yet to be fully tested and confirmed.

WMOs have the ability to deliver between 1-80ML a day which can increase an irrigator’s capacity to
irrigate more efficiently.
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Figure 4.7 Water Management Outlet locally manufactured by Jemalong Irrigation Limited

Source: Boyden & Partners

Currently Jemalong Irrigation Limited has installed approximately 27 WMOs in Division 1 and 18 in
Division 2.

4.8 Scheme Viability

Financial records for Jemalong Irrigation Limited demonstrate that it has been financially viable since its
commencement in 1995. The Balance Sheet and Profit and Loss Statement from the 2007/08 financial
report are provided in Appendix A in support of the scheme’s viability. The independent audit report by
AA Williams states that:

“In our opinion, the financial report presents truly and fairly in accordance with applicable
Australian Accounting Standards, Corporations Act and other mandatory professional
reporting requirements in Australia the financial position of the company as at 30" June
2008, and the results of its operations and cash flows for the year then ended”.

One issue in the management of the scheme is the ability of farmers to pay charges when little or no
water is being delivered.

The viability of farms within the Jemalong Irrigation District is discussed in Section 6.6.

-36-



JEMALOHSJ_BN@&TION LIMITED IRRIGATIQE%eMg%EO'}'X!?ﬁTION PLAN

5 THE JEMALONG LAND AND WATER MANAGEMENT PLAN

In April 2001 Jemalong Irrigation Limited, with direction from the New South Wales State Government,
finalised The Jemalong Land and Water Management Plan (The Jemalong LWMP) to address natural
resource management issues in the district.

The Jemalong LWMP aims to guide the development of the Jemalong Irrigation District so that land and
water resources are used in a way which is profitable and improves and sustains the environment and
agriculture for current and future generations. The goals of The Jemalong LWMP determined by the
Steering Committee to achieve this are:

To reduce accessions to the water table, thereby helping to minimise salinity and water logging
To increase the economic viability of the Plan area

To increase awareness of the value of land and water management planning

To increase the implementation of best management practices

vk wnN e

To alleviate the adverse effects of local agricultural practices on soil and water quality

The irrigation district has previously experienced increases in water table levels, including surface
drainage issues resulting in localised salinity outbreaks. Factors contributing to these issues have been
land clearing, irrigation application and scheduling, grazing management, replacement of perennial
pastures with annual plantings and recharge from flood events.

The Jemalong LWMP presents strategies and targets focusing on the on-farm options of land forming,
farm planning, property management plans, recycling systems, high volume outlets (water management
outlets), soil fertility testing and improved pastures. Regional options include fencing remnant
vegetation, planting new trees and the construction of floodway levees and rain rejection storages.

The expected outcomes/benefits from introducing such strategies are in line with the broader objectives
of LWMP’s in general including: alleviate land and water degradation; improve natural resource
management; and provide for environmental and agricultural sustainability. They include reduction in
accessions to the watertable, reductions in water logging and salinity and improvements in farm
productivity levels, protection of biodiversity, heritage values and aesthetic enhancement.

Implementation of the strategies outlined in The Jemalong LWMP is based on contributions from the
Australian Government, New South Wales Government, the wider community and individual
shareholder levies. An incentives program has been developed to encourage landholders to participate
at an on-farm level.

To date the implementation of The Jemalong LWMP’s strategies have been supported by landholders
throughout the district.

In June 2008, an independent consultant was appointed to complete an extensive review of The
Jemalong LWMP. There is opportunity to tailor the plan to include technologies and options that relate
to irrigation and stock and domestic modernisation planning outcomes. This will ensure the successful
continuation of The Jemalong LWMP strategies.
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6 BASELINE IRRIGATION AND FARMING

6.1 Overview

The Jemalong Irrigation District was constructed in 1936 and began operations in 1941. The intended
purpose of the scheme’s development was to offer additional security to the region’s water resources,
thereby creating conditions for a prosperous agricultural industry. The Jemalong Irrigation District of
today supports the water requirements of over 90 farms, the majority of which are family owned and
operated.

The Jemalong Irrigation District’s farming enterprises include a variety of dairy, horticultural, cropping
and grazing activities. All farms rely to varying degrees upon a regular supply of water delivered by
Jemalong Irrigation Limited. The security of available water resources and their capacity to sustain
irrigation, livestock and household water requirements supports the survival of the local agricultural
industry, schools and residents.

6.2 Irrigation Technology and Cropping

Water diverted for irrigation in the Jemalong Irrigation District historically enabled an area of
approximately 40,000ha of agricultural land to be developed for irrigation. Presently, there is
approximately 23,000ha utilised for irrigation. The availability of water has increased the diversity of
agricultural commodities with citrus fruits, cereal crops, oil seed crops and fodder crops produced
annually.

Once water is diverted on-farm from scheme channels, it is delivered to crops mostly through earthen
infrastructure that includes supply channels (“head ditches”). These channels feed water into narrow
elongated fields (known as border-check surface irrigation) or “flood bays” via in-bank or over-bank
siphons, or larger bay outlets.

The recent water shortage has seen a growing number of farms initiate development of privately funded
on-farm water efficiency projects. Such projects have been made possible by a rapidly evolving
technology market. Improvements in water efficiency have been achieved through investment in
precision delivery technology including low pressure pivot irrigation and sub-surface drip irrigation
systems. Furthermore, technology has allowed for more efficient management of in-field water
application rates through the incorporation of soil moisture sensors and data loggers. These instruments
provide farmers with accurate crop water requirements, to which water delivery systems can be
calibrated. A reasonable uptake of irrigation application and soil moisture monitoring techniques has
occurred in the Jemalong Irrigation District. The capital cost of these technologies has been a factor in
decreasing their widespread adoption.

The availability of water for irrigation offers Jemalong Irrigation District farmers a measure of security
for crop production. In the absence of significant rain events, water can be applied to crops at regular
intervals when required by plants. Regular waterings increase crop yields and provide options for
greater diversity in crop production. An analysis of the 2002-03 season is indicative of the land area and
diversity of crops that can be brought into irrigated production in a lower AWD or allocation year of
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32%. 2002-03 incorporated both summer irrigated crops (including vegetables and irrigated pastures for
livestock) and winter irrigated crops (including cereal crops, oilseeds and irrigated pastures for livestock)
and brought a total of 8,459ha into production (Jemalong Irrigation Limited database information 2009).
This area production was only part irrigated due to above average summer rainfall.

Figure 6.1 Flood bay irrigation

Source: Western Land Planning Pty Ltd

Grazing and Stock and Domestic Water Supply

A secure stock and domestic water supply is essential for the survival of rural communities. Stock and
domestic water services the requirements of households and gardens as well as grazing animals.
Information obtained from On-Farm Water Efficiency Plans estimates approximately 26,800ha of land in
the Jemalong Irrigation District is currently used for livestock grazing.

Jemalong Irrigation Limited holds a water entitlement with a high allocation priority to service stock and
domestic users within the district. At present stock and domestic water is delivered to farms through the
Jemalong Irrigation Limited scheme network. In lower allocation years, the proportional losses that
occur through delivery of stock and domestic water in open channel infrastructure are significant.
Reducing water loss through delivery is therefore effectively managed in lower allocation years by
providing stock and domestic water delivery only when bulk water deliveries are required. As a result,
the provision of high security stock and domestic water entitlements is irregular and cannot be
guaranteed during low allocation years when general security water is unavailable.

The importance of a secure stock and domestic system led Jemalong Irrigation Limited working with the
NSW State Government working with Jemalong Irrigation Limited to develop several piped bore water
schemes throughout the Jemalong Irrigation District. Small groups of neighbouring farms formed Bore
Trusts. There was an opportunity to access $250,000 in government funds, including expertise in design
and assistance in part funding of construction of piped systems serviced by community bores. However,
the total program cost was in excess of $4 million, so substantial investment was required from farmers
in addition to government funding. As a result, several Bore Trusts chose not to participate. Of those
that did, costs were minimised in some cases by deliberately under-sizing the system to reduce
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expenses. Many members of Bore Trusts rely on stock and domestic water delivered by Jemalong
Irrigation Limited to supplement their bore water delivery.

The high level of private investment that was put into the community bore scheme is indicative of the
importance given by Jemalong Irrigation District landholders to increase the availability of high security
stock and domestic water. While the piped community bore schemes have provided substantial benefit
to sustaining farming families within Jemalong Irrigation District, the long term security of bore supplies
has come into question. This, in addition to the deliberate under-sizing of some schemes, means that
there is significant shortfall in the ability of the bore system as a whole to meet the stock and domestic
requirements of the Jemalong Irrigation District.

6.4 Dryland Cropping

The Jemalong Irrigation District produces a variety of dryland crops over both summer and winter
growing seasons. Dryland cropping refers to the production of crops without the assistance of irrigation
water. The success of dryland cropping carries a much greater degree of uncertainty as crop water
requirements are completely dependent upon adequate and timely rain events.

Information obtained from On-Farm Woater Efficiency Plans estimates an area of approximately
45,700ha currently being used for dryland cropping in the Jemalong Irrigation District. Dryland cropping
is an essential component of income generation for the majority of the Jemalong Irrigation District’s
farming enterprises. Dryland cropping is predominately a winter activity as expected evaporation rates
are less and rainfall is more effectively stored in soil profiles. Winter dryland cropping in the Jemalong
Irrigation District typically includes the production of:

e Cereal crops (wheat, oats, barley) for domestic consumption and export markets

e Seasonal oilseed crops (canola, jojoba) for domestic consumption and export markets

e Pulse crops (chick peas field peas, lupins) for domestic consumption and export markets
e Vegetables for domestic consumption and export markets

Summer dryland cropping in the Jemalong Irrigation District typically includes the production of:

e Fodder crops ( lucerne, phalaris and rye grass) for livestock consumption
e  Opportunity summer crops

6.5 Conservation Land Management

Conservation land management is given strong emphasis throughout the Jemalong Irrigation District.
The Jemalong LWMP (JLWMP, 2001) is a pre-emptive report designed to provide guidelines for common
environmental management. The report encapsulates the principles of sustainable agriculture and
provides Jemalong Irrigation Limited shareholders with an action plan for conservation land
management.

Property management in the Jemalong Irrigation District is responsive to the principles outlined by The
Jemalong LWMP and widely demonstrates a range of innovative measures designed to deliver a
sustainable farming future. Sustainable farming practices have been widely embraced including:
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e Soil management practices that protect soil structure, fertility and moisture including minimal-
till and zero-till cultivation, direct seed drilling and controlled traffic movement
e Investment in soil remediation works where soil degradation is evident including the
rehabilitation of saline and/or scalded land through the establishment of saltbush plantations
e The control and eradication of noxious weeds through the establishment of perennial pastures
e The importance of maintaining and enhancing property vegetation and wetland environments
within the Jemalong Irrigation District is recognised and addressed through:
o Establishment of windbreaks on paddock boundaries that serves to minimise wind
erosion and assists in building biodiversity
o Ongoing protection of significant vegetation stands including those that are recognised
as Endangered Ecological Communities. This includes the development of connecting
vegetation corridors and fencing for livestock control
o Management of private wetland sites in recognition of their significance as part of the
region’s lake and cowal systems. These sites support nesting areas and habitats for an
abundance of wildlife including migratory birds

Figure 6.2 Remnant vegetation on a Jemalong Irrigation District property

Source: Western Land Planning Pty Ltd
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6.6  Property Viability

The Jemalong Irrigation District offers an abundance of natural resource, transport and social attributes
that have capacity to ensure the long-term viability of agriculture in the region. However, insecurity of
water supplies has resulted in some doubt over the viability of irrigated production and the surety of
income it provides in the long term.

Australia’s rural community has a history in which farm ownership is family oriented. This tradition is
maintained by succession, where the entitlements to a property are passed from each generation to the
next, thus ensuring the enterprise remains within the family unit. Succession planning is however
dependent on the prospect of property viability.

Fluctuations in commodity prices and more notably the upward pressure on the price of water for
irrigation have combined to place additional strain on the viability of rural industries. These pressures
have led some farmers to sell sections of their property to businesses outside the family sphere in order
to service debts. While subdividing allows cash flows to be temporarily increased, maintaining the asset
value and longer term viability of small scale farming enterprises is becoming increasingly difficult.

This climate of uncertainty has for many younger farmers made the prospects offered by rural industries
less attractive. While fluctuations in seasonal conditions are an accepted aspect of the farming industry
to which commendable adjustments in farming practices are made, the question of water availability
and water security is central to farming enterprises.

The modernisation of water infrastructure offers an increase in water security where water delivery and
use at low allocations becomes feasible, and Jemalong Irrigation District farmers are able to optimise
their viability.

s 22(1)(a)(ii
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7 ESTIMATED LOSSES WITHIN THE JEMALONG IRRIGATION DISTRICT

7.1  Scheme Losses

Jemalong Irrigation Limited regards “conveyance losses” as any water that is measured at the Lachlan
River off-take for which no invoice is raised. These “conveyance losses” may take the following forms
(GHD 2009):

e Evaporation — occurring from the water surface area in channels

e Channelinfiltration — occurring through the ‘wetted perimeter’ (channel bottom and sides up to
the water level) of the irrigation channels

e ‘Wetting up’ of channels — higher initial infiltration associated with filling the soil profile below a
dry channel after channels have been empty for some time

e Leakage — occurring through cracks and fissures in channel banks and channel structures

e Metering inaccuracy — occurring when water is (i) diverted from the Lachlan River, and (ii)
delivered at the farm gate, using inadequate and/or inaccurate meter (eg using meters for flows
that are outside their calibration limit)

e Unrecorded usage — occurring when water is supplied to Jemalong Irrigation Limited’s
shareholders for no charge eg to carry out weedicide application

e Drainage escapes — occurring when water leaves the channel system of the Jemalong Irrigation
District. No drainage escapes have been reported by Jemalong Irrigation Limited since July 2001

e Water that cannot be extracted — occurring when there is water left in the bottom of scheme
channels that cannot be delivered to farms due to the water level being too low. Generally
occurring at the end of delivery periods

This complete set of “conveyance losses” has been termed ‘unaccounted water’ throughout this report.
7.1.1 Hotspots Program

The Irrigation Infrastructure Hotspots Assessment Project (Irrigation Hotspots Project) is a key
component of the $5.8 billion Sustainable Rural Water Use and Infrastructure program within the
Australian Government’s Water for the Future initiative (DEWHA 2008).

The Hotspots Program is proposed to use a consistent and science-based approach to identify the
nature, location and quantity of water losses (known as “hotspots”) in existing channel and piped
irrigation delivery systems across Australia (DEWHA 2008).

A hotspots assessment is initiated to identify water losses at a whole-of-system and sub-system level, by
incorporating local knowledge with data from the irrigation district operators and detailed on-site
investigations (DEWHA 2008).

To ensure a consistent and robust approach, the Australian Government commissioned the CSIRO to
develop the Technical Manual for Assessing Hotspots in Channel and Piped Irrigation Systems (Technical
Manual). The manual was developed through a series of workshops that involved National and
International experts in irrigation and hydrology, along with Australian and state government
representatives (DEWHA 2008).
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The Technical Manual outlines a range of hotspot assessment methods including:

e Water balances

e Remote sensing

e Electromagnetic and airborne electromagnetic surveys
e Geo-electrical resistivity surveys

e Groundwater monitoring

¢ Inflow-outflow methods

e Pondage tests

A draft Hotspots desktop analysis and design report was completed for the Jemalong Irrigation District
by GHD in February 2009. This draft report provides a desktop analysis of the Jemalong Irrigation
District. The report uses information provided in previous seepage study reports and Jemalong Irrigation
Limited’s database to estimate spatial water losses in the main delivery channel network. The draft
report outlines the data gaps that exist within the system. These data gaps identified will provide
information that may go into the design of an on-ground Hotspot Assessment.

The Hotspots desktop analysis and design report is yet to be finalised. Therefore, no information has
been made publically available regarding the hotspots assessment of the Jemalong Irrigation District.

7.1.2 Scheme Loss Estimation Methodology

Two types of models have been prepared for this Modernisation Plan to estimate the operational losses
associated with irrigation water diversions. These models are the “Weir-Storage Model” for regular
scheme operations and the “Mass-Balance Loss Model” for open channel flows.

Both models can be classified as physically-based models. Physically based models have the ability to
incorporate known physical properties such as soil percolation rates, evaporation rates and grade in
predictions of actual channel behaviour. Physical models emphasise generality over precision and thus
are suitable for use in an ungauged area (McKenzie 2007).

Weir-Storage Loss Model

The Weir-Storage Loss Model is a spreadsheet-based model used to determine ‘losses’ associated with
operating the scheme using a system of ‘check-gates’ and the resulting storage of water behind the
check-gates.

Depths of supply over the normal operational period of nine months were assigned in this model
according to operator advice and experience and with regard to the ‘Full Supply Level’ recorded by the
historic works-as-executed survey plans supplied by Jemalong Irrigation Limited.

The model calculates a continuous loss from both the infiltration associated with the wetted perimeter
area, as well as the evaporation loss from the surface area of the regularly-operated channel reaches.
The geometry and loss rates associated with each reach of the existing channel network form an integral
component of loss estimations.

The Weir-Storage Model is the best representation of the existing Jemalong Irrigation Limited operation
over a nine-month period of each year.
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Mass-Balance Loss Model

The Mass-Balance Loss Model is also a spreadsheet-based model, similarly used to determine
‘operational losses’ via hydraulic distribution of diversions. This model operates without the check-gates
in place and flows are uninhibited. Flows are adjusted by a ‘mass water-balance’ within each reach of
the scheme channels.

The model is run by system capacities in accordance with experienced operator advice and uses the
geometric characteristics of the scheme as recorded by historic survey plans. Hydraulic characteristics of
the distributed flows, such as depth of flow, are solved by the model’s operation. An estimation of the
associated losses is calculated from the wetted perimeter and surface area as per the Weir-Storage Loss
Model.

Although the Mass-Balance Loss Model is not a true representation of the regular operations of the
Jemalong Irrigation District it is most representative for estimating losses associated with the
unimpeded diversions to customers outside the Jemalong Irrigation District.

Evaporation

The historic evaporation loss rates used for the hydraulic modelling were derived from data provided by
the Condobolin Agriculture Research Station (CARS). This data set was favourable over Forbes Bureau of
Meteorology data set as it contained 20 years of recent, continuous and complete records.

An evaporation rate simulating the ‘worst-case’ scenario for the Jemalong Irrigation District has been
used in the preliminary Mass-Balance Loss Models to simulate the potential maximum evaporation
‘losses’ that could be expected in the system. In this case, the ‘average summer’ evaporation rate of
9.4mm/day was adopted.

The verification of the Loss Models utilised average monthly evaporation rates shown in Figure 7.1.

Figure 7.1 Condobolin agriculture station average monthly pan evaporation rates 1989-2008
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Source: Boyden & Partners
Infiltration

Infiltration rates were initially estimated using surface soil maps of the Jemalong Irrigation District.
However, this was found to be unrepresentative of soil types at the depths that channels are excavated
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to. Additionally, the only information available for model verification incorporated losses from multiple
sources in addition to infiltration. Therefore, a ‘combined loss factor’ was used to represent infiltration
and all other losses apart from seepage. Refer Section 7.1.4 for further details.

Modelling Procedure

‘Combined loss factors’ for each channel reach in the loss models were determined by calibrating
against the ‘unaccounted water’. These ‘combined loss factors’ represent all of the losses that make up
the difference between measured water diversions from the Lachlan River and invoices sent to water
users, apart from evaporation.

The models were then used to determine the proportional losses during a year of 75% AWD (allocation)
and 43% AWD (allocation). These are the two ‘baseline’ cases. 75% AWD represents the maximum
volume that Jemalong Irrigation Limited are allowed to extract from their entitlement at present and the
second being the average annual general security water availability.

7.1.3 Historical Loss Data

A historical water balance has been compiled using measured diversion and sales information supplied
by Jemalong Irrigation Limited for the period since inception of the company, shown in Table 7.1. These
figures are also illustrated in Figure 7.2 Sales are the amount of water delivered to farms as measured by
Dethridge wheels (or WMOs as they were installed). Diversions are the volume of water diverted from
the Lachlan River onto the scheme, as measured by meters at the Jemalong Irrigation District off-take
adjacent to Jemalong Weir.

Table 7.1 Historical water balance records

‘ o « ”
YEAR SALES DIVERSIONS UN%;?ER'?TED % "L0SS
1996 60,893 70,465 9,572 14%
1997 70,492 87,953 17,461 20%
1998 62,795 83,952 21,157 25%
1999 47,085 66,376 19,291 29%
2000 42,135 63,358 21,223 33%
2001 64,600 86,134 21,534 25%
2002 63,788 85,191 21,403 25%
2003 23,498 31,687 8,189 26%
2004 1,259 3,385 2,126 63%
2005 1,212 3,470 2,258 65%
2006 15,055 27,786 12,731 46%
2007 4,399 7,180 2,781 39%
2008 1,174 2,184 1,010 46%

Note: The ‘unaccounted water’ represent all of the losses that make up the difference between
measured water diversions from the Lachlan River and invoices sent to water users.
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Figure 7.2 Historical records of diversions, sales and the resulting 'unaccounted water' or "losses"
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7.1.4 Scheme Loss Model Calibration/Verification

Preliminary analysis of the Jemalong Irrigation Limited delivery system was conducted using historic
works-as-executed survey plans and a nine-month averaged flow of the maximum existing allocation.
The system was initially modelled as an unrestricted hydraulic Mass-Balance Loss Model to quantify
operational losses across all channel reaches. Losses were determined by the application of average
seasonal evaporative rates and indicative soil type infiltration rates sourced from surface soil maps
supplied by Jemalong Irrigation Limited and from field testing by Boyden & Partners during a field survey
in October 2008.

The results of this procedure tended to produce unrealistically high quantities of water lost.Following a
meeting with an experienced channel attendant in March 2009, it was established that it is not
uncommon for the soil types in the lower sections of channels to differ markedly from those shown on
the surface soil maps. The modelling procedure was modified to reflect the operator’s experience of
ponding time and additional volumes required to ensure correct volumetric delivery to various parts of
the scheme. This provided an anecdotal representation of relative losses from the existing delivery
system. These losses were represented as the ‘combined loss factors’ for each of the scheme channel
reaches. The Weir-Storage Model was developed using this relative loss information.

‘Representative years’ were nominated by Jemalong Irrigation Limited for verification of the Weir-
Storage Model. They included 1995/96, 1998/99, 1999/2000, 2000/01, 2001/02 and 2002/03. These
years represent typical operations of the scheme over a range of diverted amounts. Recorded
operational losses for these years were also provided by Jemalong Irrigation Limited, as shown Table 7.1
and illustrated in Figure 7.3
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Figure 7.3 Jemalong Irrigation Limited historic diversions at the scheme off-take against sales and the resulting
‘unaccounted water’
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Source: Boyden & Partners

Adopting anecdotal reports of losses and operational depths, the preliminary Weir-Storage Model
estimated an average “infiltration loss” of about 45-55ML/day, accounting for up to 80% to 95% of the
daily ‘unaccounted water’ within the Jemalong Irrigation Limited. Note that these estimates are based
on anecdotal information and the actual figure could be outside this range. 5% to 20% of the remaining
‘unaccounted water’ is attributed to evaporation.

With the exception of 1995-1996 and 2002-2003, the results shown in Figure 7.4 for the representative
years indicate the average total ‘unaccounted water’ from the Weir-Storage Model is between 20% and

26%.
Figure 7.4 Historic water balance operational losses versus preliminary Weir-Storage Model losses
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The historic measured diversion against sales report show ‘unaccounted water’ at about 25-34% of total
recorded diversions. This also shows that the anecdotal infiltration loss rates adopted for the Weir-
Storage Model appear to under-estimate the total losses by up to about 7%, or a 23% proportion of the
comparable historic loss.

Evaporation rates within the model are based on scientifically researched values. Calibration of the
models therefore focussed on ‘combined loss factors’ that represent all other losses in the ‘unaccounted
water’ volume besides evaporation.

The Mass-Balance Loss Model was run for diversion supplies to Barrick Gold, downstream of “Jemalong
No.2C” in Division 2. Results indicated an average daily loss of 3.3ML/day for an average diversion of
17.2ML/day (or 20%). This result was confirmed by Jemalong Irrigation Limited staff as being a good
representation of their expectations and records. This indicated that the infiltration factors adopted for
Division 2 were likely to be close to the anecdotal reports for the conditions of Barrick Gold water
supply. The loss rates for Division 2 were adopted.

However, note that this event has a very low flow rate and as a result, the water level does not extend
much higher than the channel base. Infiltration in the channel base may be much lower than in the
channel sides due to sedimentation and it being cut lower, perhaps into underlying clay layers.
Therefore, infiltration rates at higher water levels in Division 2 may be greater than those experienced in
the Barrick Gold delivery run. Complete verification of ‘combined loss factors’ would require detailed
soil testing the channels at several heights in the channel profile.

In order to match the historic water balance losses recorded within Division 1, calibration of the
‘preliminary’ Weir-Storage Model was conducted, by increasing ‘combined loss factors’ uniformly until
model results reasonably matched recorded ‘unaccounted water’ values. The calibrated loss rates in
Division 1 resulted in a close match within about 1.5% of the historic balance for four of the six
representative years, as shown below in Figure 7.5.

Figure 7.5 Historic water balance losses versus calibrated Weir-Storage Model losses

@ Diversions vs Sales Loss O Weir-Storage Loss
WEIR METER «—|— AFFRA METER Q?\o
50.0% b(p'.‘
45.0% -
% - SN

2 40.0% o Q3°\° 'b(?o 000\0
o 35.0% A° & 7 > A
- g 0> o oo o a8 Jo of
3 @ P & AS) g
S 30.0% A v S SIS =
S ¥ L2 1
® 25.0% A
[ 0\
£ 20.0% A kel
o @
2 ?
8 15.0% A
L

10.0% -

5.0% A
0.0% - T T T T T
95-96 98-99 99-00 00-01 01-02 02-03
'Representative’ Year

Source: Boyden & Partners

-49-



]EMALOHs(!BN)@éTION LIMITED IRRIGATIQE%QA{%%EOI}IX%TION PLAN

This model calibration increased the average ‘combined losses’ for the calibrated Weir-Storage Model to
about 55-65ML/day, accounting for up to 98% of the daily losses within the Jemalong Irrigation Limited.
Note that these estimates are based on anecdotal information and the actual figure could be outside
this range.

The modelled loss results of the representative years 1995-96 and 2002-03 were found to be
inconsistent with the historic water balance of the other four tested representative years. Reasons for
the comparative disparity of these results could include significant operational differences to other
nominated years, large errors in flow measurements or some other unknown error.

On the basis of extensive modelling, subjective review of all known data, calibration and good
agreement with the historic water balance for four of the six representative years, Boyden & Partners
consider the Weir-Storage Loss Model to be a good representation of the ‘unaccounted water’
associated with the operations of the Jemalong Irrigation District.

In order to confidently advance the knowledge of specific loss rates experienced by Jemalong Irrigation
Limited during operations, exhaustive infiltration testing in all operated channels would be required.

7.1.5 Baseline Scheme Losses

A summary of the estimated total losses associated with the regular operations of the existing and
future Jemalong Irrigation Limited delivery system, as determined by the calibrated Weir-Storage Model
is indicated in Table 7.2. The water year 2000-2001 were selected as a representative historic year for
the determination of operations over 9 months with a high AWD. A 7 month scenario was also modelled
for the 43% AWD year. This scenario represents the production regime that irrigators are likely to use
during a year with 43% AWD.

Table 7.2 Estimated baseline scheme channel losses within the Jemalong Irrigation District

SCENARIO Baseline Baseline Baseline

Scenario Description

9 month scheme
operation, based
on atypical year

9 month scheme
operation, based
on atypical year

7 month scheme
operation, based
on advice from

(2000/01) (2000/01) the JIL Board
ANNUAL ALLOCATION (ML) o el el

Total evaporation losses (ML/YR) 2,102 2,077 1,762

Proportion of evaporation losses to allocation (%) 2.8% 4.8% 4.1%
Total all other | ML/YR

otal all other losses (ML/YR) 18,882 18,540 14,663
(represented by the ‘combined loss factors’)

Proportion of all other losses to allocation (%) 25.2% 43.2% 34.1%

2 ALL LOSSES (ML) 20,984 20,617 16,425

Total Proportion Loss of Allocation (%) 28% 48% 38%
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7.2

On-Farm Losses

Information provided by Western Land Planning’s On-Farm Water Efficiency Plans indicates that water
loss during conveyance, storage, field application and recycle management may be significant in specific
locations dependent on the size, composition and underlying geology of the delivery structure.

Table 7.3 Estimated baseline on-farm losses within the Jemalong Irrigation District

I Structure
On-Farm Irrigation Component . . Losses
Dimensions

Estimated Irrigation Storages
Total irrigation storage volume 1500 ML
Estimated evaporation losses over 90 days
in 43% AWD (allocation) year'

Estimated infiltration losses over 90 days in
43% AWD (allocation) year *

Estimated On-Farm Channels

Total irrigation supply channel length
assumed utilised in a 43% AWD (allocation) | 219km
year

Estimated evaporation losses on channel
length assumed to be used in a 43% AWD Negligible
(allocation) year®

Infiltration losses (supply only) on channel
length assumed to be used in a 43% AWD 1,421 ML
(allocation) year

Estimated In-Field Application

oML

0 ML

Field water use efficiency 60%

In-field losses for 43% AWD (allocation) 12,290 ML
Estimated Total On-Farm Losses (ML) 13,711 ML
Water delivered on-farm (43% AWD) 33,930 ML

Estimated Total On-Farm Losses (% of

water delivered to the farm gate)
(a)

40%

Evaporation and infiltration rates as determined for the On-Farm Water Efficiency Plans. It is

assumed that in a 43% AWD year irrigation storages would not be utilised.

(b) Estimated infiltration losses have been calculated for supply channels only. Losses associated with

tailwater management are included in “field water use efficiency”. Tailwater drains in need of
realignment and upgrading can yield an additional 15% efficiency gain (on water that flows out the
downstream end of the field after application).

© This figure does not account for rainfall. Rainfall will supplement water requirements at a rate of

1ML per hectare for 100mm of rainfall. Under average conditions the Forbes district can expect
approximately 287mm of rainfall over the summer or winter cropping season.

The baseline level Water Use Efficiency (WUE) of 60% is obtained from flood irrigation on land-planed
irrigation land (On-Farm Water Efficiency Plans, Western Land Planning 2009). This WUE increases to
70% for upgraded (laser-levelled) land, tail water reuse and irrigation scheduling and management that
adheres to data from soil moisture sensors. The Jemalong Irrigation District irrigators have generally
laser-levelled their fields and installed tail water systems; however there is not a widespread use of soil
moisture sensors.
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7.3 Total Losses

The combined losses that could be anticipated to occur during a year with a 43% AWD are shown in
Table 7.4

Table 7.4 Estimated losses within the Jemalong Irrigation District during a 43% AWD (allocation) year

Component Volume

Scheme Losses 16,425 ML
On-farm Losses 13,711 ML
ISTF;QLIAII.\IC-)I-S:(IE)%I-:I-R((:AI\I/-I)SCHEME OFF-TAKE 30,136 ML
TOTAL VOLUME ALLOCATED AT 43% AWD 42,473 ML
TOTAL LOSSES FROM SCHEME OFF-TAKE 71%

TO PLANT ROOT (% OF AWD)

Note: there are several assumptions in the derivation of this figure that may lead to
a higher value than would actually occur. The assumption that is likely to have the
largest impact is that all of the main scheme channel sections are assumed to be at
full supply level for the entire 7 month duration. In reality, it is unlikely that this
would actually occur. However, without means to make an accurate assessment of
how much of the channel would actually be utilised and for what duration, the most
conservative approach has been taken.
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8.1

8.1.1

ALTERNATIVE PRACTICES AND TECHNOLOGY UPGRADE OPTION

ELEMENTS

This section sets out in detail the various components that are available for modernisation of the

Jemalong Irrigation District’s channels and on-farm infrastructure. These are referred to as Option

Elements. Option Elements that have progressed beyond initial assessment have been combined into

the Modernisation Options.

The Option Elements provide improvements to water efficiency through infrastructure development

and/or water management practices. It is the aim of the Jemalong Irrigation District to develop future
projects that could be considered under the Sustainable Rural Water Use and Infrastructure Program to
support the implementation of water saving measures. In addition to these measures, there are also

changes to agronomic practices in the district that will improve farmers’ ability to adjust to reduced

water availability in the future as set out in section 8.3.

Scheme Engineering Option Elements

Scheme Channel Upgrade

Upgrade option elements for the main delivery channels that are considered feasible for the Jemalong

Irrigation District include the following:

Table 8.1 Scheme channel upgrade technologies relevant to the Jemalong Irrigation District

General

Technology Type

Technology Sub-Type

High Density Polyethylene
(HDPE)

Synthetic lining

Ethylene Propylene Diene
Monomer (EPDM)

Coated Geo membrane

HDPE PIPES

Pipes
Concrete pipes
Selected Clay lining
Earth liners
Modified Clay
Trowel led
Concrete lining
Shot Crete

A complete assessment of all possible technologies is provided in the Product Review in Appendix C.
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8.1.2

Channel Option Elements assessment

Each of the modernisation elements that were considered to be applicable to the Jemalong Irrigation
District channels underwent analysis using a multi criteria matrix system. Each technological option was
scored against a set of suitability scores, 3 for most suitable, 2 for just suitable and 1 for least suitable.

The parameters that each element was scored against included the following:

e Infiltration (vertical)

e Infiltration (lateral)

e Evaporation

e High Watertable

e Channel Downtime during construction
e Prone to Stock/Animal damage
e Requires to be fenced off

e Small channel dimensions

e Llarge channel dimensions

e High water velocity

e Ongoing channel maintenance
e Weed spraying

e Lifespan

e Material supply Cost

The scores were tallied and the elements that scored the highest were considered to be the most
suitable. Those that scored the least were considered to be less suitable

Scheme channel gating and metering

Modernisation of irrigation infrastructure may involve retrofitting automated or remote controlled
control gates within Jemalong Irrigation Limited scheme channels to replace the existing manual
operated check gates and regulators. Modern controllable and metered gates enable accurate flow and
water level measurement at each structure, as well as providing labour and time savings in gate
operation.

Supporting the gate and meters is a system wide controller which includes a computer with real time
communications, modelling and control software.

Gates

Gating is dependant to an extent upon the nature of the infrastructure modernisation. Where pipes are
proposed to be used, gating will be dependant on the location of flows splits as opposed to controlling
ponding systems. Where lining is proposed, gate upgrades are recommended to further improve
operation efficiency.

The type of gate used is dependant on the flow conditions required for the location. A gate’s physical
function is commonly one of the following three forms:

e Undershot gates
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e Overshot gates
e Undershot/overshot gates

Undershot/overshot gates provide a controlled method of retaining water. The gate can be opened at
either the bottom or the top. This function is ideal for carefully adjusting the level at which water is
retained.

A modern overshot gate such as a Flume gate is preferred due to its ability to accurately measure and
control flows. It is proposed that each of these gates be controlled via telemetry and be metered.

Figure 8.1 Flume gate and attached control box

Source: Rubicon

Metering

Under the terms and conditions of water extraction licences, water extractors in NSW are required to
have a meter fitted to the extraction works.

The NSW Water Extraction Monitoring Policy addresses the use of water meters and other monitoring
techniques in NSW. In addition, the Department of Water and Energy, in conjunction with State Water,
has developed the NSW Water Extraction Monitoring Standards which set criteria for the installation of
water measurement devices. National standards for water meters are currently being developed under
the National Water Initiative. These will apply to meters that are used by State Water for billing
purposed and that are installed after the date that the National Standard commences.

There is a possibility that all metering considered for Jemalong Irrigation Limited main delivery channels
and farm off-takes could comply with the above standards when they are announced, this will be in line
with best management practice. Gate upgrades may include metering connected to a channel control
system that will give Jemalong Irrigation Limited greater control over the delivery system.
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Figure 8.2 Flume gate with control

Source: Rubicon

8.1.3 Lateral Off-take Metering at Farms

Compliance with new national non-urban water meter standards (ATS 4747, NMI M10 and NMI M11)
may be required for the individual farm off-takes within the Jemalong Irrigation District as these
locations are used for the billing of water. The upgrade of farm off-takes has been commenced within
the Jemalong Irrigation District to bring the scheme up to best management practice standards and
improve internal measurement and accountability, as discussed in Section 4.7.4. Jemalong Irrigation
Limited plans to continue this replacement program in line with The Jemalong LWMP. Patent approval is
pending on these meters. All meters that are required to meet the new standards will need to be
replaced with approved models within 10 years of the legislation coming in to force.

The conversion of Dethridge wheels to Water Management Outlets (WMOs) improves measurement
accuracy greatly, assisting Jemalong Irrigation Limited in irrigation scheduling and delivery management
of the scheme. The larger capacity of the WMOs can also improve the water efficiency of irrigation
application.

8.1.4 Scheme off-take upgrade

The off-take for the Jemalong Irrigation Scheme is adjacent to the Jemalong Weir. This off-take currently
has the capacity to deliver the required volume through the system. If sections of the system were to be
piped in a pressurised pipe, a pump station would be required to be installed at the off-take. The
existing Jemalong Weir off-take would still remain if required to augment flows in remaining open
channels.

8.1.5 Jemalong Weir Upgrade

At present the upgrading of the Jemalong Weir was not considered as it would be a costly exercise and
would achieve very little in terms of water saving.

8.1.6 Scheme management

For options that utilise a gravity system, the system would be required to run in a similar fashion to the
existing system to be able to meet irrigators’ demand. Other scheme management technologies that
could be considered by Jemalong Irrigation Limited to manage this operation include:

e Water Level Sensor Managers
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e Camera operation/observation of water levels
e Automation of weir and water balances

8.1.7 Stock and domestic water delivery upgrade

The Jemalong Irrigation Limited water licensing agreement includes an obligation to supply a high
security stock and domestic allocation to shareholders. Under the present stock and domestic supply
system Jemalong Irrigation Limited experiences significant losses.

Four preliminary stock and domestic systems are proposed for review by the Jemalong Irrigation Limited
Board. Each system has been based on the stock and domestic entitlement held by Jemalong Irrigation
Limited.

Table 8.2 Stock & domestic water supply upgrade alternatives reviewed

Stock and Domestic | Description
System Number

The pipelines in this option follow the existing channel system. The stock

SDF1 and domestic requirement is delivered over a 24hr period for 365 days.

SDE2 The pipelines in this option follow the existing channel system. The stock
and domestic requirement is delivered over a 12hr period for 365 days.
This option features a layout that follows the roads where possible and

*SDF3 has the ability to deliver the required volume of water over 24hrs for 365

days

This option features a layout that follows the roads where possible and
*SDF4 has the ability to deliver the required volume of over a 12 hour period for
365 days of the year

*Use of the road reserves in these alternatives is subject to conditions that are set by Council and/or the RTA as the road authority.
8.1.8 Option elements progressed to detailed investigation

After initial assessment, the most appropriate materials and technologies within each of the following
option elements were progressed to more detailed analysis:

e Scheme Channel Upgrade

e Scheme channel gating and metering

e Lateral Off-take Metering at Farms

e Scheme off-take upgrade

e Stock and domestic water delivery upgrade
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8.2 On-Farm Technology Option Elements

The following technology and management practices have been identified in the On-Farm Water
Efficiency Plan process as potential upgrade elements for the Jemalong Irrigation District:

e On-farm reticulation of stock and domestic water

e On-farm water delivery channel upgrade, reconfiguration and lining

e In-field water application technology. This has been matched to high quality water holding
capacity soils through the On-Farm Water Efficiency Plans. In-field technology includes sub-
surface drip systems, lateral move and pivot overhead sprays and flood upgrade configurations.

e In-field soil moisture probes to optimise irrigation scheduling and water use

e On-farm recycling systems to include holding areas that are subdivided and deepened to reduce
evaporation and infiltration losses. Surface coverings for protection to reduce evaporation
remain under development. As they become commercially available, individual irrigators may
choose to utilise the technology

e Farm off-take metering upgrades

e Increased use of vegetation to assist in reducing evaporation for irrigation fields and water
storages

8.2.1 In-field Soil Moisture Probes

A probe is inserted into the soil at specified sites in the field. The probe detects a reading that
corresponds to soil moisture. Readings are taken at representative intervals, which are recorded by a
data logger. The sensors are located to suit the rooting depth of the crop and can be connected to a
central data logger by cabling or radio frequency to record readings at pre-determined intervals. The
system provides the irrigator with information to analyse soil moisture levels in order to interpret
scheduling requirements for the crop demands. This will ensure water application rates match crop
demands and prevent over watering by the operator.

8.2.2 In-field Irrigation Application Technology
Lateral move irrigation

Lateral moves are characterised by a boom, mounted on wheels, which extend the width of the field.
The boom moves down the length of the field, powered by a diesel motor at one end. Water is drawn
from the same end of the boom, either from a supply channel or hose that runs the length of the field.
Sprinkler heads, dropped vertically from the boom hose by connector hoses, or ‘socks’, are spaced at 1-
2m intervals. The vertical drop from the boom reduces carriage by wind and evaporation and can be
adjusted according to crop type and height. Lateral move irrigators are generally suitable to rectangular
fields, and are a flexible irrigation option in that they can be moved from one field to another.

Centre pivot irrigation

Centre pivots also have a boom with sprinkler heads dropped vertically, however one end is fixed at the
centre of the field and the boom ‘pivots’ around the centre in a radial fashion. Centre pivots apply water
using the same boom fit-out as lateral moves with the main point of difference being that the system
draws water from a fixed supply pipe. While the circular irrigation field that results may under-utilise
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potential irrigation land, benefit is gained in water efficiencies through the piped supply system. Centre
pivots are not easily moved from one field to another.

Sub-surface drip irrigation

Sub-surface drip irrigation consists of permanently placing drip tape/pipe underground at an
approximate depth of 20-40cm. This tape or pipe has small emitters at various spacing’s that deliver
water to the plant root zone. Evaporation and wind drift are negated by the water being applied within
the soil. This system has the capacity to precisely apply liquid fertilisers. It can also be automated with
integrated moisture probes enabling micro pulse applications which prevent overwatering and deep
drainage.

Upgraded flood irrigation

Flood irrigation fields can be upgraded for greater efficiency via irrigation scheduling, more efficient
water application techniques and laser-levelling and water recycling systems. Upgraded flood irrigation
will also include EM 38 survey work to identify water holding capacities (WHC) for various soil types. The
results of these surveys will determine sites for installation of capacitance probes for water scheduling
management.

In-field irrigation application technology efficiency rates and uptake

Information on each of the irrigation application technologies is summarised in Table 8.3. Average water
use efficiency for the different technologies has been verified by a range of industry groups.

Table 8.3 Field Infrastructure Water Balance

System Average Cost Comments
water use
efficiency
Lateral 70-80% $3000- e Potential for water loss, especially on crusted
5000/ha" soil types

e Mobile, limited only by channel length
e Relatively simple to upgrade or modify

Pivot 75-85% $3000- e Potential for water loss, especially on crusted
$4000/ha soil types

e Can draw from piped source

e Not mobile, limited to 80 hectares

e Good for light textured soils

Drip 88-95% $7000- e Comparatively good water use efficiency
$8000/ha | e Can be drawn from a piped source

¢ Not mobile

o Will last for up to 25 years

e Relatively difficult to upgrade or modify
Flood 60-70% Up to e Cost effective for smaller areas

Upgrade $1000 /ha | e Can be applied as a supplementary upgrade
e Limited water efficiency increases

e Low capital investment

Note: @ An approximate cost per hectare is difficult to determine as costs are dependant more on the width of field
irrigated and thus on the number of spans.
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The On-Farm Water Use Efficiency Plans completed for every property within the Jemalong Irrigation
District highlight the preferred upgrade technology for each farm, as matched to the most suitable soil
types. Aggregated estimates for water savings associated with the proposed technology uptake of each
farm are provided in Section 12.2.

These plans were developed individually with close consultation with land managers. A detailed review
of the On-Farm Water Efficiency Plans will be required before finalisation of contractual agreements
relating to modernisation infrastructure funding.

8.2.3 On-farm storage recycle systems

In addition to benefits in water use efficiency, irrigation water recycling systems ensure pesticide runoff
does not contaminate waterways, clean irrigation water & stock/domestic supplies. If storages are to be
used, water efficiency can be optimised by small strategic, deep structures. Lining of the storages is a
possibility and research into various types of surface protection to reduce evaporation is feasible and
will be highlighted in the product review in Appendix C.

8.2.4 On-farm channel upgrade

Infiltration rates of less than 1 mm per day are possible through the refurbishment of existing channels.
The most cost effective method of increasing water efficiency of on-farm channels is to line them, for
which a wide range of materials is available on the market.

8.2.5 On-farm stock and domestic water upgrade

Surface water for stock and domestic use is currently sourced from the main scheme supply channel.
When water is available to service stock and domestic requirements, supplies are generally stored in
dams to ensure continuous supply to stock. During times of low AWD, there may not be sufficient water
to cover transmission losses in the delivery of stock and domestic requirements.

The provision of a secure stock and domestic piped water delivery system is being assessed under the
engineering option elements. On-farm components of an upgraded stock and domestic system include
the provision of tanks and troughs with associated on-farm pipe network.

A secure stock and domestic system will guarantee access to water for households and livestock
throughout the Jemalong Irrigation District. On-farm stock and domestic reticulation and storage
upgrade will reduce evaporation and infiltration losses, reduce ground water demand from local bore
resources and will ensure the viability of dry land agriculture independent of irrigation resources. These
benefits are particularly important during low allocation years.

8.3  Opportunities for Alternative On-Farm Land Use and Management
8.3.1 Alternative winter cropping

Farmers within the Jemalong Irrigation District have suggested through the On-Farm Water Efficiency
Plans that they will target early winter/spring season crops during times of below-average allocation to
reduce water demands. Alternative winter cropping regimes are considered to be the most feasible
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8.3.2

8.3.3

option to best utilise available water allocations, system peak demands and crop requirements.
However, decisions regarding water use will also take into consideration commodity prices.

Opportunities for alternative winter cropping were highlighted in the On-Farm Water Efficiency Plans
produced for each farm, utilising data sources and templates for comparative crop gross margin analysis

shown in Table 8.4.

Table 8.4 Gross margin analysis for winter cropping

Irrigation Production | Gross Margin | Gross margin
Crop requirement estimates returns returns
(ML/ha) (units/ha) (S/ML) ($/ha)
Oilseeds 4 2.5 tonnes $322 5484
Cereals 4 5 tonnes $153 $384
Lucerne 6 6-8 tonnes $211 $1269
Horticulture 2-4 Boxes $562 $2250

Notes: These values are an average for NSW provided by the NSW DPI.

Alternative summer cropping

Alternative summer cropping options are considered to be less feasible due to higher plant water
demands as a result of heat stress and evaporation conditions. However, consumer demand for summer

crops can influence commodity prices such that they are a viable option for irrigators.

Table 8.5 presents the data sources and templates used for the comparative crop gross margin analysis

of summer cropping alternatives sourced from the NSW Department of Primary Industry.

Table 8.5 Gross margin analysis for summer cropping

Irrigation Production Gross Margin | Gross margin
Crop requirement estimates returns returns
(ML/ha) (units/ha) (S/ML) ($/ha)
Maize 10 10.5 $189 $1890
Lucerne 13 15 tons $192 $2496
Pasture 5 10-12 DSEs $22/DSE $220

Notes: These values are an average for NSW provided by the NSW DPI.

In the On-Farm Water Efficiency Plans farmers acknowledged the potential of utilising water on high

value crops as presented in the table above.

Horticulture

The Lachlan Valley has an extensive history of high value horticulture crops including viticulture, citrus,
native foliage, vegetables and miscellaneous stone fruit production. The ability to deliver water more
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consistently and utilise it more efficiently would allow expansion of these crops which would in turn
increases the return per megalitre of water within the region.

8.3.4 Intensive livestock

The Jemalong Irrigation District has the capacity to graze up to 4.5 to 12 dry sheep equivalent (DSE) per
hectare on a rotational plan. During periods of low pasture production stock feed may be supplemented
with fodder crops including hay and/or grain crops.

Jemalong Irrigation Limited and its shareholders have a diverse range of livestock enterprises including:

e Dairy production including fresh milk production (cows and goats)
e Prime lamb production for local and export human consumption
e Beef production including feedlots for local and export markets

A secure quality stock and domestic water delivery system will ensure livestock production continues for
direct human consumption markets particularly during low AWD (allocation) years and irrespective of
climate change.

8.3.5 Natural Resource Management Opportunities
Improved grazing management

A guaranteed separate stock and domestic water delivery system will also promote the development of
best practice rotational grazing systems and promote animal health through quality drinking water. This
will have a direct impact on maintaining ground cover and reducing the impact of sediment runoff.

Soil management

Jemalong Irrigation District farmers have high utilisation levels of best management practice for soil
management, including stubble retention, which assists in maintaining soil structure, nutrient loads and
in reducing soil evaporation and excessive storm water runoff.

Areas that require remediation were identified through the “On-Farm Water Efficiency” planning
process. Vegetation corridors were also identified through the plans. These offer benefit to irrigation
and cropping soil by reducing soil erosion and maintaining soil moisture.

Vegetation enhancement

There are extensive remnant areas of vegetation covering a large proportion of grazing land and
perimeter areas of dryland and irrigated land throughout the Jemalong Irrigation District. These
remnant communities have generally been managed effectively. Grazing has been restricted for a large
proportion of vegetation communities for a number of years, with active regeneration and recruitment
activity ensuring the sound structure of communities continues.

Enhanced conservation of the vegetation natural resource base includes the option of designated
grazing zones as identified in the On-Farm Water Efficiency Plans. The management of these zones,
including restricted grazing to allow for vegetation regeneration where appropriate, will assist in
maintenance and improvement of the condition of threatened habitat and ecological communities.
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Potential areas for new vegetation plantings were also identified in the On-Farm Water Efficiency Plans.
Increased vegetation can reduce wind shear and subsequent leaf tissue damage and foliage
deterioration, aid in soil management as discussed above and increase habitat value and fauna
adaptation to climate change, particularly when connecting existing stands of remnant vegetation.

Wetlands and conservation areas

Wetland areas and areas for conservation have been identified on private properties through the On-
Farm Water Efficiency Plans. Additional fencing infrastructure may be required for livestock
management. However, once established, areas designated for the regeneration of vegetation will be
able to support short spells of opportunity grazing. On-farm wetlands have been identified as significant
environmental assets in their ability to link together other major wetlands, and also for local aquatic
plants and fauna habitat values.

Carbon capture

Property owners have expressed interest in evaluating options for native vegetation and its potential
economic value as a carbon commodity. A developing market for carbon trading and carbon
sequestration may enhance the commercial value of less developed agricultural areas on-farm carbon
projects can participate in the Australian Government for Emission Reduction Scheme Initiatives
projects.

8.4 Water Market Exit/Rationalisation

Modernisation planning analysis did not incorporate any information regarding the Australian
Government's Restoring the Balance in the Murray-Darling Basin Program (‘water entitlement
purchases’ or ‘water-buyback’) or Rationalisation Programs under the Water for the Future framework.
As yet, little information is available on irrigation rationalisation as it may be implemented in the
Jemalong Irrigation District.

Jemalong Irrigation Limited has given considerable thought to potential rationalisation of the scheme.
Current thoughts and potential decisions of individual shareholders regarding rationalisation are being
raised through the On-Farm Water Efficiency Plan and board consultation process. Rationalisation is a
decision that will have a significant impact on the future of individuals and the whole scheme.

Should rationalisation of some Jemalong Irrigation Limited shareholders proceed, it will impact on the
overall costs, water savings and technology requirements presented within this Modernisation Plan.
Potential rationalisation within the Jemalong Irrigation District will be addressed in detail should
Jemalong Irrigation Limited choose to apply for funding for infrastructure modernisation.
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9 FUTURE SUSTAINABILITY CHALLENGES AND ISSUES

9.1 Water Availability in the Year 2030

The CSIRO Murray-Darling Basin Sustainable Yields Project was convened by the Prime Minister on the
7™ November 2006. The project’s aim is to provide governments with a robust, basin wide estimate of
water availability taking into account climate change predictions and other risks (CSIRO 2008).

Currently there are 18 Sustainable Yields project reports that cover a range of regions. The Jemalong
Irrigation District falls into the Lachlan Regulated River Source which forms part of the Lachlan Region as
defined in the Murray-Darling Basin Sustainable Yields Project.

The Sustainable Yields project assesses the likely reduction in rainfall using 15 global climate change
models and three global warming scenarios, taking into account different changes in each of the four
seasons as well as changes in the daily rainfall distribution, to estimate changes in average annual runoff
associated with climate change.

It also determines the likely future development of farm dams and forestry that may impact on water
availability. In the Lachlan Catchment, the increase in development to the year 2030 is likely to reduce
water availability by 2% under the best estimate.

Combining the reduction in water availability and increase in development, under the Best Estimate
Future Climate, Future Development model for the year 2030, the CSIRO predict that there would be a
10% reduction in total net diversions, and a 15% reduction in end of system flows in the Lachlan River
Region (CSIRO 2008). High Security town water supplies would not be impacted; however the Lachlan
River Environmental Contingency Allowance (ECA) would be reduced by 12% (CSIRO 2008).

The extreme estimates of high global warming predicted by CSIRO modelling result in mean annual
runoff changes ranging from a 34% reduction to a 17% increase. The range from the low global warming
scenario is a 12% reduction to a 4% increase in mean annual runoff.

To determine the average water availability for general security users for the year 2030, the
conservative approach of taking both the reduction in rainfall and increase in development was
considered. The Long-term Average Annual Extraction Limit of 305,000ML/yr was reduced by 10% to
274,500ML/yr (the best estimate net reduction predicted by CSIRO). All water entitlements with a high
priority were subtracted from this figure, and the result divided by the number of general security unit
shares. The resulting Average Annual General Security Available Water Determination is 36%.

Adopted 2030 Average Annual General Security Available Water Determination

36%
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9.2 Changes in Water Management
9.2.1 Water Sharing Plan for the Lachlan River Water Source

The future water availability figure of 36% is based on CSIRO Murray-Darling Basin Sustainable Yields
Project Water Availability in the Lachlan and the Water Sharing Plan for the Lachlan Regulated Rivers
Water Source. The Water Sharing Plan will remain in effect until 2013. Review of the Water Sharing Plan
after this date may affect water availability and management into the future beyond this date.

9.2.2 Murray-Darling Basin management

The shift from state-based management of the Murray-Darling Basin to national control under the
Murray-Darling Basin Authority is likely to impact on future water availability and management. In
particular, the Murray-Darling Basin Authority is currently preparing the first Murray-Darling Basin Plan,
as required by the Water Act 2007. It is due to commence in 2011.

The Water Act specifies some content of the Basin Plan, including (MDBA 2009):

e limits on the amount of water (both surface water and groundwater) that can be taken from
Basin water resources on a sustainable basis

e identification of risks to Basin water resources, such as climate change, and strategies to
manage those risks

e requirements that state water resource plans will need to comply with if they are to be
accredited under this Act

e an environmental watering plan to optimise environmental outcomes for the Basin

e a water quality and salinity management plan and

e rules about trading of water rights in relation to Basin water resources

The Australian Government’s Sustainable Rural Water Use and Infrastructure program, under which this
Irrigation Modernisation Plan is funded, is anticipated to help irrigation communities make early
adjustments in anticipation of the new Murray-Darling Basin cap on water extractions.

9.2.3 New metering standards

Paragraph 88 of the National Water Initiative (NWI) requires the development of water meter
specifications, water meter installation standards and standards for ancillary data systems. These
standards will apply to water extraction points that are utilised by State Water for monitoring and billing
purposes.

A S90 million dollar program announced in July 2008 is aimed at replacing all privately owned extraction
meters with patent approved extraction meters that meet the new standards. These will be owned,
maintained and managed by State Water.

All other meters within the Jemalong Irrigation District (eg within scheme channels and at each farm off-
take) may be required to conform to the new metering standards.
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9.3 Climate Change

In 2004 the CSIRO and the Bureau of Meteorology released a report on behalf on the NSW Government
which looked at past and likely future changes to NSW’s climate. This report predicted that by the year
2030:

e NSW is likely to become warmer than it was in 1990

e There will be more hot days over 35°C and fewer frost days below 0°C

e Annual rainfall is likely to decline

e Rainfall runoff and stream flows will be reduced by 11%

e Water diversions will be reduced by 8%

e Droughts are likely to become more severe

e The risk of bushfires is likely to increase

e Extreme rainfall may become more intense in central and south-east NSW

The Climate Change in Australia: Technical Report 2007 (CSIRO/Bureau of Meteorology) utilises data
from 23 climate models to provide an estimate on the probable expected changes in climate over
Australia up to the year 2030.

Figure 9.1 Anticipated changes in temperature in NSW as a result of climate change

Source: www.climatechangeinaustralia.gov.au

The above table for temperature prediction estimates that for New South Wales and in particular Forbes
and surrounding area, the temperature will be 1.5 to 2 degrees warmer by the year 2030.
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Figure 9.2 Anticipated changes in rainfall in NSW as a result of climate change

Source: www.climatechangeinaustralia.gov.au

The above table for anticipated rainfall in New South Wales predicts that for the Forbes area average
rainfall will be 2% to 5% lower by the year 2030.

Figure 9.3 Anticipated changes in evapotranspiration in NSW as a result of climate change

Source: www.climatechangeinaustralia.gov.au

The above table for anticipated changes in evapotranspiration for New South Wales predicts that for the
Forbes area it will be 2% to 4% higher by the year 2030.

9.3.1 Climate change and production

Climate change within the Lachlan Valley will have a direct impact on rainfall and corresponding runoff,
most likely decreasing both. Additional impacts include a combination of both positive and negative
benefits for a variety of crops and their productivity. The Lachlan Valley supports significant irrigated
agriculture including cereal, fibre, horticulture and pasture. Higher levels of carbon dioxide in the
atmosphere and low to moderate warming of temperatures may enhance plant growth and extend
growing seasons. However, there may be negative impacts including lower protein content in those
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plants, a significant rise in the number of very hot days could lead to crop damage and yield reductions
and increases in evaporation associated with increased temperature will directly contribute to
reductions in soil moisture and crop water efficiency conversions.

Higher temperature levels will also put heat stress on livestock, which can affect growth and
productivity.

For agriculture to remain viable in the Lachlan Valley, climate change management in the following
areas is important:

e Improving water-use efficiency

e Changing to crops that are more tolerant of heat and drought
e Changing planting times and practices for crops

e Providing more shade and cooling for livestock

e Provide migration corridors for vulnerable animal species

e Review flood and fire management arrangements

9.3.2 Climate change and the environment

The management of environmental assets will also be affected by climate change. The extent to which
changing temperatures, rainfall and extreme events will alter ecosystems is difficult to determine.
However, the CSIRO and DECC anticipate that “reductions in stream flows are likely to have a negative
impact on aquatic biodiversity, wetland ecosystems and associated waterbirds. Plants and animals may
become ‘stranded’ in isolated remnants of vegetation as climate zones change due to a lack of suitable
habitat for migration and more frequent droughts and fires are likely to increase stress on plants and
animals” (CSIRO 2007).

Some of the listed plant and animal species under threat include:

e Box Gum and Grey Box Woodland ecosystems
e Grey-Crowned Babbler

e The Superb Parrot

e Regent Honeyeater

Climate change will heighten the need for conservation efforts to protect the environment.
9.3.3 Climate change and communities

There have been many detailed studies completed on how climate change may affect communities. The
CSIRO (2007) have listed many of the potential impacts:

e Warmer winters — are likely to reduce cold-related ilinesses, but warmer summers are likely to
increase the risk of heat-related health problems, especially in the elderly.

e Warmer temperatures — may contribute to the spread of infectious diseases.

e Houses, infrastructure, commercial buildings and other physical assets — building design and
performance will also be affected by climate change as aspects like structural standards and
cooling and heating demand will need to be taken into greater consideration. For example,
higher summer temperatures may induce the revaluation of building design and standards to
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ensure thermal comfort at minimal cost. Any potential increases in extreme winds may
necessitate more robust construction.

e A study done by Austroads (2004) concluded that climate change would contribute to increases
in road maintenance costs in NSW of up to 25% by 2100, largely due to assumptions about the
effects of climate change and population growth on traffic volumes.

e Increases in the intensity of extreme rainfall events would increase both flash flooding and
strains on water infrastructure such as sewerage and drainage systems, particularly in
population centres. For example, a study by Minnery and Smith (1996) found that climate
change may double flood-related damages in population centres of NSW.

e Insurance risk assessments and premiums are likely to be affected if property is lost or damaged
by flooding, winds or bushfires.

9.4 Lachlan Catchment Action Plan
The Mid-Lachlan Valley is contained within the Lachlan CMA. The Lachlan Catchment: Catchment Action
Plan 2006-2016 details four (4) themes, bio-diversity and native vegetation, water aquatic ecosystems,
land management and people and the community. These themes reflect the priority natural resources in
the catchment and targets that aim to protect and enhance the resources.
Any water savings achieved and delivered by Jemalong Irrigation Limited Irrigation Modernisation Plan
and On-Farm Water Efficiency Planning Projects can substantially enhance key “Water and Aquatic
Ecosystems” catchment targets, including:
e By 2016: 10,000 ML of water delivered more efficiently to benefit of riverine ecosystems and for
identified Aboriginal Cultural purposes
e By 2016: complete and implement a water use efficiency strategy in cooperation with water
users
e By 2016: manage 8 nationally significant wetland sites and 5 regionally significant wetlands for
biodiversity conservation
e By 2016: improve in stream habitat for 80 sites
Water transfer to the CEWH that might occur as part of irrigation modernisation would assist in
achieving these targets.
9.5 Commonwealth Environmental Water Holding

The Australian Government is currently purchasing water from within the Lachlan River catchment
through the Restoring the Balance in the Murray-Darling Basin Program. These water entitlements will
be used to benefit the environmental assets within the Lachlan Catchment as described in this report.

. 2007-08 Government 2007-08 Ffurcha:s es as Water available for
Entitlement Type a proportion of issued .
Purchases (ML) . the environment
entitlements (%)
General and High | 7,514 1.21 3,330
Security
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Water savings achieved by any Jemalong Irrigation Limited Irrigation Modernisation Planning and On-
Farm Water Efficiency Planning Initiatives can substantially add to the Commonwealth Environmental
Water Holding Programme for all users on the Lachlan system.

9.6 Water Trading

Permanent transfers within the irrigation districts and from the river have historically accounted for a
small number of water trades. There is anecdotal evidence to suggest that a substantial proportion of
permanent water trades relate to land sales. The number of permanent trades has increased with the
Australian Government’s Restoring the Balance program.

Temporary transfers account for the majority of water trades. It has been previously quoted that 90% of
the volume of water traded in the Murray-Darling Basin was temporary transfer water (MDBC Water
Audit Monitoring Report — various). Previously unused water known as “sleepers” have been activated
and traded on the temporary market on a regular basis.

Water trading market participants are mostly other water users within the region supplementing
existing water entitlements. Therefore, most trades occur within the irrigation districts or sections of the
valley.

The market price per ML is currently depressed due to low available allocations and supply levels. There
are currently restrictions on the tradability and alternative uses of high security water entitlements

IN the future, frameworks, mechanisms and policies facilitating temporary water trading markets
coupled with irrigation modernisation will:

e Ensure the most efficient use of a scare resource

e Ensure supplementary water is available to support scheme and farm upgrades/ technologies

e Enhance water security for sustainable production level of high value food crops

e Enhance and maintain production levels supporting employment and local communities

e Enable water to be temporary purchased for supplementing environmental flows and
environmental management projects

Frameworks, mechanisms and policies facilitating permanent water transfers out of production within
the district will:

e Have a negative impact on the local economy

e Reduce employment opportunities within local communities

e Reduce water security levels available for the region

e Reduce risk management mechanisms for climate change

e Reduce the availability of temporary water and the benefits associated by this type of trading.
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9.7 Changes in Agriculture, Irrigation and Land Use
9.7.1 Changes in Agronomic Practices

Adapting to climate change will involve the development of farming practices and management that is
both flexible and responsive to fluctuations in climate and water availability. The management of
farming enterprises may become conditioned to maximising opportunities when favourable seasonal
conditions are prevalent. In response, farm infrastructure, planning and production methods will
require the flexibility required for low, medium and high allocation years.

Increasing the diversity of crop production in areas such as the Mid-Lachlan Catchment is essential in
enhancing the economic resilience of farm enterprises. Recent years have shown that the opportunity
for seasonal irrigated and dryland cropping is not always provided as a consequence of low rainfall and
depleted water resources. The value of cropping as part of the farm production cycle is therefore most
apparent in its potential for integration with livestock enterprises. Cropping can be adapted to the
production of higher value and water intensive cropping when water is available and soil moisture levels
are sufficient, while farms can remain viable in low rainfall years with the production of less water
intensive fodder crops.

The potential for change in water management within the agricultural industry is dependent upon the
opportunity for cultural change within farming communities. The development of alternative industries
that will support water efficient cropping and the selling, servicing and implementation of new irrigation
technology are critical to the sustainability of agricultural production in the Mid-Lachlan Catchment.
Such changes will be underpinned by the availability of skill development and knowledge based training
programs made accessible to rural communities.

Future trends have been collated from Jemalong Irrigation Limited farms participating in the On-Farm
Water Efficiency Plans project. Overall trends include:

e A focus on winter production crops which can be effectively grown in conjunction with seasonal
rainfall events, coupled with conservation moisture retention technology that will enable the
farmer to produce in very low allocation years. Small amounts of irrigation water will ensure the
security of the crop under climate change seasonal influences.

e Security of and value adding to livestock production. Drought proofing the district via intensive
irrigation of fodder production will provide security in climate change events. Livestock
enterprises ensure farmers remain viable in low rainfall years. A secure reliable stock &
domestic water supply will underpin this enterprise.

e Reconfiguring on-farm irrigation infrastructure based on likely future allocation predictions.
Landholders are re-prioritising irrigation fields & conveyance networks based on water use
efficiency properties. The aim is to target more efficient layouts to better utilise smaller
allocations during dry years to sustain some production.

9.7.2 Changes in Irrigation Practices

The options for maintaining viable irrigated farming will encompass a synthesis of management
techniques. These include the production of less water intensive crops, changing farm rotations for
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seasonal water fluctuations, sowing crops on soils which contain a sufficient moisture profile and
securing on-farm water supplies to finish crops.

The storage, reticulation and application of on-farm water have also been identified as areas where
proposed investment in new technology can play a significant role in increasing water use efficiency in
irrigated cropping systems. These technologies enhance irrigation prospects by providing additional
water security.

Industry advances in irrigation practices are presented below, based primarily on the succinct summary
provided in Raine (date unknown):

e Changing the irrigation season focus from summer to a winter irrigation cycle. Jemalong
Irrigation Limited members have nominated a shift to winter irrigation for more efficient
production in low allocation years.

e Improving the precision of irrigation applications (i.e. improved selection, design, installation
and maintenance of irrigation application systems and reduced scale of temporal and spatial
irrigation management)

e Greater matching of irrigation technology to soil type

e Increasing the use of tail water capture and recycling systems

e Reducing evaporation and seepage losses from recycle water storages and distribution systems

e Increasing the use of automation and control systems

e Improving the feedback and management linkage between water supply and demand
requirements

e Increasing the use of routine monitoring and reporting systems

e Improving the identification of appropriate irrigation prescriptions and scheduling (i.e. how
much and when to apply water)

e Increase/improving the use of marginal water quality

Significant research and development is being undertaken into these technologies by innovative
irrigators and groups such as the Co operative Research Centre (CRC) for Irrigation Futures, Water CRC,
CSIRO, the Irrigation Research and Extension Committee (IREC), irrigation product producers and
tertiary education centres.

In looking at applying these new technologies and practices, a strong theme that came through the On-
Farm Water Efficiency Plan project was the requirement for change to enable the farming enterprise to
adapt for a changing climate.

9.7.3 Land use change

Climate change and water availability has influenced continued changes in land use to the Lachlan River
Catchment in regards to irrigation production.

There are several scenarios that may eventuate:

e Avreductionin overall irrigated areas
e A change in cropping regimes from irrigated pasture to high yielding small area alternatives
e The development of prioritised application areas and crop alternatives and
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9.7.4

9.8

9.8.1

e The development of production to support value adding enterprises such as feed lots, dairy and
horticulture.

Much of this change will largely depend on the extent to which farmers embrace change and adopt
modern technology.

Irrigation Water Delivery Product Development

At present products are being developed to improve the efficiency of conveyance systems and on-farm
application options. Some of these products are not new, however most were developed for high
volume application methods and are being customised for lower allocation applications. Examples
include:

e Pipe alternatives including size diameters, reducing material grading based on application
requirements

e Earth liners, new soil additives and construction methods

e Hard surface liners including adapting traditional products to meet the requirements of
irrigation channels

e Flexible membrane liners including rubber products and other material alternatives

e Retrofitting gating systems to conveyance products

e Irrigation recycling, storage products and management

e Low pressurised irrigation systems reducing energy demands

e Reducing the cost and complexity of telemetry systems

e Trialling and improving metering application and accuracy

¢ Infield management tools and techniques

These products are currently being trialled in regards to their potential application for circumstances
similar to Jemalong Irrigation District water delivery.

Challenges and Opportunities Specific to the Jemalong Irrigation District and Jemalong
Irrigation Limited

The following issues have been collated from consultation with Jemalong Irrigation Limited
shareholders.

The Jemalong Land and Water Management Plan

Jemalong Irrigation Limited identified challenges that face the irrigation district in their Land and Water
Management Plan, as follows:

Original strategies for the district included the following targets to be achieved by 2015:

e Landforming — 90% of delivered water must be applied to either:
o Surface irrigation layouts that are land formed
o Sprinkler irrigation layouts
o Micro irrigation layouts
e Farm planning — 90% of the delivered water to be supplied to farms which have a farm plan
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9.8.2

9.8.3

e Recycling system — 90% of the delivered water to be supplied to paddocks that can be serviced
by a recycling system

e Water Management Outlets — strategic installation of WMO meters

e Soil Fertility Tests — all paddocks undergo soil fertility tests every three years

o Improved pastures — replace 10,400 hectares of annual pastures with perennial pastures

e Fencing Remnant Vegetation — 2,800 hectares of remnant vegetation to be fenced off

e New Tree Plantings — 300 hectares of new trees to be planted

e Flood Way Levies — construct all exclusion levies

e Rain Rejection Storages (storages to contain ordered water that is no longer required due to
rainfall) — construct all storages

Work is currently underway to meet these targets. Concurrently, the Land and Water Management Plan
is currently being updated.

Jemalong Irrigation Limited Internal Survey

In July 2007 Jemalong Irrigation Limited commissioned a Survey of Shareholders of Jemalong Irrigation
District (Hassell and Associates Pty Ltd 2007) to identify operational and strategic issues within the
scheme. Mail respondents totalled 23 and a further 12 shareholders were contacted by telephone.

Future issues that were highlighted in this survey that are yet to be addressed include:

e Infrastructure — Channel seepage was identified as the most pressing issue for improvement.
Shareholders are open to Jemalong Irrigation Limited being involved in water trading.

e Constitutional Changes — an option has been identified to have an independent director on the
board.

As mentioned previously, it is important to note that shareholders in the Jemalong Irrigation District
were considering these issues prior to the announcement of funding under Sustainable Rural Water
Use and Infrastructure. It is also noteworthy that these two issues are assessed within this Irrigation
Modernisation Plan.

Modernisation Consultation Planning Findings

Issues being discussed in the modernisation consultation process with landholders involved in
developing On-Farm Water Efficiency Plans include:

e Atarget for water loss reduction to less than 25% over a range of allocations

e To strategically manage water runs with members to reduce the number of wet-up losses
associated with the scheme delivery system

e Continual investment in the development of automated metering outlets over time for accurate
data management and better scheduling practice

e Investigate ways to strategically upgrade channel hot spots (high loss areas) to maximise
channel efficiencies in high use sections of the scheme

e Investigate alternative channel management options for stock & domestic purposes

-74-

IRRIGATIQE%eMgBEOI}IXQﬁTION PLAN



JEMALOHS(I_BN@éTION LIMITED IRRIGATIQE%EM{%IZEOI}IX?#TION PLAN

Where does Jemalong Irrigation Limited see itself in the year 20307?

e Maximising technology uptake for efficiency purposes for both scheme and on-farm

e Flood irrigation upgrades and more appropriate in-field technology utilisation for high value
crop alternatives

e Promote the long term sustainability of farms including the support of non irrigation enterprises
and farm family benefits via a secure stock and domestic water supply system

e Enact the environmental projects for vegetation management, soil structure management and
the protection of environmental assets coupled with sustainable farm production practices set
out in the Land & Water Management Plan

e Afinal challenge for Jemalong Irrigation Limited is the management of changes to memberships
in response to the Water Market Rules 2009 and Water Charge (Termination Fees) Rules 2009

9.8.4 Constraints for Modernising the Jemalong Irrigation District - Ground water

Groundwater levels in the Jemalong Irrigation District have been high previously. Separate to the
influence that irrigation may or may not have on groundwater levels, there is potential that they may
rise again in response to recharge from significant flood events.

This is a major issue for any engineering upgrades to be carried out in the channel. In the case that the
water table levels rise to within 2m of the surface, there is a potential risk that infrastructure such as
channel linings may float above the water table and thus suffer major damage.

9.8.5 Constraints for Modernising the Jemalong Irrigation District - Grades

Through a grade analysis that was carried out on the Jemalong Irrigation District it has been established
that many of the channels have grades in the order of 0.02%-0.03% and some with as little as 0.01%-
0.02%. Lack of grade makes it very difficult to recommend a wide variety of pipe types. The roughness of
the pipe’s internal diameter becomes especially important with low grade. Therefore, only a limited
number of pipe types are suitable for transporting water through the Jemalong Irrigation District.
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10 CONSULTATION METHODOLOGY AND OUTCOMES

10.1 Consultation Methodology

It was considered that the most useful information regarding individual or group’s thoughts on the
future of irrigation in the region could be gained by meeting with stakeholders on a one-on-one basis.

Meetings were held with representatives of groups that play a role in agriculture, irrigation, water and
environmental management within the Mid-Lachlan Region. Questionnaires were distributed to these
representatives to gain feedback on standardised issues. A copy of the questionnaire is contained in
Appendix B.

Individual farmers within the Jemalong Irrigation District were consulted through the On-Farm Water
Efficiency Plan project. Information on the aims of the Irrigation Modernisation Plan and the process of
irrigation modernisation through the Sustainable Rural Water Use and Infrastructure program was
provided to farmers. Of equal or greater importance, the views and future plans for each farmer was
discussed. This accrued into substantial knowledge regarding the potential future of the Jemalong
Irrigation District.

Regular meetings with the Jemalong Irrigation Limited board maintained the flow of information and
ensured that the Modernisation Plan reflects the desires of the Jemalong Irrigation District.

10.2 Stakeholders Consulted

10.2.1 Key Water, Irrigation and Agriculture Industry Groups

Key industry groups relating to irrigation and agriculture in the Mid-Lachlan Region incorporated Lachlan
Valley Water, the CRC for Irrigation Futures and NSW Irrigators’ Council were consulted.

Representatives from State Water provided valuable information on the management and operation of
the Lachlan Regulated River Water Source and historical water availability data.

10.2.2 Government

The two main local government bodies within the study area are Forbes Shire Council and the Lachlan
Shire Council. Discussions held with each of these focussed on the importance of irrigation within their
region, the potential impact of reduced irrigation under a climate change scenario, the potential impact
of irrigation infrastructure upgrade and socio-economic information available for their council area.

In addition to local government, discussions were held with the NSW Department of Primary Industries,
NSW Department of Water and Energy and the Murray-Darling Basin Commission (now Authority).

10.2.3 Economic and Regional Development Groups

Groups concerned with the development of rural and regional areas and their economic viability were
consulted regarding the role of irrigation within the Mid-Lachlan Region and the potential benefits of
the Irrigation Modernisation Project. The NSW Department of State and Regional Development, Central
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NSW ACC, the Commonwealth Bank of Australia, ABARE and the Bureau of Rural Science were included

in these discussions.
10.2.4 Indigenous Groups

Possibilities for indigenous employment opportunities arising out of infrastructure construction and
increased long-term farm labour requirements were discussed with the Indigenous Coordination Centre.

10.2.5 Jemalong Irrigation District Infrastructure Users

As one of the major non-shareholder users of the Jemalong Irrigation District infrastructure, Barrick Gold
was consulted regarding their anticipated future water requirements.

10.3 Consultation Findings
Trends have been drawn from the consultation process, are presented below.

The majority of stakeholders believe irrigation in the Jemalong Irrigation District needs to become more
efficient to remain viable with lower water availability (either due to climate change or less being
available to buy off-river).

Over the last 6 years with minimal allocations, some landholders have learnt to live as dryland
operations but smaller landholders rely on irrigation. However, there have been significant negative
impacts:

e People have had to sell water to stay viable — however this has impacts on the long-term socio-
economics of the region.

e There has been a noticeable reduction in industry, school and general population as farmers
cannot support their own families let alone workers (and their families).

e This has the obvious flow on effect to all local businesses and has the corresponding
compounding effect.

e School numbers have reduced as less farm labour is required.

e Suppliers of rural inputs are under great financial pressure because of some producers’ inability
to pay for inputs.

e There has been a cost to the community health.

e The use of bore water has increased and placed greater pressure on the stressed aquifer
underlying Jemalong.

The main pressures on water resources over the next 20 years are perceived to be irrigation and the
environment. Urban expansion is considered to have a slightly smaller impact, along with mining.

The irrigation industry is seen as shifting towards higher value crops utilising more efficient irrigation. An
anticipated increase in technology is frequently noted, from automation of irrigation water application
and delivery to online water ordering.

The importance of commaodity prices and the possibility of these increasing as the world population
grows and water and land become more scarce is also noted in regard to the viability of irrigation in the
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long term. “If food security becomes an issue we could see a swing back to more emphasis placed on
irrigation” (Jemalong Irrigation Limited Board/review panel member).

There is concern regarding the amount of buyback and its impact on the regional economy. In parallel
with this is the perceived continuing trend of population decrease in the region. “It concerns me that as
the rural population continues to decrease there will be a lack of expertise in the district to guarantee
proper management of the assets.” It is largely felt that if food production becomes paramount, there
may be an increase in rural populations, counterbalanced by technology upgrade.

The “competing needs of humans for food and fibre (and now bio-energy) versus human desire to
provide environmental flows and a sustainable environment” were highlighted (Jemalong Irrigation
Limited Board/review panel member).

The most important regional environmental assets were identified as wetlands (especially Lake Cowal in
the local area), the Lachlan River, the people, groundwater, remnant vegetation and sustainable
farmland. In order to protect and enhance these assets, suggestions included putting water aside to
maintain them, sensible results governing river operation making as much use as possible of synergistic
water delivery between the environment and extractive uses, and trying to mimic a more natural flow
regime.
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11 OPTIONS FOR IRRIGATION MODERNISATION

The proposed options for modernising the Jemalong Irrigation District are presented in Table 11.1. Each
component of the options is outlined below.

11.1 Scheme Channel Components of Modernisation Options

Information collected from loss modelling and assessment of the Jemalong Irrigation District’s physical
characteristics has enabled identification of channels within the Jemalong Irrigation District that suffer
the greatest proportional losses. From this information decisions regarding the most appropriate
upgrade options have been proposed.

Anecdotal and modelling results have shown that Division 1 accounts for a relatively higher proportion
of losses than Division 2. Therefore, decisions based on water savings against capital input indicate that
upgrading the channels in Division 1 may have a higher cost/benefit ratio on a ‘whole of Division’ basis.
However, it is likely that targeting discrete areas of higher losses in Division 2 would be highly beneficial
also. Additional information on infiltration losses throughout the scheme would allow an improved
understanding in this regard.

Given the amount of data available at present, the Options presented in this Modernisation report
present blanket technology upgrades for Division 1 and Division 2.

11.1.1 Option 1: ‘Do nothing’

Option 1 represents a ‘no change’ scenario. Scheme channels, management gates, on-farm
infrastructure, stock and domestic supply and management operations are anticipated to continue as
they are at present.

11.1.2 Option 2: Stabilised Backfill

This option involves lining the existing channel network with a stabilised backfill. Backfill material of a
suitable standard is very important. Soils must be low in permeability, free from shrinkage and swelling,
and should have good stability and erosion resistant properties for use in side slopes. The backfill would
ideally be ameliorated with a binder such as cement. An infrastructure upgrade would also be necessary
and would include the replacement of Dethridge wheels with Water Management Outlets and the
replacement of check gates with modern flow control gates with the capacity to be fitted with meters.

Figure 11.1 Example configuration of stabilised backfill

STABILISED BACKFILL
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Table 11.1 Jemalong Irrigation Limited Irrigation Modernisation Options

Option On-farm channels
Number Scheme gating and On-farm irrigation upgrade and soil Stock and domestic
Division 1 Channels Division 2 Channels metering® infrastructure moisture monitoring delivery
Option 1 Existing Existing Existing Existing Existing Existing
Option 2 Stabilised Backfill Stabilised Backfill Upgrade scheme As identified in On- As identified in On- Upgrade ®
gates and meters Farm Water Efficiency | Farm Water Efficiency
Plans Plans
Option3 | Geofabric Liner Geofabric Liner Upgrade scheme As identified in On- As identified in On- Upgrade
gates and meters Farm Water Efficiency | Farm Water Efficiency
Plans Plans
Option 4 HDPE Liner HDPE Liner Upgrade scheme As identified in On- As identified in On- Upgrade(b)
gates and meters Farm Water Efficiency | Farm Water Efficiency
Plans Plans
Option 5 EPDM Liner EPDM Liner Upgrade scheme As identified in On- As identified in On- Upgrade®
gates and meters Farm Water Efficiency | Farm Water Efficiency
Plans Plans
Option 6 HDPE pipe system + Synthetic Liner Upgrade scheme As identified in On- As identified in On- Upgrade®
Line existing Channel gates and meters Farm Water Efficiency | Farm Water Efficiency
Plans Plans
Option 7 HDPE pipe system Synthetic Liner Upgrade scheme As identified in On- As identified in On- Upgrade®
gates and meters Farm Water Efficiency | Farm Water Efficiency
Plans Plans

Notes: © Includes upgrading farm off-take meters
®The preferred stock and domestic water delivery system will be finalised prior to any application for infrastructure funding. It will be directly influenced by the selected

infrastructure Options for the scheme and preferences of stakeholders. Details of stock and domestic water supply alternatives are discussed separately throughout.
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11.1.3

11.1.4

11.15

Options 3, 4 and 5: Synthetic Liner

These options involve lining Division 1 & Division 2 in a synthetic liner such as a coated geomembrane,
HDPE or EPDM liner. Infrastructure upgrades with this option would include the replacement of
Dethridge Wheels throughout the Jemalong Irrigation Limited scheme with Water Management Outlets.
Regulator Check gates would be upgraded with modern control gates equipped with metering capacity.

Table 11.2 Example configuration of synthetic liner options

SYNTHETIC LINER

Option 6: Pipe and lining

This option involves a pressurised pipe system through Division 1 with capacity able to deliver volumes
based on future operations. The pipe is proposed to be placed next to the existing channel network thus
allowing for the channel to be maintained. The existing channel would be lined and would include
infrastructure upgrades such as the inclusion of Water Management Outlets to replace Dethridge
Wheels, and the upgrade of scheme gating with modern control gates with the capacity to be fitted with
meters.

Table 11.3 Example pipe and lining configuration

In this option, Division 2 may be lined with any of the synthetic liners if felt appropriate.
Option 7: Single HDPE pipe and potential liner

This option has a single large capacity pressure pipe sized to deliver the current capacity of the channel
system throughout Division 1. The pipe would be laid next to the channel as above. It is proposed that
Division 2 be upgraded in the form of one of the three liner types that have been assessed.
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11.2 Stock and Domestic Delivery Components of Modernisation

Jemalong Irrigation Limited has a stock and domestic entitlement of 1756ML per year that it is bound to
deliver to its shareholders. Four alternatives have been identified as most appropriate for upgrading the
delivery of this entitlement, all of which consist of a piped/pumped system separate to irrigation water
delivery. Within the four alternatives there are two options for the layout of the pipe network and two
options for pipe sizing based on delivery rate, as shown in Table 11.4.

Table 11.4 Stock and domestic alternatives

Stock and | Layout Delivery regime

domestic

alternative

SDF1 Alongside existing channel 12 hours per day, 365 days per year
SDF2 Alongside existing channel 24 hours per day, 365 days per year
SDF3 Primarily within road reserves 12 hours per day, 365 days per year
SDF4 Primarily within road reserves 24 hours per day, 365 days per year

The first layout follows the route of the existing channel system, being laid in a trench next to the
channel. The second follows the district roads as much as possible, with three subsystems SD1, SD2, and
SD3 each with its own supply pump at the Lachlan River. These layouts are illustrated in Figure 11.2 and
Figure 11.3.

Figure 11.2 Layout of stock and domestic system following existing channel

Source: Boyden & Partners
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Figure 11.3 Layout of stock and domestic system following district roads

Source: Boyden & Partners

The first delivery flow rate has the stock and domestic water entitlement of each landholder delivered
over 24hrs of each day over 365 days. This system will require greater on-farm storage to store water
for the periods when demand is higher than the delivery rate. The second has the same entitlement
delivered over a 12hr period over 365 days. This system has greater capacity to deliver peak demands
(the pumps could run 24hrs per day if required) or in the case of breakdown.

11.3 Scheme Gate and Metering Components of Modernisation

If Jemalong Irrigation Limited were to upgrade the channel system using a liner then current operation
procedures are likely to be maintained. Through the upgrading of all check and regulator gates to
modern controllable gating technology the Jemalong Irrigation Limited can efficiently deliver and
monitor deliveries to all irrigators.

11.4 On-Farm Components of Modernisation Options

For the purposes of this Irrigation Modernisation Plan, on-farm modernisation is assumed to be
contained in all modernisation options aside from Option 1 (the ‘do nothing’ case). The on-farm upgrade
components in Option 2 to 7 include the following:

e In-field irrigation technology as defined in the On-Farm Woater Efficiency Plans including
subsurface drip, pivot and lateral surface spray systems and flood upgrade layouts.

e In-field soil moisture probes. Moisture probes are a cost effective way to optimise irrigation
scheduling and water use. One unit at $6,000 per unit was allowed for low allocation priority
plots per farm
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e On-farm water delivery channel upgrade using potential lining options

e Farm recycling system upgrades. Consisting of lined strategic sized storage cells to restrict cells
to reflect water management events and crop requirements for lower allocation years. This
reduces evaporation and infiltration and maximised infrastructure efficiency.

e On-farm reticulation of stock and domestic water using a central stock and domestic tanked
supply linked to fully reticulated paddock tank and trough systems.

e A temporal irrigation shift towards greater winter production. All Options for the year 2030
include a water application split of 60% winter and 40% summer.

e Increased vegetation (windbreaks) to assist in the management of reducing evaporation for
irrigation fields and water storages.

The degree to which these measures might be implemented on each farm in reality is dependent on the
individual farmer. Details of the actual amounts that might be included in modernisation will be
determined if an application for funding for modernisation is made.
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12  ANALYSIS AND RANKING OF MODERNISATION OPTIONS

12.1 Engineering Assessment of Modernisation Options

12.1.1 Assessment Methodology

Irrigation channel modernisation involves the assessment of available techniques based on site
conditions, objectives, economic analysis and consideration of all options. Modernisation works require
a maintenance program and ongoing monitoring of effectiveness.

Each of the elements or techniques that make up the modernisation options have been chosen through
research into the most appropriate methods for open channel remediation.

The Weir-Storage Loss Model was altered to reflect the conditions of each of the future options for
modernisation (including the ‘do-nothing’ case) to determine the changes in associated water loss. For
each option, the evaporation rate and ‘combined loss factor’ for each channel were altered in line with
technology upgrade. The duration of operation of the scheme was also adjusted to represent a shift to a
greater proportion of winter production. This operation change was advised by the Jemalong Irrigation
Limited Board as the most likely response to reduced water availability associated with climate change.

The options for channel upgrade were assessed against another set of parameters in a similar fashion to
the elements, with the most suitable option being a score of 3, a just suitable option scoring 2, and a
least suitable option scoring 1, based on the following criteria:

e Channel downtime during construction
e Infiltration

e Evaporation

e Fencing required

e Capacity

e Maintenance costs

e Construction costs

e Operation/ management

12.1.2 Assessment findings

Scheme Channels

The seven options for the upgrade of the scheme channels in Division 1 and Division 2 that progressed
to preliminary design have been assessed against each other in terms of water saving capabilities,
construction costs, maintenance costs, suitability to the site conditions and long term viability. This
assessment was undertaken assuming climate conditions in the year 2030. The water savings made for
each channel option is presented in Table 12.1. The cost associated with each of the options is
presented in Table 12.2. The ranking of the scheme channel upgrade options is presented in Table 12.3.
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Table 12.1 Scheme channel losses associated with all scenarios

Page 202 of 437

SCENARIO Baseline Option 1 Option 2a Option 2b Option 3 Option 4 Option 5 Option 6 Option 7
HIGH LOW
. _— EXISTING INFILTRATION | INFILTRATION | GEO-FABRIC
Scenario Description o DONOTHING | "o o cen T it HDPE LINER | EPDM LINER |PIPE AND LINER PIPE
BACKFILL BACKFILL
Year-Average Annual AWD | 2009-43% | 2030-36% | 2030-36% 2030-36% | 2030-36% | 2030-36% | 2030-36% | 2030-36% | 2030-36%
AVERAGE ANNUAL ALLOCATION (ML) 42,942 35,951 35,951 35,951 35,951 35,951 35,951 35,951 35,951
Total evaporation losses (ML/YR) 1,762 1,762 1,762 1,762 1,762 1,762 1,762 874 815
Total evaporation losses (%) 4% 5% 5% 5% 5% 5% 5% 2.4% 2.3%
Total all other losses (N_IL/YR) 14,663 14,663 13,078 5,635 0 0 0 0 0
(represented by ‘combined loss factors’)
Total all other | 9
otal all other losses (%) 34% 41% 36% 16% 0% 0% 0% 0% 0%
(represented by ‘combined loss factors’)
TOTAL LOSSES
TOTAL OF ALL LOSSES (ML) 16,425 16,425 14,840 7,397 1,762 1,762 1,762 874 815
Total Losses as Proportion of Allocation
P (%) 38% 46% 41% 21% 5% 5% 5% 2.4% 2.3%
(]
Potential Water Savings (ML) (@) 0 0 1,585 9,028 14,663 14,663 14,663 15,551 15,610
Notes: @ Potential water savings are an annual volume of water. Savings are calculated against the ‘do nothing’ case for the year 2030 —i.e. Option 1.

®) All options have been assessed with the scheme operating at or near full supply level for 7 months.
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LEX-21080 Page 203 of 437
Table 12.2 Cost summary (in millions of dollars) of channel upgrade options
MAIN SUPPLY DIVISION 1 DIVISION 2 TOTAL SCHEME
CHANNEL CHANNEL SPURS TOTAL CHANNEL SPURS TOTAL TOTAL
OPTION MAINTEN- MAINTEN- MAINTEN- MAINTEN- MAINTEN- MAINTEN- MAINTEN- MAINTEN-
ANCE COST ANCE COST ANCE COST ANCE COST ANCE COST ANCE COST ANCE COST ANCE COST
CONSTRUC-  OVER20 | CONSTRUC- | OVER20 | CONSTRUC- | OVER20 | CONSTRUC- | OVER20 | CONSTRUC- | OVER20 | CONSTRUC- | OVER20 | CONSTRUC- | OVER20 | CONSTRUC- | OVER 20
TION COST YEARS TION COST YEARS TION COST YEARS TION COST YEARS TION COST YEARS TION COST YEARS TION COST YEARS TION COST YEARS
($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M)
1 Do Nothing n/a 0.43 n/a 8.97 n/a 5.01 n/a 13.98 n/a 7.40 n/a 1.72 n/a 9.12 n/a 23.53
Stabilised
2 Backfill 0.98 0.43 21.29 8.97 11.10 5.01 32.40 13.98 16.67 7.40 3.86 1.72 20.52 9.12 53.90 23.53
3  Geofabric Liner 0.29 0.19 18.94 1341 12.75 7.33 31.69 20.73 18.55 11.00 5.08 2.55 23.63 13.55 55.61 34.47
4  HDPE Liner 0.32 0.17 20.68 12.05 13.76 6.58 34.43 18.63 20.04 9.88 5.45 2.29 25.48 12.17 60.23 30.97
5 EPDM Liner 0.31 0.16 20.44 11.79 13.62 6.45 34.06 18.24 19.83 9.68 5.40 2.24 25.23 11.92 59.60 30.32
HDPE Pipe and
6a G L n/a n/a 62.72 13.41 31.41 7.33 94.14 20.73 18.55 11.00 5.08 2.55 23.63 13.55 | 117.77 34.28
eofabric Liner
HDPE Pipe and
6b HDPE Liner n/a n/a 64.46 11.79 32.42 6.45 96.74 18.24 20.04 9.88 5.45 2.29 25.48 12.17 | 122.23 30.41
HDPE Pipe and
6¢ EPDM Liner n/a n/a 64.23 11.79 32.28 6.45 96.51 18.24 19.83 9.68 5.40 2.24 25.23 11.92 | 121.74 30.15
7  HDPE Pipe n/a n/a | 155.75 n/a 46.54 n/a | 202.29 n/a 20.04 9.88 5.45 2.29 25.48 12.17 | 225.92 13.55

Notes: The “Main Supply channel” in the above table refers to the short section of channel between the scheme take-off at Jemalong Weir and where the channel splits into Division 1 and Division 2.
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Table 12.3 Ranking of scheme channel Modernisation Options

Options Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 7
Channel

downtime 3 1 1 1 1 2 3
Infiltration 1 2 3 3 3 3 3
Evaporation 1 1 1 1 1 2 3
Fencing

required 0 1 1 1 1 1 3
Capacity 3 3 3 3 3 3 3
Maintenance

costs 1 1 2 2 2 2 3
Construction

costs 0 3 2 2 2 1 1
Operation/

management 1 1 1 1 1 2 3
Score 10 13 14 14 14 16 22
Ranking 7 6 3 3 3 2 1

The results of the engineering assessment reveal that piping of Division 1, although not the cheapest
option may be the most desirable from an engineering perspective in terms of providing a complete
upgrade of the system that would allow maximum water savings and flexibility in terms of operations
for Jemalong Irrigation Limited and the irrigator. Piping may be able to deliver water in lower allocation
years whereas the operation of the open channel system means that delivery to every irrigator in the
scheme would be limited. Piping Division 1 also negates the need for a fence to be erected to protect it
from damage; piping does not require that all check and regulator gates be upgraded. From an
installation point of view the installation of a pipe would not disrupt irrigation practices as the channel
would still function whilst the pipeline is being installed.

Based on information received from the operations manager at Jemalong Irrigation Limited, there are
comparatively less losses in Division 2 than Division 1. Therefore, piping of the whole of Division 2 is less
attractive in terms of potential water savings than piping the whole of Division 1. Therefore, Options 6
and 7 include lining of Division 2. Further investigation is required to determine the location sections of
channel that have relatively lower losses and might require a lower level of upgrade than presented in
the Modernisation Options. Similarly, sections of channel that may have higher losses than assumed
here should also be identified. Piping of Division 2 will be considered once this information has been
obtained and prior to any application for infrastructure funding.

The three lining options are very close in terms of cost outlay, maintenance and water saving capacity.
Of the three liners the EPDM and the HDPE are the recommended choices based on historical evidence
of these liners being used extensively as channel liners and their effectiveness over a 20 year lifecycle.
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Scheme channel gates and meters

Scheme gating and metering upgrades have been based on current locations of regulator check gates
and Dethridge wheel locations. Jemalong Irrigation Limited has advised that upgrade is to be sized for
the maximum current scheme flow. Relative costs for in-channel regulator upgrades have been based
on the existing structure being replaced with a modern flume gate or the like.

A gate system, such as a flume gate, can cost between $13,000 and $50,000 depending on the size
required. This cost includes all software and metering equipment to allow the system to be fully
automated and has been supplied by gate/meter manufacturers and suppliers. An average cost for each
of the elements has been used, i.e. medium gate costs have been adopted throughout.

It should be noted that gate and meter upgrades as presented within this report are only applicable if
the Jemalong Irrigation District is to operate as it currently does. If pressurised pipe systems are utilised,
regulator check gates would not be required.

The phasing out of the Dethridge wheel and replacement by Water Management Outlets (WMOs) is
ongoing in the Jemalong Irrigation District. The cost of future WMO installation has been included in the
upgrade estimates in this report. WMOs are predominantly made in 3 sizes: 600mm, 750mm and
900mm. Their costs as provided by Jemalong Irrigation Limited range from $16,000 for the 600mm, to
$18,000 for the 750mm and to approximately $20,000 for the 900mm, including installation.

A range of sizes and costs has been utilised, with the total costs for each division shown in Table 12.4.
These costs are preliminary only. The specific sizes of each upgrade should be determined during
detailed design.

Table 12.4 Flume gate and meter upgrade costs

ASSET DIVISION 1 DIVISION 2

Gates with Meters

Regulator check gates $2.11M $1.32M
Access Bridge Regulators $0.69M $.63M
TOTAL $2.80M $1.95M
Meters

Water Management Outlets $2.43M $2.02M

Source: Boyden and Partners Pty Ltd (2009) — refer Appendix D
Stock and Domestic Water Supply Alternatives

The cost, advantages and disadvantages of each of the stock and domestic water supply alternatives is
shown in Table 12.5.
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Table 12.5 Advantages and disadvantages of stock and domestic water delivery alternatives

linked

e Network pump could be shut
down for maintenance during
which time another network
pump may take over

e Capacity to deliver a higher
volume

e May negate the need for on-
farm tanks to meet peak
demands.

S&D water | Description Cost Advantages Disadvantages
delivery
alternative
SDF 1 Alongside $8.78M e Follows an already existing | ® May not be able to deliver
existing channel, route peak demand
24hr delivery e Delivers a consistent flow | ¢ May require on-farm tanks to
over 24hrs store water for peak demand
e |s not as expensive as SDF 2 e Following existing route is
long, i.e. lots of bends etc,
(this could be straightened)
o If pump fails system is shut
down
SDF 2 Alongside $11.39M | e Follows existing route e Higher capital outlay than SDF
existing channel, eHas a larger capacity, thus | 1
12hr delivery may deliver peak demand | e Following existing route is
capacities long, i.e. lots of bends etc,
e May not require the use of on- | (this could be straightened)
farm tanks o |f pump fails system is shut
down
SDF 3 Beside roadways, | $5.05M | e Re-routing may reduce total | e 24hr delivery may not meet
24hr delivery length of pipe required peak demands
e Pipe sizes can be reduced eOn-farm tanks may be
e Individual networks may be required to store supply for
linked peak demand
e Network pump could be shut | ® Farm off-take points may be a
down for maintenance during long way from homesteads
which time another network | e Extra cost for trenching
pump may take over maybe incurred for road
e Less capital outlay compared | crossings
to other options e Construction may require
roads to be temporarily closed
e Three pumps may incur higher
maintenance costs
SDF 4 Beside roadways, | $9.91M | e Re-routing may reduce total | e Extra cost for trenching
12hr delivery length of pipe required maybe incurred for road
e Pipe sizes can be reduced crossings
e Individual networks may be | e Construction may require

roads to be temporarily closed
e Higher capital outlay
e Three pumps may incur higher
maintenance cost
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12.1.3 Ranking of Stock and Domestic Alternatives

Ranking of the stock and domestic options was done simply by taking into account the advantages and
disadvantages of the four options assessed. From our assessment the following order of ranking was
reached:

1. SDF 4, although the most expensive of the road routing options this option has the extra capacity
that allows for greater flexibility in terms of water management.

2. SDF 3, the cheaper of the road routing options however constrained by its capacity to deliver peak
flows, farm tanks would probably be required.

3. SDF 2, the most expensive of the existing channel route options and also the most expensive overall,
however it has the capacity to deliver a larger volume thus providing some flexibility for the
landholder.

4. SDF 1, the cheapest of the existing channel route options, however does not provide flexibility in
water management due to its restricted capacity, this option may require on-farm tanks to buffer
peak supply demands.

12.2 Assessment of Options from an On-Farm Perspective
12.2.1 Assessment Methodology

The modernisation option elements for upgrading the on-farm components of the irrigation system
have been identified through the On-Farm Water Efficiency Plan phase based on reduced allocation
predictions and land capability characteristics.

The methodology adopted to assess the benefit of technology upgrade on-farm compares the losses
that would result if existing flood irrigation methods are used against the losses that would result if
technology upgrade as per the On-Farm Water Efficiency Plans is utilised. This assessment assumes that
an individual’s entitlement at the farm gate is not changed as a result of modernisation of the scheme
based on the existence of the conveyance WAL.

It has been assumed for the purposes of this assessment that all savings made from the on-farm
upgrades are available for use on-farm. Areas of in-field technology were adjusted for each scenario to
utilise the available water, while keeping the proportions of each of sub-surface drip, centre pivot,
lateral move and flood upgrade technology as identified through the On-Farm Water Efficiency Plans.

At this stage, a reasonable indication has been provided with regards to the in-field technology that
might be adopted by irrigators. It is this technology that is the key to enterprise change and water
savings on farm. It is only this component that has been included in the analysis at this stage. The
quantity of the remainder of the on-farm components will be finalised prior to any application for
infrastructure funding, along with confirmation of in-field technology quantities

Analysis included water used on-farm in a 43% AWD vyear (2009), compared to a 36% AWD (2030) and
what effect the nominated technology would have on production in a very low (10%) AWD vyear if this
water could be delivered to the farm gate.
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12.2.2 Assessment Findings

Ina 43% AWD 34,120 ML is delivered to the farm gate. Reducing this by the requirements for existing
stock and domestic use, and on-farm delivery channel system losses, 30,940 ML of this is delivered to
the field. This amount of water is able to support 3,710ha of flood irrigation across the entire scheme
under existing cropping regimes. That is, out of the 23,000ha of land formed fields laid out for flood
irrigation just 16% of irrigation fields are able to be utilised with a 43% AWD. These figures are based on
the assumption that no effective in crop rainfall occurs. While this is unlikely to happen, the variability of
rainfall makes its inclusion difficult. The irrigation volume that has been assumed to be applied in ML/ha
allows for consistent crop waterings that provide for high production yields. It should be noted that, in
2003, approximately 23,500ML was delivered to Jemalong Irrigation District farms. This was applied at a
rate of 2.78ML/ha over approximately 8460ha. However, yields over this area are likely to have been
lower than those used in the calculations here.

By the year 2030 if the district is not upgraded and farming systems not changed, the reduction in
average available water to 36% AWD will result in just 2,835ha being supported by flood irrigation
(again, assuming high rates of water application that result in high yields).

Areas of upgraded irrigation application infrastructure (spray, drip irrigation and upgraded flood etc) will
utilise any AWD water more efficiently and the increased proportion of winter irrigated production that
upgraded scheme delivery allows, increases water use efficiency further.

If in-field technology is upgraded, 4,150ha of irrigated land can be supported in a 36% AWD vyear
(assuming high rates of water application that result in high yields). This is a 30% increase in productive
area.

12.2.3 Assessment Summary

e Option 1 - ‘do nothing’ case. No in-field technology is incorporated in this option and no benefits
are obtained.

e Options 2 to 7 — with in-field technology upgrades, up to 7,420ML of water is saved if upgraded
technology is applied to the same area as currently possible with flood irrigation under a 36%
AWD. If water savings are utilised to increase production, the more efficient technology means
that overall losses are still much lower than current flood irrigation. A total of 4,810ML is made
in efficiency gains associated with the upgraded technology. The cost of the in-field technology
in this scenario is $12.3 million.

In addition to water savings, the following on-farm benefits also result from infrastructure upgrade:

e Aclean stock and domestic water supply will guarantee improved animal health

e Updated new technology will minimise losses and enable the full utilisation of low allocations
for high value cropping opportunities

e Matching available irrigation technology to sustainable land capability has the capacity to
reduce the impacts on salinity and storm water contamination issues

e Guaranteed stock and domestic water supply will reduce the impact of ground water extraction
on local aquifers
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There are some negatives associated with upgrading on-farm irrigation and stock and domestic

infrastructure, including the impact on energy use, costs and associate carbon emissions. The current

gravity fed surface irrigation system has minimal ongoing energy requirements and carbon emissions.

New technology will require energy and emit carbon in its manufacture, installation and ongoing

operation and maintenance. Concerns over the impact that increased carbon emissions might have on

irrigators with the introduction of a carbon trading scheme. However, some farmers consider that there

may be opportunities to develop carbon sequestration sites within the Jemalong Irrigation Limited to

offset increased carbon emissions. Any uptake of these opportunities by individuals will be outside of

this Irrigation Modernisation Plan. It is recommended that individuals investigate these opportunities

fully before committing to them.

Table 12.6 On-Farm Water Savings with Upgraded Infrastructure as per On-Farm Water Efficiency Plans in 2030 (36% AWD)

Total water Vya.ter

On-farm delivered to Plant water Total area In-field eff|C|.ency
infrastructure field use irrigated Losses gains Total Cost

(ML) (ML) (ha) (ML) (ML) (Sm)
Existing 23,633 14,180 2,835@ 9,450 - -
On-farm
upgrade 26,767 20,748 4,150'@") 6,020 4,810 12.3
technology

Notes: ' the total area irrigated assumes that high application rates of water are used to produce high yielding crops.

®) Al savings are assumed to be utilised in increasing production area. Some savings are likely to be traded for
infrastructure if an application for such funding is successful. However, the actual amount that might be traded will be

determined at a later date.

© water efficiency gains take account of improvements in stock and domestic water storage and on-farm supply

channel lining in the modernised case.

12.2.4 Indicative Jemalong Irrigation Limited and Jemalong Irrigation Limited shareholder co-

contribution

The following components of the on-farm infrastructure modernisation may form the basis for Jemalong

Irrigation Limited member co-contribution:

Farm off-take metering upgrade
Irrigation storage upgrade
Soil moisture probes

Stock and domestic water reticulation on-farm

The total cost of this co-contribution will be determined prior to an infrastructure funding application.

12.2.5 Ranking of On-Farm Upgrade Alternatives

The on-farm alternatives assessed in this Irrigation Modernisation Plan are ‘do nothing’ and ‘upgrade
according to the technology nominated in the On-Farm Water Efficiency Plans’. Option 1 of the
Modernisation Options includes the ‘do nothing’ scenario for on-farm works. Modernisation Options 2-7

include the ‘upgrade’ alternative.
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The ‘upgrade’ alternative provides significant benefit in terms of the ability to irrigate in years of lower
water availability, for cropping alternatives, water savings and increased production.

12.3 Socio-Economic Assessment of Options
12.3.1 Assessment Methodology

An input-output model of the Mid-Lachlan Region was developed by Lawrence Consulting to analyse the
potential economic and employment impact of irrigation modernisation on the surrounding community.
This analysis incorporates the most fundamental factors that can be quantified, primarily additional
production resulting from increased water efficiency of on-farm irrigation technology. This analysis is a
preliminary assessment of the minimum quantifiable benefit that could result from irrigation
modernisation of the Jemalong Irrigation District. The impact of modernisation in the year 2030 has
been assessed. Therefore, all potential production data is based on a 36% AWD.

There are multiple additional benefits, both quantifiable and not, that may be experienced by the
Jemalong Irrigation District and Mid-Lachlan Region if upgrade of the scheme proceeds. These have
been grouped loosely into direct and indirect impacts.

Note that the input-output analysis utilises calculations of irrigated area that are based on high water
application rates that produce high yielding crops. It is anticipated that if water was utilised at a lower
rate, yields would also be lower and total production value would be approximately equivalent to that
shown below.

12.3.2 Preliminary Economic and Employment Impacts of Modernisation Options

The current Jemalong Irrigation District would generate economic activity for the Mid-Lachlan
Catchment region through total enterprise income of approximately $23.7 million per annum in 2030,
based on a 36% AWD. The direct, indirect and induced economic impacts associated with the scheme as
determined by Lawrence Consulting (refer Appendix E) under this scenario are shown in Table 12.7 and
include:

e An estimated direct output of $23.7 million annually and additional flow on increases in output
of $20.0 million through other industries, for a total industry impact of $43.7 million annually.
Over 20 years, this represents $874 million. A further $12.9 million in output in the region can
be associated with consumption induced effects;

e Estimated direct income (wages and salaries) of $1.7 million, with $2.7 million in additional
income generated through flow on effects in other industries and a further $1.6 million from
household spending;

e Approximately 181 direct full-time equivalent (FTE) employment positions, with an estimated
additional 92 employment positions gained indirectly through other industries for a total
industry employment impact of 273 FTEs; and

e An estimated contribution to GRP of $12.3 million from direct effects, with a further flow on
impact of $8.4 million through other industries for a total industry value added of $20.7 million.
An additional $2.9 million in gross regional product can be attributed to consumption induced
effects.

-94-



JEMALOHSABN@&TION LIMITED

IRRIGATIQE%eMﬂqul}'X?fTION PLAN

Table 12.7 Input-output modelling results for existing on-farm infrastructure with 36% AWD

Total Industry Consumption
Direct Indirect Impact Induced (C) Total
(D) (n (D+1) (D+1+C)
Output (Sm) 23.7 20.0 43.7 12.9 56.6
Income (Sm) 1.7 2.7 4.4 1.6 6.1
Employment (fte persons) 181.1 92.2 273.2 37.3 310.5
Value added (Sm) 12.3 8.4 20.7 2.9 23.7

Note: The level of direct wages and salaries returned to agricultural sectors is generally proportionally lower than other
industries due to a higher level of compensation derived through gross operating surplus/gross mixed income.
Source: Lawrence Consulting 2009

If irrigation infrastructure is upgraded, the resultant additional production would increase the gross
product of the region, and underpin and increase employment. The total enterprise income is
anticipated to increase to $26.3 million with modernisation of on-farm infrastructure (Lawrence
Consulting 2009). The direct, indirect and induced economic impacts for the Mid-Lachlan Catchment
region associated with this increase are shown in Table 12.8 and discussed below:

e An estimated direct output of $26.8 million and additional flow on increases in output of $22.2
million through other industries, for a total industry impact of $49.0 million. This represents
$980 million up to the year 2030. A further $14.8 million in output in the region can be
associated with consumption induced effects;

e Estimated direct income (wages and salaries) of $2.1 million, with $3.0 million in additional
income generated through flow on effects in other industries and a further $1.9 million from
household spending;

e Approximately 198 direct full-time equivalent (FTE) employment positions, with an estimated
additional 95 employment positions gained indirectly through other industries for a total
industry employment impact of 293 FTEs; and

e An estimated contribution to GRP of $14.0 million from direct effects, with a further flow on
impact of $9.3 million through other industries for a total industry value added of $23.4 million.
An additional $3.4 million in gross regional product can be attributed to consumption induced
effects.

Table 12.8 Input-output modelling results for upgraded on-farm infrastructure with 36% AWD

Total Industry Consumption

Direct Indirect Impact Induced (C) Total
(D) (1) (D+1) (D+1+C)
Output (Sm) 26.8 22.2 49.0 14.8 63.9
Income (Sm) 21 3.0 5.1 1.9 7.0
Employment (fte persons) 197.7 102.8 300.6 42.9 343.5
Value added (Sm) 14.0 9.3 23.4 3.4 26.7

Note: The level of direct wages and salaries returned to agricultural sectors is generally proportionally lower than other
industries due to a higher level of compensation derived through gross operating surplus/gross mixed income.
Source: Lawrence Consulting 2009

The net impact of upgrading on-farm technology is shown in Table 12.9 and includes:
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e Anincrease in total net industry impact of $5.3 million annually. Over the 20 year horizon of this
Irrigation Modernisation study, this equates to $106 million in monetary benefit to the regional
community. Consumption induced impacts would increase this value further to $144 million.

e There would be an increase of over 27 full time equivalent positions required to service the

upgraded technology.
Table 12.9 Input-output modelling results — impact of upgraded on-farm infrastructure with 36% AWD
Total Industry Consumption
Direct Indirect Impact Induced (C) Total
(D) ({)] (D+1) (D+1+C)
Output (Sm) 3.0 2.2 53 1.9 7.2
Income (Sm) 0.3 0.3 0.7 0.2 0.9
Employment (fte persons) 16.7 10.7 27.3 5.6 32.9
Value added (Sm) 1.7 1.0 2.6 0.4 3.1

Note: The level of direct wages and salaries returned to agricultural sectors is generally proportionally lower than other
industries due to a higher level of compensation derived through gross operating surplus/gross mixed income.

The figures presented in this table may be slightly dissimilar to the difference between those in the tables above due to decimal
rounding.

Source: Lawrence Consulting 2009

Should some of the water savings made in scheme channels as a result of modernisation be passed on
to irrigators, these impacts would increase substantially.

12.3.3 Social Impacts

Rural communities are well known for their strong undercurrent of resilience and strength in facing a
variety of demands, hardships and change. Support for change in water use to help adjust to future
changes in water availability will ensure the longevity of rural communities through the following ways:

Direct impacts on irrigators, graziers, their families and the irrigation industry:

e Stable farm enterprises.

e Increased employment and profit within industries that support irrigation as detailed in the
economic analysis above.

e Increased income for farming families, particularly during times of low allocation.

e Increased ability to provide children with a higher level of education.

e Increased quality of life — increased ability to participate in community leisure activities,
happiness, security, reduced incidence of family and relationship dysfunction and break down.

e Male farm owners and managers commit suicide at around twice the rate of the national
average (NSW Farmers Mental Health Network). Reduced levels of stress, depression and the
resulting improvements in other areas of health are an important benefit of stabilising farm
income.

e Nearly all farms in the Jemalong Irrigation District have diversified into sheep and/or cattle. At
present, high security stock and domestic allocations cannot be delivered through the open
channel system during times of low water availability, when they are most critical. During times
of drought, it is extremely difficult to sell stock as other farmers are generally in the same
predicament. Prices are low due to lack of fodder and there is an abundance of drought affected
stock on the market. In extreme cases, farmers may be left with no alternative but to destroy
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severely drought affected livestock. Secure stock and domestic water systems reduce this
mental stress, resulting in a more secure income from stock and enable more controlled
management of the land.

e Secure stock and domestic systems also allow maintenance of gardens around farm houses. The
psychological benefits of having water to sustain a garden, which may be generations old, are
significant.

e Many farmers hope to one day pass a valuable and healthy resource, a lifestyle, viable business
and family tradition on to their children. Increased likelihood of family succession on farms will
be promoted by greater volumes and stability of irrigation and stock and domestic water supply

e Increase in asset values due to increased reliability of irrigation leads to increased irrigated
property values.

e Increased ability to access finance due to increased confidence of financial institutions.

e Long term sustainability of farming becomes more easily achievable as management of
irrigation systems is more controlled with modernised infrastructure, there is less stress on dry
land cropping areas to produce and stock numbers are more easily maintained at sustainable
levels.

e Modernisation of on-farm irrigation systems leads to a reduction in the number of hours worked
compared to flood irrigation. Flood irrigation requires a siphon hose to be started by hand for
every row of crop. Starting and stopping siphons can take hours and is quite often required to
be done in the middle of the night. The set up time for spray irrigation is generally less, and is
minimal for drip irrigation.

Flow on impacts to local and regional communities:

e Increased spending by irrigators in the local community as detailed in the economic analysis
above.

e Increased stability of small businesses and services.

e Increased likelihood of value adding enterprises to emerge within the region following stable
production.

e The retention of expertise including agricultural specialists, banking and professional services
and social support such as health and education resources.

e Increased employment opportunities for younger people, increasing rural social opportunities
and reducing the exodus of youth to larger urban areas.

e Development of an environment that will be encouraging for the return of people to the region
following the completion of further/specialised education.

e An overall increase in employment and in particular the delivery of employment options to
support the indigenous population.

e There are undeniable benefits to be had within the regional indigenous population as a direct
result of securing stable long-term employment and stable family income.

e Increased viability of small towns.

e Promotion of amenity value and community identity.

e Increased social well-being — attachment to place, access to social networks — increased ‘social
capital’.
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e Stable family units will impact on the level of domestic violence and other related social
problems and pressures

e Increased property values improve local government rate base and thus local government
services

Flow on impacts to consumers and broader economy:

e Increased and stable national production of food

e Decreased reliance on food importation

e Decreased risk of potential health and quarantine issues associated with imported food. Not all
global food producers have health regulations in line with Australia

e Increased export earnings

e A lowering of the dependence on social welfare — with respect to agriculture exceptional
circumstances support and unemployment benefits

e Reduction in costs associated with physical and psychological health issues in rural areas

12.3.4 Ranking of Options from a Socio-Economic Perspective

The Options have been grouped for socio-economic assessment into ‘do nothing’ and ‘upgrade’. The
‘upgrade’ alternative provides significant benefit in terms of increased economic activity, employment
and social and cultural advantages.

12.4 Environmental Impacts of Modernisation Options

Total water savings of up to 20,420ML (in a 36% AWD vyear) are potentially possible through scheme
channel and on-farm modernisation of irrigation in the Jemalong Irrigation District. It is anticipated that
a substantial amount of this could be transferred to the CEWH to provide for lasting improvements in
river and environmental health. This amount of water would add significantly to the 7,500 ML currently
held by the Commonwealth Environment Water Holder (CEWH) in the Lachlan River.

Water transfers to the CEWH would equate to up to twice as much water in Wyangala Dam due to
operational losses that result from transmitting the water from the dam to the Jemalong Irrigation
District off-take at Jemalong Weir. The CEWH may then manage environmental water so as to reduce
such operational losses in delivering environmental water. However, it is acknowledged that these
surpluses — or transmission losses — provide significant benefit to riverine health themselves. Therefore,
the total increase in water that is available to the CEWH in Wyangala Dam — up to twice that transferred
by Jemalong Irrigation Limited — can be considered environmental water.

There are highly valuable environmental assets within the Lachlan River catchment that have potential
to benefit from CEWH managed environmental water.

12.4.1 Nationally Important Wetlands

Nationally Important Wetland sites are an environmental feature of the catchment. There are eight such
wetlands that are important for a variety of ecological reasons or because they bear historical
significance or have high cultural value, particularly to Indigenous people. Of particular note are Lake
Cowal/Wilbertroy Wetlands, the Booligal Wetlands and Great Cumbung Swamp.
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The Booligal Wetlands has breeding colonies of up to 80,000 pairs of waterbirds (CSIRO, 2008). This area
is considered to be one of the top five breeding sites for three species of waterbirds (CSIRO, 2008).

The Great Cumbung Swamp, with a core area of approximately 4,000ha and maximum area of 16,000ha
is known for its vegetation species and numerous species of waterbird (CSIRO, 2008).

12.4.2 Private and Disconnected Wetlands

In addition to Nationally Important Wetland Sites, smaller wetlands on private land and unconnected
wetland areas are important in catchment wetland health. These wetlands occur both on riparian
properties and further from the river along cowals and old drainage lines. Some of them may only
require up to a few hundred megalitres of water each year to be sustained. Small volumes of water
saved through irrigation modernisation can provide targeted benefit to discrete wetlands. Diversion of
water from the river is relatively simple, and can be timed such that water released from dam is directly
applied without the significant transmission losses associated with delivering water to the
environmental assets.

12.4.3 Farm Resource Management

If a farmer is unable to irrigate during low allocation years, they are more likely to consider more
intensive dryland farming or increasing stock numbers. Farmers do not like placing their soils and other
natural resources under such stress; however it may be considered necessary to provide enough income
to service debts and subsist. Increasing a farmer’s income from irrigation during low water availability
will reduce the impact of drought to farm enterprises and reduce the potential stress on the natural
resources.

12.4.4 Vegetation Enhancement

Engagement of Jemalong Irrigation Limited shareholders through the On-Farm Water Efficiency Plan
process, in conjunction with The Jemalong Land and Water Management Plan has increased the
likelihood of vegetation enhancement. Discussions on the benefits of vegetation to soil and crop
management, faunal habitat and biodiversity, potential funding availability for vegetation management,
and the identification of areas of remnant and existing vegetation conservation are likely to increase the
chances of farmers of being proactive in their vegetation management. Increases in vegetation corridors
will become especially critical as the climate begins to change and fauna migrate to new areas.

12.4.5 Salinity

It is accepted that in the Lachlan River system salt and salinity is a part of the natural landscape. The
construction of Wyangala Dam has contributed to maintaining acceptable levels of salt due flood
mitigation effects and water release management from the dam.

It has been generally found that, while flood events raise groundwater levels, they may lower salt
concentration levels. When water is released from the dam it flushes the salt concentration
downstream through the river system.

Irrigation land can be managed effectively through soils that are both permeable and drainable, and the
rate of application of irrigation water is controlled (Miyamato and Galceran, 1999). The Jemalong
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Irrigation District soils fit this description. Well planned irrigation will allow enough excess water onto
the crop to flush salts from the root zone, while not allowing an excessive rise in the water table
(Australian and New Zealand Environment and Conservation Council, 1992).

The Jemalong Irrigation Limited On-Farm Water Efficiency Plans assessed all irrigation modernisation
proposals on the basis of land capability and its impact on the key environmental indicators.

12.4.6 Energy Use and Carbon Emissions

Unfortunately, irrigation application technologies that increase water use efficiency generally have
greater energy demands and carbon emissions than existing flood irrigation. The production and
placement of pipe, synthetic liner or clay lining requires energy and resources. Sub-surface drip, pivot
and lateral irrigation machinery also uses energy in production, and has an ongoing energy demand in
use. These operational energy demands and carbon emissions for in-field technology are shown in Table

12.4.7

12.4.8

12.10.
Table 12.10 Energy requirements and carbon emissions associated with in-field irrigation technology
Energy Consumption Carbon Emissions (tonnes)
In-field Irrigation | Required | per ML of water pumped per ML of water pumped
Application Pressure . . .
Technology Head Electric Diesel Motor Electric Diesel Motor
Motor (kWh) (litres) Motor
Flood/furrow 10m 45 kWh 13.33 0.045 0.04
Lateral mover 85m 385 kWh 106.66 0.385 0.322
Centre pivot 40m 181 kWh 62.22 0.181 0.188
Sub-surface drip 50m 226 kWh 62.22 0.226 0.188

Source: Smith (2004), Smith (2008), NSW DPI (2009)

Offsetting carbon emissions associated with technology upgrades against the increase in local food
production will have a direct impact on the reduction of other associated carbon outputs such as
transport and additional economic expansion.

Environmental Water Delivery

Several wetlands, primarily Lake Cowal/Wilbertroy Wetlands within the Mid-Lachlan Region, have been
signalled by DEWHA as priority assets to receive water held by the CEWH. Water cannot be delivered
directly to Lake Cowal/Wilbertroy Wetlands through the Lachlan River system. There greatest potential
for efficient water delivery to this system is through the utilisation of Jemalong Irrigation Limited’s
infrastructure. The scheme channels provide the most direct access for water from the Lachlan River to
Lake Cowal/Wilbertroy Wetlands system.

Ranking of Options from a Socio-Economic Perspective

The Options that provide the greatest degree of water savings have the greatest potential for
environmental benefit. This is compounded by considering the benefit of delivering water the Lake
Cowal/Wilbertroy Wetlands system through a more efficient network.
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12.5 Assessment of Legal Issues

12.5.1 Water Market Rules and Water Charge (Termination Fees) Rules

On 11" February 2009 the Minister for Climate Change and Water announced a proposal to make Water
Market Rules and Water Charge (Termination Fees) Rules under Sections 97(1) and 92(1) of the Water
Act 2007.

12.5.2 Commencement of the Rules

The Water Market Rules 2009 legislation commences from the date of registration on the Federal
Register of Legislation Instruments with a transitional period in relation to existing contracts and
arrangements which expires on 31* August 2009. By which time Jemalong Irrigation Limited will be
required to comply with Rule 6 that is to develop and make available their procedures. The transitional
arrangements in place under Rule 4 mean that until 1% September 2009 the Water Market Rules 2009
do not affect any existing contracts, arrangements or understandings.

The Water Charge (Termination Fees) Rules 2009, with the exception of Rules 1-4 and Rule 8 (which
commence on the day after the Termination Fees Rules are registered in the Federal Register of
Legislative Instruments), commence on 1% July 2009.

Rules 1 to 4 are formal and Rule 8 allows the ACCC to approve an additional termination fee between an
operator and an irrigator over and above the Rule 7 calculated fee of a maximum of ten times the
irrigator’s annual total network access charge.

Subject to Jemalong Irrigation Limited deciding, as a policy matter, that it will apply to the ACCC for a
higher termination fee in accordance with Rule 8 (which may not be available to Jemalong Irrigation
Limited in any event: see the provisions of Rule 8) the amendments to policies etc required by the Water
Charge (Termination Fees) Rules 2009 relating to termination fees will need to be in place prior to 1%
July 20009.

12.5.3 Other Draft Rules

There are additional draft Rules developed by the ACCC which have not yet been dealt with by the
Minister. These are:

e Water Charge Rules — Irrigation Operators (excluding Termination Fees)
e Water Charge Rules — Bulk Water
e Water Charge Rules — Water Planning and Management

12.5.4 Articles of Association/Constitution

Jemalong Irrigation Limited will need to determine, as a policy matter, whether it wishes to continue
with its existing Articles of Association for amendment to incorporate the necessary changes required by
the Water Act 2007 and the Rules, or whether it wishes to move to a Constitution.

In either event, the relevant provisions of the Act and the Rules will need to be included so far as
required and any provisions currently in the Articles which are contrary to the Act and the Rules must be
deleted.
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At this point it's not proposed to prepare a detailed amendment of the Articles as legal opinion
recommends proceeding to a Constitution. This can be done at a later date if necessary once Jemalong
Irrigation Limited has decided on whether to proceed to a Constitution. The existing Articles do not
mention delivery entitlements or termination fees and the Water Charge (Termination Fees) Rules 2009
which will come into force effectively on the 1* of July 2009 can be dealt with by way of appropriate
amendments to the Water Entitlement, Delivery Entitlement and Transformation Policy (028)
revised September 2008.

12.5.5 Water Entitlement, Delivery Entitlement and Transformation Policy

The Water Entitlement, Delivery Entitlement, Transformation Policy (028) does comply with the Water
Charge (Termination Fees) Rules 2009 to provide for:

e termination fees to be a maximum of ten times annual access fee
e option to the landholder to maintain delivery entitlement by payment of annual access fee or
to terminate

Part 2 of the Water Market Rules 2009 requires Jemalong Irrigation Limited:

e As soon as possible after the commencement of the Rule (N.B. not 1°* September 2009 but the
day after they are registered) to inform each shareholder that the Rules have been made, how
copies can be obtained and how the ACCC can be contacted.

e To establish clear procedures for transformation of irrigation rights and make
details of those procedures available to irrigators no later than 31° August 20009.

The ACCC has advised that it is developing forms for applications for transformation and these will be
reviewed prior to determining the appropriate forms for Jemalong Irrigation Limited.

Rule 10 allows for security to be taken for payment for fees or charges for delivery of water in the
circumstances set out in that Rule and lays down detailed requirements in relation to such security.

Transfer Rules

These will need to be amended by the 31°" of August 2009 to incorporate the matters referred to in the
Water Market Rules 2009.

In that regard Rules 2, 3 and Rule 4(b) to (m) should be deleted, Rule 6 modified and Rule 10 extended
to refer to the Water Act 2007 and the Rules approved there under.

Water Supply Contract (WSC)

It is recommended that the WSC which is headed as an annexure to the Articles of Association be
removed from the Articles (or the Constitution) so that it can be more readily updated, as required
from time to time, without a reference to a general meeting of the Company.

The WSC should be updated to incorporate the principles of delivery entitlements and the relevant parts
of the Water Market Rules and Water Charge (Termination Fees) Rules 2009.
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Stock and Domestic Permanent Water Transfer Policy
At this stage stock and domestic water cannot be traded.
Charges Policy

A Jemalong Irrigation Limited Charges Policy will need to be developed to deal with termination fees and
water charges when these policies are approved by the Minister.

12.6 Assessment Summary

Table 12.11 provides a summary of the findings from each of the assessments detailed in this chapter.

Note that in relation to the scores provided, each of the components (engineering, socio-economic etc)
has been given the same weighting, and each of the criteria within these components has also been
given the same weighting.

Note also that the benefit-cost ratio calculated in this table a preliminary assessment of the net industry
impact divided by capital cost.
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Table 12.11 Combined assessment of Modernisation Options
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(ML) (ML) (SM) (SM) (FTEs) (SM)
1 Do Nothing 0 0 23.5 0 0 1.25 0 0 0 3 | 425 | 10
= f‘a.b"is‘?d Backfill ~High | ¢ 100 6,880 86.8 | 235 | 273 106 | 124 | 163 | 25 25 | 05 2 | 913 9
nfiltration
2b f‘a.b"is‘?d Backfill =low | 13240 | 16,450 86.8 | 235 | 273 106 | 124 | 163 | 25 25 1 2 | 963 8
nfiltration
3 Geofabric Liner 19470 | 23,680 88.5 34.5 27.3 106 | 1.22 | 1.75 2.5 25 | 28 |15 |11.05 1
4 1iDPE Liner 19470 | 23,680 93.1 31.0 | 273 106 | 1.16 | 1.75 2.5 25 | 28 |15 |[11.05 1
> EPDM Liner 19470 | 23,680 92.5 30.3 27.3 106 | 1.17 | 1.75 2.5 25 | 28 |15 |11.05 1
2 :DPE Pipe and 20,360 | 24,790 | 150.7 343 27.3 106 | 072 | 2.00 2.5 25 2.9 1 |10.90 4
eofabric Liner
6b :ﬁ:f Pipe and HDPE 20,360 | 24,790 | 155.1 30.8 27.3 106 | 070 | 2.00 2.5 2.5 2.9 1 |10.90 4
= :ﬁ:f Pipe and EPDM 20,360 | 24,790 | 154.6 30.2 27.3 106 | 070 | 2.00 2.5 25 2.9 1 |10.90 4
v :ﬁ:f Pipe and EPDM 20,420 | 24,830 | 2588 13.5 27.3 106 | 0.42 | 2.75 25 25 3 0 |10.75 7

Notes:

e All employment and economic benefit values are based on a 36% AWD — the average annual water availability anticipated for the year 2030 accounting for climate change

e No score has been provided for carbon emissions and energy use due to complexities in estimation and weighting against environmental benefits. In general, the Options that result in the
greatest water savings also result in greatest energy requirements and carbon emissions.

e Co-contributions have not been assessed at this stage.

e On-farm costs account for in-field technology only.
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13 CONCLUSION
The Modernisation Options presented in this report and shown in Table 13.1 are characterised by the
potential technology upgrade for scheme channels. The ‘do nothing’ case represented by Option 1
provides no water savings but has been included to provide comparison against the other options with
regard to costs and benefits between now and the year 2030. Options 2 to 7 all incorporate upgrade of
scheme gating and metering, depending on the requirements of the channel upgrade. On-farm
infrastructure is included in all upgrade options, as determined in the On-Farm Water Efficiency Plans.
There are four alternatives for stock and domestic water delivery that could be employed in conjunction
with each of the channel Modernisation Options.
Table 13.1 Jemalong Irrigation Limited Irrigation Modernisation Options
On-farm channels
upgrade and soil Stock and
Option Scheme gating On-farm irrigation moisture domestic
Number Division 1 Channels | Division 2 Channels | and metering(a) infrastructure monitoring delivery
Option 1 Existing Existing Existing Existing Existing Existing
Option 2 Stabilised backfill Stabilised backfill Upgrade scheme |Asidentifiedin On- |As identified in On- Upgrade )
gates and meters |Farm Water Farm Water
Efficiency Plans Efficiency Plans
Option 3 Geofabric liner Geofabric liner Upgrade scheme |Asidentified in On- |As identified in On- Upgrade )
gates and meters |Farm Water Farm Water
Efficiency Plans Efficiency Plans
Option 4 HDPE liner HDPE liner Upgrade scheme |As identified in On- As identified in On- Upgrade(b)
gates and meters [Farm Water Farm Water
Efficiency Plans Efficiency Plans
Option 5 EPDM liner EPDM liner Upgrade scheme |As identified in On- As identified in On- Upgrade(b)
gates and meters [Farm Water Farm Water
Efficiency Plans Efficiency Plans
Option 6 HDPE pipe system + | Possible Synthetic Upgrade scheme |As identified in On- As identified in “On- Upgrade(b)
Line existing Channel |Liner or piping of gates and meters [Farm Water Farm Water
sections Efficiency Plans Efficiency Plans
Option 7 HDPE pipe system Possible Synthetic Upgrade scheme |As identified in “On- | As identified in “On- Upgrade(b)
Liner or piping of gates and meters |Farm Water Farm Water
sections Efficiency Plans” Efficiency Plans”

Notes: @ Includes upgrading farm off-take meters
®)The preferred stock and domestic water delivery system will be finalised prior to any application for infrastructure funding.

The options generally involve uniform treatment of all channels across the scheme. This provides
valuable information regarding the relative cost and water savings associated with alternative
technologies. Combinations of each of the treatments throughout different sections of the scheme may
be investigated further should an application for infrastructure be made.

The Sustainable Rural Water Use and Infrastructure program under which this Irrigation Modernisation
Plan has been developed aims to promote projects that:

1. Deliver substantial and lasting returns of water for the environment
2. Secure a long-term future for irrigation communities
3. Deliver value for money in the context of the first two tests

-105-



]EMALOHs(!BN)@éTION LIMITED IRRIGATIQ;%eMﬁBEol}M!??ATION PLAN

Modernisation of scheme channels and on-farm infrastructure in the Jemalong Irrigation District has
potential to save up to 20,420ML in an average year in 2030 (36% AWD). This value is equivalent to the
total of the environmental contingency allowances to be held in Wyangala Dam and Lake Brewster as
set out in the Water Sharing Plan for the Lachlan Regulated River Source.

The percentage of the savings that might be traded to the Commonwealth Environment Water Holder
(CEWH) in return for infrastructure has not been identified in this Irrigation Modernisation Plan as there
are complex and difficult decisions to be made by each individual JIL shareholder. However, in practice,
the amount of water that would be held in Wyangala Dam is likely to be over twice the traded amount
due to savings made in transmission losses between the dam and Jemalong Weir.

Water transferred to the CEWH through the Sustainable Rural Water Use and Infrastructure program
will be of the form of water entitlement. The CEWH will then have the enduring ability to deliver water
to environments within the Lachlan Catchment that reflect the Australian Government’s priorities.
Several wetlands of national importance, along with smaller wetlands of great significance and overall
river health have potential to experience real and substantial benefit, particularly during crucial times of
very low allocation.

The Lake Cowal/Wilbertroy Wetlands system has been identified by the Australian Government as a key
environmental priority in the Lachlan Catchment. This system is on a tributary of the Lachlan River and
water cannot be delivered to it simply by releasing from Wyangala Dam. The most direct way in which
water can be conveyed to the Lake Cowal/Wilbertroy Wetlands system is through the Jemalong
Irrigation District network. Thus, there may be compound benefit to the CEWH in upgrading this
network to a highly water efficient system.

The benefits of upgrading the Jemalong Irrigation District are also compounded throughout the local,
regional and national community. Upgrading the on-farm infrastructure throughout the Jemalong
Irrigation District has potential to generate over $100 million in additional output over 20 years.
However, this benefit will be ongoing well beyond the year 2030. Similarly, the 29 additional full-time
equivalent positions that might be required following modernisation will endure into the long term.

Secure irrigation production will support regional banking, finance, professional services, education and
health and drive regional investment and development. It will help irrigation communities make early
adjustments in anticipation of the new Murray-Darling Basin cap on water extractions and climate
change. It will also help secure long-term national food production.

Securing access to stock and domestic water through any of the four alternatives presented in this
report will provide enormous benefit to stock health, sustainable production in low allocation years, and
farming families mental and general wellbeing. Piped bore water stock and domestic systems have been
constructed throughout much of the Jemalong Irrigation District. However, most of these systems aren’t
capable of providing total necessary stock and domestic water requirements and there are concerns
over the long-term sustainability of groundwater resources in the region.

A preliminary cost-benefit analysis (calculated as net industry impact divided by capital cost) has been
undertaken for each of the options presented. The benefits outweigh the costs for Options 2 to 5.
Options 6 and 7 have a lower value for benefit as defined for this preliminary assessment than the costs.
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However, if the longevity of the pipes in these options is considered, over their 60 year lifespan, the
benefits of increased production are likely to far outweigh the costs.

A few of the multitudes of additional benefits that are not costed in this test include: the environmental
benefit associated with water transfer to the CEWH; the ability to efficiently deliver water to the Lake
Cowal/Wilbertroy Wetlands system; the reduced reliance on social services; increased taxation from
increased production throughout the region; and increased equality in service provision throughout all
Australians.

Options 3 to 7 provide the greatest level of water savings of the alternatives presented in this report,
and therefore the greatest potential environmental benefit. Although piping within Options 6 and 7 has
a greater capital cost, there are significant advantages to these options such as the ability to deliver
water in lower allocation years, reduced risk associated with maintenance costs and greater operational
flexibility.

The findings of this report rely on estimates of ‘losses’ throughout the channel network. The nature of
the soil structure throughout the scheme means that existing information is insufficient to determine
accurate rates of infiltration. Therefore, estimates of potential water savings in this report rely on high
levels of anecdotal information. The key to obtaining more accurate assessment of water savings is the
collection of information on infiltration rates and hotspots throughout the scheme. It is strongly
recommended that this testing be undertaken prior to submission of an application for infrastructure
funding.

A more detailed cost-benefit analysis is also recommended if an application for infrastructure funding is
to be made, along with consideration of rationalisation and cost sharing arrangements.

Modernisation of the Jemalong Irrigation District has great potential to fulfil the aims not only of the
Sustainable Rural Water Use and Infrastructure program but also the four key priorities of the Water for
the Future initiative. Irrigation modernisation within the Jemalong Irrigation District will help farmers
and the broader community adapt to climate change. It will promote water being used wisely and it will
secure water supplies for the population within the district. Finally, it will provide water to maintain
healthy rivers and waterways.
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JEMALONG IRRIGATION LIMITED IRRIGATION MODERNISATION PLAN

COMMUNITY GROUP CONSULTATION QUESTIONNAIRE

Jemalong Irrigation Limited has engaged Western Land Planning to develop an Irrigation Modernisation Plan.
This Plan aims to identify current water use, and investigate where efficiency gains might be made with the
aim to ensure sustainable environment, society and production outcomes.

As part of this process, we are trying to gauge the community’s perceptions and expectations for agriculture,
irrigation and water use within the Lachlan Valley surrounding Jemalong over the next 20 years. We
appreciate your thoughts relating to the following questions, and on any other aspect of the project.

If we are unable to collect this questionnaire in person, we would be grateful for your posting it to:

Western Land Planning
PO Box 2705 Or by email to:
Dubbo NSW 2830 s 22(1)(a)(ii)

Name and Organisation (optional):

Question 1: Do you believe irrigated agriculture within Jemalong and in the surrounding Lachlan Valley is
sustainable in its current form, from an individual farmer’s financial perspective as well as natural resource
sustainability? If not, what changes do you believe are necessary to promote sustainability?

Question 2: Do you believe the population of the Lachlan Valley surrounding Jemalong will increase,
decrease or stay the same over the next 20 years? What factors do you see as important in relation to
population change?

Page 1 JIL MP Consultation Questionnaire Q V1.doc 004
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Question 3: How important an impact do you believe the following pressures will have on water resources

over the next 20 years (please circle)?

o Urban expa nsion Very important Mildly important Neither  Mildly unimportant  Very unimportant
o Mining Very important Mildly important Neither  Mildly unimportant  Very unimportant
o Environment Very important Mildly important Neither ~ Mildly unimportant  Very unimportant
o Irrigation Very important Mildly important Neither ~ Mildly unimportant  Very unimportant
e Other

Question 4: How important an impact do you believe the following pressures will have on land use over the
next 20 years (please circle)?

o Urban expa nsion Very important Mildly important Neither ~ Mildly unimportant  Very unimportant
L] Mining Very important Mildly important Neither Mildly unimportant  Very unimportant
o Food prod uction Very important Mildly important Neither ~ Mildly unimportant ~ Very unimportant
o Biofuels development Very important Mildly important Neither ~ Mildly unimportant  Very unimportant
o Environment Very important Mildly important Neither  Mildly unimportant  Very unimportant
e Other

Question 5: In your view, how important are the following industries to the economy of the Lachlan Valley
surrounding Jemalong?

L] Dryland agriculture Very important Mildly important Neither Mildly unimportant  Very unimportant
o Irrigated agriculture Very important Mildly important Neither  Mildly unimportant  Very unimportant
o Food processing Very important Mildly important Neither ~ Mildly unimportant  Very unimportant
L] Mining Very important Mildly important Neither Mildly unimportant ~ Very unimportant
L] Agricultural equipment Very important Mildly important Neither Mildly unimportant  Very unimportant

and services

Question 6: What do you anticipate to be the important economic growth areas in the Lachlan Valley over
the next 20 years and what factors do you think will be important in this expansion?

Page 2 JIL MP Consultation Questionnaire Q V1.doc 004
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Question 7: What do you believe to be the most important local environmental assets? What could be done
to protect these assets?

Question 8: Do you believe it is important for additional water to be made available for the environment?

Question 9: How important do you see the following to the sustainability of the community in the Lachlan
Valley surrounding Jemalong?

e Food prod uction Very important Mildly important Neither ~ Mildly unimportant  Very unimportant
L] Irrigated agriculture Very important Mildly important Neither Mildly unimportant  Very unimportant
e Stock & domestic water Very important Mildly important Neither ~ Mildly unimportant  Very unimportant
o Jemalong Irrigation Very important Mildly important Neither ~ Mildly unimportant  Very unimportant
Other/Comments:

Additional comments you might have regarding irrigation in the Lachlan Valley surrounding Jemalong:
(Please feel free to attach additional pages if required)

Thank you for your time in completing this questionnaire. Your thoughts are important to the Jemalong
Irrigation District Irrigation Modernisation Plan

Page 3
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JIL BOARD AND REVIEW COMMITTEE CONSULTATION QUESTIONNAIRE

The Jemalong Irrigation Limited Irrigation Modernisation Plan will develop case confirming that irrigation
production is positive and sustainable within the JIL district and worthy of the Australian Government
investing in infrastructure in the district. A part of this case includes the current perceptions and trends
within agriculture and water use, and socio-economic and community factors within and surrounding the JID
(eg population change, the importance of irrigation to the local economy). Another part of the case is where
JIL sees itself in the short term (2012) and long term (2030).

To develop this case, we would appreciated if you could complete the following survey and relay your
thoughts relating to the following questions, and on any other aspect of the project you feel relevant. Can
you please return this questionnaire by posting or emailing to s 22(1)(a)(i) at Western Land Planning:

Western Land Planning s 22(1)(a)(ii)
PO Box 2705

Dubbo NSW 2830

Name (optional):

Question 1: Do you believe irrigated agriculture within Jemalong and in the surrounding Lachlan Valley is
sustainable in its current form, from an individual farmer’s financial perspective as well as natural resource
sustainability? If not, what changes do you believe are necessary to promote sustainability?

Question 2: Do you believe irrigation in the Jemalong Irrigation District (JID) will be viable in the future if
scheme losses are reduced and the average allocation is:

15%? Yes No 30%? Yes No
37%? Yes No 40%? Yes No
45%? Yes No

What factors do you see as important in determining the threshold of viability?

Page 1 JIL MP JIL Board Consultation Questionnaire Q V1.doc 004
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Question 3: What do you see as the future trends in agronomic and irrigation practices within the JID and
broader agricultural community?

Question 4: What has been the impact of minimal general security (irrigation) allocations over the last 6
years on the local community? Eg have there been any banks, schools, shops, abattoirs close? Has the
general community feeling changed?

Question 5: How important an impact do you believe the following pressures will have on water resources
over the next 20 years (please circle/highlight)?

o Urban expa nsion Very important Mildly important Neither  Mildly unimportant  Very unimportant
o Mining Very important Mildly important Neither ~ Mildly unimportant  Very unimportant
L] Environment Very important Mildly important Neither Mildly unimportant  Very unimportant
L] Irrigation Very important Mildly important Neither Mildly unimportant  Very unimportant

e Any others?

Question 6: What do you believe has been or will be the impact of open market water trading, the ACCC
recommendations on Water Market Rules and the buy back scheme within the Lachlan River?

Page 2 JIL MP JIL Board Consultation Questionnaire Q V1.doc 004
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Question 7: Are there any changes to river operations/ storages /Jemalong weir that could be made to
improve delivery system efficiency?

Question 8: Describe how you see Jemalong Irrigation Limited functioning in the year 2030. What is the
structure of JIL management, how does the scheme operate? What are the strategies for JIL over the next 20
years?

Question 9: Do you believe that family succession will play an important role in the future of farming in the
Jemalong District?

Question 10: What other issues do you see playing a role in the future of JIL and irrigation in the district?

Question 11: Do you believe the population of the Lachlan Valley surrounding Jemalong will increase,
decrease or stay the same over the next 20 years? What factors do you see as important in relation to
population change?

Page 3 JIL MP JIL Board Consultation Questionnaire Q V1.doc 004
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Question 12: What do you anticipate to be the important economic growth areas in the Lachlan Valley over
the next 20 years and what factors do you think will be important in this expansion?

Question 13: What do you believe to be the most important local environmental assets? What could be
done to protect these assets?

Please note any specific people or organisations that you feel should be included in the consultation process.
Additional comments you might have regarding irrigation in the Lachlan Valley surrounding Jemalong:
(Please feel free to attach additional pages if required)

Thank you for your time in completing this questionnaire. Your thoughts are important to the Jemalong
Irrigation District Irrigation Modernisation Plan

Page 4 JIL MP JIL Board Consultation Questionnaire Q V1.doc 004
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1. INTRODUCTION

s 22(1)(a)(ii) from Jemalong Irrigation Limited (JIL) instructed Goodfellow & Associates to
report on water delivery, management and application products that may suite irrigation scheme
and on farm irrigation modernisation. This report reviews various irrigation products identified
as relevant to irrigation modernisation.

1.1.Scope of Works

Goodfellow and Associates understand that a report reviewing irrigation-related products will
include, but is not limited to, water delivery, water management and water application products
available within Australia that would suit both an irrigation scheme and on-farm modernisation
programme. This review should, where possible, cover the following topics:

Brands;

Manufacturers;

Availability within Australia and distribution arrangements;
History of use;

Typical application as it applies to the project;

Other dependant infrastructure requirements;

Water use efficiency statistics;

Operating costs;

Life span;

Maintenance requirements and cost;

Recent technological advancements;

Current research;

Operational procedures;

Ability to perform to specification;

Case study examples of performance;

Existing user comments;

Identified problems or faults;

Shelf price;

Indicative cost of replacement parts or routine maintenance;
Capacity for expansion or limiting factors;

Energy use; and

Associated carbon emissions for whole of life cycle and operation.

A list of product types of interest was provided by JIL as follows:

Alternative pipes;
Alternative liners;
Pivot;

Lateral move;

Drip irrigation;
Gating systems;
Telemetry systems;
Meters;

Pumps; and
Fencing.

Where possible, these products were included within the assessed Irrigation Product Review.

In some cases products have been grouped into classification of equipment such as water meters
and channel liners. For product groups (equipment), a summary was provided with identifying
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characteristics to assist with individual brand or type selection. In cases where strong
characteristics prevail for individual product types or brands, these products were summarised
in a standard format. In cases where many product types and brands exist, a summary of
selection and predominant characteristics have been provided to assist in individual product
selection. The standard format utilised to summarise individual product types or brands is
shown in the following table.

Table 1. Standard Product Summary Table.

Equipment:

Types:

Components:

Dependant infrastructure requirements:

Typical application:

History of use:

Water Use Efficiency statistics:

VN OPRWN -

Limiting factors:

o

Recent technological advancements:

[N
o

Current research:

=
=

Case study examples of performance:

=
N

Recommended application:

=
w

Establishment procedures:

H
I

Operational procedures:

[EY
ol

Brands and manufactures:

=
»

Availability in Australia:

=
-~

Market distribution:

=
00]

Life span:

[EY
©

Indicative price:

N
o

Case study establishment price:

N
s

Case study operating costs:

N
N

Repairs and maintenance requirements:

N
w

Case study maintenance and repair costs:

()
=

Part costs and availability:

N
(63}

Case study energy use:

N
e}

Ability to perform to specifications:

N
~

Identified problems or faults:

N
oo

User comments:

N
o

Capacity for expansion:

w
o

Associated carbon emissions:

1.2. Review Interpretation

1.2.1. Interpretation of Information Provided

Information and data provided within this report should be considered a guide and summary of
information only. Detailed information on individual products or brands should be sought
directly from the supplier or manufacturer. Information independently assessed about different
equipment has been included in the listed references where this information was readily
available at the time of collating this report. The reference material presented within this review
may not be comprehensive and thus it is strongly recommended to source additional material for
further clarification on any particular identified topic.

The information collected from suppliers, manufactures and referenced source material was
combined with the experience of the authors and interpreted to create this report and the
individual product summaries.
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The intention of this report is to provide a guide to various equipment, characteristics of
selection and a summary of information on selected individual products. This must be used as a
guide to seek further information that will assist the reader in selecting suitable equipment for
scheme or on-farm modernisation.

1.2.2. Products Reviewed

Irrigation products have been reviewed either as a group, individually, as an individual branded
product, or a combination of the above. The following list indicated the groups and items

reviewed:
e Channel liners:
o HDPE;
o ITM;
o PMC;
e Pipes:
o Alternative gravity pipes:
= Stormpro;
= Plastream;

= Greenpipe;
o Pressurised pipes;
e Pumps;
e Control Gates;
e On-farm distribution:
o Pipe and Risers;
= Solid sub-surface;
= Surface;
o Pivots and Laterals;
o Drip Irrigation;
= Sub-surface;
= Automation;
e Water Meters;
e Water Monitoring
o Soil moisture monitoring;
o Field water monitoring; and
e Automation.

This is not intended to be an exhaustive list of possible irrigation products that are suitable for
modernisation of irrigation schemes and on-farm irrigation systems and delivery mechanisms.
The list of equipment and individual products assessed only represents those considered as a

possibility for the intended irrigation scheme and its members predominant farming practices.

1.2.3. Limitations

Information collected within this report is based on a combination of the authors’ product
knowledge, data supplied by suppliers and manufacturers, and reference material reviewed.
Thus the identified references are not exhaustive and thus should be considered as a guide to the
type of information readily available to be reviewed. Various State Departments of Primary
Industries or Natural Resources provide reference material that could directly or indirectly relate
to the topics reviewed. Only some of these references may have been included within this
report.

Manufacturers or suppliers listed within this report may not reflect all manufactures or suppliers
that may produce or sell these products in Australia. The listed manufacturers or suppliers are
those identified by the authors with a history of supply within the irrigation industry. Other
manufacturers may make similar products that are suitable alternatives to those identified within
this report.
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All prices within this report are GST exclusive unless otherwise stated. All costs are indicative
only for the purpose of comparison between different products. These prices or costs may not
be able to be used for comparison between different equipment types. The indicated prices may
also represent list prices which may not reflect the actual cost of purchase by either a scheme or
an individual irrigator. Within this industry, price is generally set on volume. Prices for actual
products need to be considered in situ as different usage may incur significantly different
overall costs. It is strongly recommended that if a comparison is to be made between different
product options, it is done so on the basis of the intended purpose with competitive quotes
obtained to reflect the particular details of the intended use.

Associated carbon emissions for whole of life cycle and operation has been included in the
summary list as requested. However in the majority of cases, this section has not been fully
completed because carbon emission data for the listed products is not readily available or in
general publication. In many cases, carbon emissions are dependant upon the actual usage of the
product as well.
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2. EARTHEN CHANNEL REPLACEMENT

2.1.Channel Liners Selection Criteria

The greatest cause of water loss in transfers between water sources and irrigators is due to leaks
and seepage in channels. Channel lining is a recognised method to upgrade and remediate
deteriorated channel systems where seepage is a major issue. It is equally an important
consideration in ensuring water delivery efficiency in the construction of new channel systems
to minimise seepage losses.

There are important factors that require overall analysis to assess viability and arrive at an
appropriate solution that include:

e The scope and cause of the seepage problem;

e Site specific conditions;

e The objectives of the remediation or new construction;

e Relevant criteria for the assessment of various techniques;

¢ Financial and Cost Benefit Analysis; and

e Comparative assessments of criteria to prioritise potential techniques.

The following points indicate fundamental criteria for initial investigation to identify suitable
channel lining options prior to assessment and selection of the most appropriate technique(s).

Current and Future Supply Requirements — Ability of existing capacity to meet current and
future supply requirements.

Channel Capacity — The selection of different techniques is influenced by channel size and
capacity, e.g., pipelines can be effective for small channels but less practical for larger capacity
channels. Space limitations for construction may also influence the remediation technique.

Operational Schedule — Most irrigation channels are emptied / drained only for a relatively
short time in the off-season. The type and extent of remediation should consider construction
opportunity and timeframes.

Impact of Seepage — Vertical or lateral seepage may be mitigated by different methods of
remediation. The extent of seepage impact, negative or positive, may influence the scope and
type of remediation.

Channel Dimensions and Site Conditions — Survey of the channel site is required to identify
site features, limitations, preparatory works required and quantities of materials.

Soil Types and Subgrade Quality — Soil parameters such as permeability, dispersion and
expansion / shrinkage potential, settlement, load bearing capacity, and texture of subgrade (e.g.,
smooth or rocky) may influence the selection of remediation techniques.

Topography/Flow Velocity — Flow velocities will influence selection of remediation methods
depending on their ability to withstand them.

Climatic Conditions — Climatic conditions during the anticipated construction period often
present a challenging working environment (usually wet and cold, but in some areas hot). This
should be considered in both the selection of a technique and the method of installation.

Groundwater Levels — High groundwater levels can exert upward pressure on liners and
dislodge them, which is an issue for both flexible and rigid surface liners. Compact earth liners
have performed well in high groundwater conditions.

Adjacent Land Use — Adjacent land use and its value may influence the construction and final
width of the channel and hence the remediation technique.

Page|5



LEX-21080 Irrigation Production lﬁ’%ﬁbb‘ﬁ\ﬁ%&@;
Operation and Maintenance — Existing O&M activities and requirements should be
considered in remediation selection, e.g., fluctuating water levels and frequency of de-silting.

Potential for Damage and Exposure — An assessment of the risk and potential sources of
damage should be undertaken and a liner chosen which is able to resist damage.

Structural Integrity of Channel Profile — If a channel and banks are not structurally sound,
they may not support the installation of a liner without some remodelling work.

Occupational Health and Safety — Potential risks to public safety and authority staff should be
considered in the selection of remediation techniques, e.g., flexible membrane liners can be
slippery which makes it difficult for humans and animals to get out of the channel and the effort
required to escape the channel usually results in puncture damage, particularly by clawed
animals such as kangaroos. Extraction of trapped animals may pose similar hazards.

2.2.Liner Types
In selecting liners for channels, there are three main types to consider:

e Earthen
e Hard Surface
e Geomembrane

Within these categories, a large range of products and methods are available. Generally, the key
success of the different types can be evaluated in terms of permeability performance as shown
in Table 2. Indicative Liner Permeability below (as sourced from Lush G 2004 Guidelines for
Channel Seepage Remediation). Compacted earth, bentonite lining, chemically stabilised soil
and ordinary clay loam are all well established Earthen methods, whereas Geomembranes are
representative of more recent technological advancements. The table clearly illustrates the
superiority of Geomembranes over the other alternatives.

Table 2. Indicative Liner Permeability

Type of Lining Expected Se.epage IndicZative Liner Permeability
Rate Reduction (L/m*/day)

Compacted Earth 70-90% 0.5 - 2.0 but varies widely

Bentonite Lining 60 — 70% 05-1.0

Chemically Stabilised Soil 60 — 90% 0.5 — 1.0 but varies widely with material used

Concrete 70 — 90% Below 0.5 if well constructed and maintained

Geomembrane 85— 95% 0 - 0.5 but varies

Unlined - ordinary clay loam 5.0-25.0

Since 2003 when the above assessment was prepared, the performance of Geomembranes has
improved towards the 100% seepage reduction goal, particularly as impermeable composite
liners continue to demonstrate performance improvements in impermeability, resistance to
puncture leaks and, in particular, the ability to seal to concrete headwall and canal structures.
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2.2.1. Earth Lining

Earth lining is a method of channel construction or remediation where a property of an in situ or
imported soil is employed as the main method of seepage reduction. With the advancements in
soil engineering and earth moving equipment, earth lining is traditionally one of the most
common types of channel remediation used in Australia. It has been widely employed for long-
term usage and remediation and also has a longer performance history than other lining methods
despite limitations in efficiency, particularly over time. Locally available material is usually
considered first for channel remediation. Therefore, compacted earth linings are recognised as a
relatively inexpensive and effective way of reducing seepage from a channel if required
materials, machines and labour are readily available and the scale of the project is large enough

to fully utilise heavy earthmoving equipment.

In recent times, the efficiency of earthen lining has fallen behind acceptable standards in
reduction of seepage with the higher cost and scarcity of water in Australia. Also, earthen
channels have maintenance costs relating to weed control, erosion and animal damage. In many
circumstances, the cost of earthen lining may be less cost effective than lining with a flexible
membrane, particularly over the long term. The majority of established earthen channels are
highly suitable for improvement with flexible membrane liners. Table 3 below is a summary of

the common methods used for Earthen liners.

Table 3. Common Methods used for Earthen Liners

Key Selection and 1 . Maintenance Cost?
Method Instal_latlon_ Seepage Rate Durability Requirements ($/m?)
Considerations
Compacted e | |Only suitable if Expected seepage Estimated to have an Annual maintenance to  Generally a
Earth in-situ soils exhibit reduction is in the effective life of up to check on integrity of low cost lining
Liners (in properties that will range of 70% to 30 years. Greater liner. Mechanical de- option
situ) result in reduced 90% durability can be silting methods not
permeability under achieved by covering  suitable due to
compaction. with topsoil or potential damage to
crushed rock lining.
e | |Compaction of
material on batters
can be difficult.
e [Technique will be
limited to channels
of sufficient size to
accommodate
compaction plant.
o [JCompaction
equipment and
experienced
contractors widely
available.
Compacted e [JRequires the Expected seepage Estimated to have an Annual maintenance to  Generally a
Earth availability of reduction is in the effective life of up to check on integrity of low to medium
Liners suitable borrow range of 70% to 30 years. Greater liner. Mechanical de- cost lining
(imported) material close to the ~ 90% durability can be silting methods not option,
remediation site. achieved by covering  suitable due to especially if
with topsoil or potential damage to suitable

e [Clay lining is a
standard and
straightforward
technique for
channel
remediation, in
which water
authorities and
earthwork
contractors have
expertise and
equipment.

o [IImported material
can be blended with
in-situ material to
reduce haulage.

crushed rock.

lining.

materials are
found nearby.
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LEX-21080
Key Selection and . 2
Method Installation Seepage Rate’ Durability I\/Ialnt_enance Cost
. ) Requirements ($/m?)
Considerations
e [lAccess for
compaction
equipment may be
limited for small
channels
e Clay liner can be
covered to improve
longevity
Bank o [IMitigates lateral N/A Remodelled/Reconstr  Inspections for Low
Remodelling seepage only ucted erosion, piping due to
banks are estimated to  dispersion and
e [lIsacommon last for 100 years shrinkage cracks.
technique, with Prevention/removal of
good availability of tree growth.
equipment and
resources
Loose Earth e [IPlacement of a N/A — One trial Loose earth linersare ~ Continuing placement ~ Low
Liners loose uncompacted reported seepage expected to be of loose material may
layer of selected rates through 150 effective for only a be required to maintain
clay soils spread mm loose earth short time —upto 5 seepage reduction.
over the channel blanket to be 4 years. Some longer
bed and batters up times the rate term benefits may
to 300 mm thick. through a 600 mm result were the
) compacted liner subgrade soil has
e | 1Ongoing treatment 1 ysing the same pores into which the
decrease available material. fine grained lining
waterway area. particles can penetrate
and become
entrapped.
Soil e [JRequires Expected seepage Modified soil Annual maintenance to  Generally
Modification application of reduction varies mixtures are check on integrity of medium to
additives to soil considerably with estimated to have an liner. Mechanical high.
substrate to improve  materials used. It effective life of 30 desilting methods not Soil
material properties.  can be as high as years, similar to suitable due to modification is
Additives include 80% to 90% with compacted earth potential damage to an additional
lime, cement, resins,  concrete. A seepage  liners depending on lining. costto a
swelling clays and rate reduction of the additives used. compacted
chemicals. 70% is expected clay liner.
with Bentonite. Bentonite is
e | [Following fairly
modification the expensive
liner is constructed
similar to a
compacted earth
liner.
Soil Sealants o | 1Soil sealants are Seepage reductions Generally provide Would require Medium
generally applied vary from 65% to good seepage frequent reapplication Bentonite use
either directly to the ~ 90% but only for a remediation during to achieve long term is expensive

sub-grade or
dispersed in flowing
or standing water.

e [IMaterials include
silts and clay,
bentonite, resinous
polymers, soda ash,
and asphalt
emulsions.

short time after
application.

the first few seasons
of service only.

success.

1.  Seepage rates provided as a percentage are dependent on the initial seepage rate of the channel and are only provided to
enable a general comparison of effectiveness.

2. The costs have been standardised to a rating of high, medium or low for comparison. Costs are highly dependent on a
variety of site specific factors and costs of materials at the time and therefore quoting actual prices experienced at some
sites may be misleading. A site specific economic evaluation should be performed to allow proper comparison of costs
before selecting a method of seepage remediation
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2.2.2. Hard Surface Lining

The construction of concrete channels has declined over time as more cost effective options
have come into play. The greatest usage of this material occurs in porous sandy soil conditions
or for the carriage of high velocity water. Of all options, concrete is by far the most expensive
and is prone to cracking and seepage at the joints as the material ages.

Where a hard-surface channel lining is to be applied in an area where groundwater is likely to
rise above the bottom of the lining, drains must be provided underneath or alongside the channel
to relieve any hydrostatic pressure which might cause uplift and damage of the lining. Concrete
linings are particularly susceptible to rupture by outside hydrostatic or other pressures.

Shotcrete is a cheaper option but requires skilled labour, is subject to cracking over time and is
also very expensive. It is mainly used in sections of concrete channels where strata conditions
and access issues cause difficulty in forming and pouring construction work.

For the purposes of lining channels, concrete is no longer considered an option generally for the
purposes of irrigation unless special engineering conditions justify cost outlays. Of more
importance is the growing need to line existing structures where leakage is a serious issue.
Maintenance of a deteriorating concrete liner is very expensive. Materials used to reline
concrete channels include Butyl Rubber and EPDM, asphaltic compounds and ITM Liner.

2.2.3. Flexible Membrane Materials

As the increasing cost of water, scarcity of supply and regulated efficiency requirements
influence management practices, the minimisation of water losses to greater levels becomes
more cost effective. Materials and methods will continue to develop with greater efficiencies
and flexible membrane materials used as a composite are becoming the prominent technological
area of advancement. The aim of composite materials is to amalgamate the strengths of various
materials to overcome their inherent weaknesses. Generally the problem is that the most
flexible and impermeable geomembranes are readily degraded by UV sunlight exposure and
become too hard when additives are used to give UV protection. They are also easily ruptured
and punctured and become too inflexible as a thicker material with poor surface adhesion
quality necessitating gently sloped batters. By sandwiching the most flexible geomembrane
between higher tensile geotextiles such as polypropylene with UV coatings, spray on-
cementitious layers or other combinations, puncturing and UV degradation can be greatly
reduced.

The range of flexible membrane/geotextile materials continues to grow with new products
appearing regularly on the market, and it should be noted that the following list is by no means
exhaustive.

PVC - Polyvinyl chloride (PVC) when used as a geomembrane contains additives known as
plasticisers that enable it to become a soft flexible structure suitable to be used to line channels.
It is the presence of these additives that make the PVC material susceptible to contact with
various chemicals and exposure to UV radiation, which then causes the material to become
brittle. The susceptibility to UV radiation means that some form of cover is usually required
when this material is used.

HDPE - High Density Polyethylene (HDPE) is a common material used as a geomembrane and
is similar to the material used in black polyethylene pipes. It has a broad chemical resistance
and excellent UV resistance, but has a lack of flexibility and can develop brittle stress cracking
at low stresses if not properly formulated. Since HDPE is a very stiff material, it cannot be pre-
fabricated into panels. Instead it is delivered to the job site in rolls up to 6 metres wide and all
the seaming is done on-site.

VLDPE & LLDPE - Very Low Density Polyethylene (VLDPE) and Linear Low Density
Polyethylene (LLDPE) have been introduced in more recent times to address the shortcomings
of HDPE in terms of flexibility. These are less crystalline forms of polyethylene which result in
increased flexibility and a membrane less conducive to brittle stress cracking. However some
degree of chemical and UV exposure resistance is sacrificed as a result and these materials are

Page|9



LEX-21080 Irrigation Production lff’%\bb“é\ss%f)%;

generally not recommended for exposed applications, although UV stabilised products are
becoming available. While more flexible than HDPE, these LDPE materials are still not as
flexible as PVC for ease in handling during installation.

FPP - Flexible Polypropylene (FPP) is a relatively new material and is produced in both
unreinforced (PPU) and reinforced (PPR) forms to provide a choice in terms of tensile
behaviour. The unreinforced membrane is typically very flexible with excellent elongation
capabilities, however the reinforced membrane has low thermal expansion properties. FPP has
quite a good resistance to common chemical exposures, excellent mechanical properties and
excellent UV performance when the polymer is properly stabilised. This is sometimes referred
to as FPA (Flexible Polypropylene Alloy).

CSPE - Chlorosulphonated Polyethylene (CSPE or Hypalon) is a geomembrane that is based on
the use of chlorine and sulphur to modify and soften the polyethylene structure in order to make
the material more flexible to facilitate seaming. CSPE membranes are always scrim reinforced
for strength and dimensional stability. CSPE provides very good chemical resistance, excellent
UV exposure performance and are not subject to cracking and embrittlement with long term
exposure.

CPER - Reinforced Chlorinated Polyethylene is a product similar to CSPE.

EIA - Ethylene Interpolymer Alloy (EIA) geomembranes are an alloy of PVC resin with a
special ethylene interpolymer that results in a flexible plastic free material. EIA geomembranes
maintain the advantages of PVC but have a high degree of durability and chemical resistance,
especially in relation to hydrocarbons and extreme temperatures. They are typically fabricated
with a high strength reinforcing scrim. This product is typically used for speciality applications
and is quite expensive.

EPDM and Butyl Rubber - Butyl rubber is a highly weather resistant, highly flexible, high
elongation and durable membrane. EPDM (Ethylene Propylene Diene Monomer) was
developed from butyl rubber and is installed as liners, caps and covers in containment
applications worldwide, but is relatively new to the channel remediation industry. It exhibits
excellent elongation characteristics and does not require a soil cover. Also, it exhibits high
tensile strength and excellent resistance to punctures, UV radiation, weathering and microbial
attack.

Dam Seal - The Dam Seal concept involves the in-situ application of a mineral filled,
rubberised bitumen emulsion to a geotextile fabric liner. The DamSeal emulsion impregnates
the geotextile and forms a waterproof lining of the channel floors and batters.

Liquid Boot is another product similar to Dam Seal.

Asphalt - Asphalt is a material which is used in several different lining methods. The thinner
asphalt layers which are more common in today’s climate of high oil prices are generally
regarded as a flexible membrane liner. Types of flexible membrane asphalt liners include
sprayed in place asphalt and hot-rolled asphalts, and polymer-modified asphalt roll goods
(geomembranes).

Geosynthetic Clay Liner - Geo-synthetic clay liners (GCL) consist of clay material, usually
bentonite, woven into the middle of two geotextile layers. This lining mechanism uses the
beneficial properties of bentonite clay, and the material to which it is bonded holds the clay in
place. GCLs require at least 0.3 m cover of soil ballast over the GCL to provide sufficient force
to confine the expansion of the Bentonite core layer.

Polyurethane Coated Geotextile — Similar to the Dam Seal concept, but with the application of
a UV resistant 1.5 mm thick Polyurethane cover over a geotextile fabric.

On-site fabricated plastic - On-site fabricated plastic is an emerging technology that is not yet
commercially available. The technology will enable production of a continuous plastic film,
without the need for seams. The manufacturer anticipates that the product will be of appropriate
strength, competitively priced compared to 0.75 mm HDPE, and require less subgrade
preparation than standard flexible plastic sheeting.
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Polyester - A category of polymers which contain the ester functional group in their main
chain. Polyester is either used as a woven or matted fibre material. It has high tensile strength
and flexibility, low water absorption and minimal shrinkage characteristics particularly well
suited to performance as a geotextile.

Acrylic Seal — Essentially an acrylic paint with UV stabilisers and other additives used as a
protective coating and moisture barrier normally impregnated into an exposed geotextile layer.

ECC - Engineered Cementitious Composite, also called bendable concrete, is an easily
moulded and shaped mortar-based composite reinforced with specially selected short random
fibres, usually polymer fibres. This concrete composite is stronger than regular concrete and
unlike regular concrete, can bend without breaking when strained with ductile behavioural
properties like sheet-metal. Additionally, the material can self-repair hairline cracks. After a
light rain or inundation, dry material exposed by the cracks reacts with water and carbon
dioxide to form "scars" of calcium carbonate that make the healed concrete as strong as before.

ITM Liner — Composite Geomembrane Geotextile. Consists of a woven polyester membrane
saturated with an acrylic paint on top of a geomembrane of flexible polypropylene with a
bottom layer of a non-woven polyester geotextile.

PMC Liner — Polymer Modified Cementitious Composite or Flexible Cement Imbedded
Membrane. A polymer modified cementitious composite (ECC) imbedded into a woven
geotextile consisting of fibreglass reinforced polypropylene. Impervious, extremely strong and
puncture resistant but flexible. Considered UV stable.

Table 4 below represents a practical comparison between the product solutions considered to be
commonly available and in use over a period of time. HDPE is the most commonly used
product in channel linings.

Table 4. A Quick Comparison of Flexible Membrane Materials

Material Advantages Disadvantages Application Properties
PVC e Resists acids and e Susceptible to damage o Where off site o Auvailable gauges 0.2—
bases from burrowing fabrication is possible. 0.85mm
freshwater life . . .
o Flexiblel! e Surface preparation is e Available widths 1.2—
Susceptible to stiffness less than ideal 19m
e Most workable of all with aging
geomembranes e To increase the service e Joining by heat,
. e Becomes brittle at 0°C, life and reduce solvent or adhesive
» Offers superior making it difficult to installation problems a
puncture resistance handle in cold seasons thicker liner of 0.51mm

0.25mm originall
e Not UV resistant, ( ginally)

susceptible to damage o Doubling the thickness

from the sun increases construction
cost by 15%
HDPE e Cost effective over o Inflexible. e Cost effective over large ¢ Wide range of
large areas . o areas chemical resistance
e Requires specialist
welding equipment e Industry standards for the e Joining by welding
. installation of HDPE .
e Requires well prepared liners have been released  ® Available gauges
surfaces by the International 0.4mm to >2mm
e Low resistance to Association of e Available widths <6m
: Geosynthetic Installers
vertical stress
(IAGI)
e Most common material
used
FPP o Flexible e Some problems with e Where long life in harsh e Good UV damage
fuel immersion conditions is required resistance
e Requires specialist e Especially suited to e Wide range of
welding equipment situations where soil chemical resistance
movement is expected
VLDPE & e Puncture resistance e Verysusceptibletosun e Short term application < ¢ Auvailable gauges 0.15
LLDPE has improved damage 2 years if not covered —0.5mm

Page|ll



Irrigation Production %&bb‘é\&s%&)%;

LEX-21080
Material Advantages Disadvantages Application Properties
e Resistant to e Long term application if e Auvailable widths 5.0
biological covered and installed -12m
deterioration and correctly >50years, .
chemical attack general expectation of 20 ® Joining by heat, tape
) t0 30 years or adhesive
e Resistant to root
penetration e Has been applied in
. Australia as woven
e Becomes brittle at - polyethylene at 0.2 mm
15°C rather than thickness generally
zero, allowing
installation in cold
season
GCL e High puncture Generally more e Bentonite is placed in o Installations is
resistance expensive between two complicated by the
. L . . geomembranes that are laying of multiple
* High friction Requires protection then stitched together to layers including 0.3m
capabilities with from exposure damage form a geotextile cover of ballast soil to
adjacent soils el confine expansion of
. .
e Reduce or replaces otrt)mngZeomeeianqr:r?:s Bentonitellayer
clay liner component o Geotextile layers are
of composite liners joined by overlap
Butyl & e Suitable for relining Requires protection e Special attention required e Available gauges 0.8
EPDM old concrete from mechanical to ensure adequate 3.0mm

channels

Good weathering
properties

Flexibility,
toughness and good
ageing properties

Resistance to most
chemicals and
abrasion

Can withstand
extreme temperature
changes

Resistant to sun
damage

damage and vandalism
if exposed

Relatively high cost

Can suffer from ozone
depletion and poor
shrinkage

Service life dependent
on careful & consistent
fabrication which is
difficult for large
projects

bonding and anchoring

Has been in service for
10 years both covered &
uncovered with
essentially no change

Can be reinforced with
nylon

Can be used to meet
specific service
requirements that are not
possible with less costly
membrane

Available widths 8.5 —
14 m

Joining by adhesive

2.2.4. In-Depth Comparison of Selected Liners

The irrigation industry now requires cost effective means to find greater efficiencies in water
usage and there is obvious potential for major savings to be made by eliminating seepage and
leaks from delivery canals. For this to occur, new materials will need to reach aspirational goals
of being:

Totally impervious in practice, not being prone to hidden installation damage;

Efficient in sealing to off-takes, sumps, headwall and control structures;

Strong enough to resist punctures and mechanical damage from animal habitation,
animal and vehicular traffic and bushfire;

Inhospitable to weed and pest infestation;

More durable if not permanent;

Easier and cheaper to install requiring minimal subgrade preparation;

Easier and cheaper to maintain, clean and remediate;

Be competitive in relation to initial investment cost outlays; and

Be more affordable from the perspective of total investment cost outlays required for
the life of the asset, demonstrating a clear Cost Benefit Advantage.
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Earthen and concrete liners by and large do not meet standards required from the perspective of
permeability and/or cost. Subsequently, the industry standard has been heavily dominated by the
use of HDPE liners for many years. However, new advances should generate a shift towards
the use of Composite materials. The products chosen for this comparison are based on what is
currently being used as well as new materials that are readily available in Australia backed by
technical support, trials and analysis that demonstrate an ability or claim to meet the aspirational
criteria identified above. Covered membranes are generally not ideal for channel linings since
they introduce other problems such as weed infestation, crustacean damage and cover erosion,
increasing maintenance requirements and are therefore not considered. Covered membranes are
generally more suited to deep water storages.

In the following comparison two relatively new composite materials have been selected that
demonstrate aspects that can be considered an advantage over HDPE (Table 5). ITM liner,
(Table 6) is a composite liner designed to compete as a direct alternative to HDPE. PMC liner,
(Table 7) is a relatively new Cementitious Composite Product. Cementitious products have the
potential to supersede HDPE and much research and development is currently being undertaken
with this technology in Australia and on an international scale.

Table 5. Flexible Membrane

1 Material: HDPE High Density Polyethylene

2 Type FLEXIBLE MEMBRANE

A common material used as a geomembrane and is similar to the
material used in black polyethylene pipes. It has a broad
chemical resistance and excellent UV resistance, but has a lack
of flexibility and can develop brittle stress cracking at low
stresses if not properly formulated.

Since HDPE is a very stiff material, it cannot be pre-fabricated
into panels. Instead it is delivered to the job-site in rolls, usually
up to six metres wide sometimes more and all the seaming is
done on-site. The HDPE liner is rolled out and laid across the
channel with overlapping pieces to enable weld joining. The
thicker product is more suited to exposed environmental
conditions such as channels being more resistant to UV and
animal damage

3 Components:

4 Dependant infrastructure requirements: Subgrade preparation is critical to prevent punctures by hard
surface objects such as rocks & clods. Special equipment
required to weld seams. Appropriate fencing required to prevent
damage from animal traffic.

5 Typical application: Channels and dams
6 History of use: At least 40 years. Well established as a channel liner

7 Water Use Efficiency Statistics: Down to 2% leakage rate best case scenario. Joins are the
weakest point for leakage. Sealing to headwalls and control
structures is a major point of weakness. Seals poorly to control
structures and headwalls allowing subgrade yabbie infestation
and subsequent employment of compromising ameliorating
techniques that leak

8 Limiting factors: Short life 10 to 20 years without protective surface materials &
subjected to UV exposure, has to be replaced once weakest part
such as the most exposed bank to sunlight becomes brittle and
fails. HDPE is imported from a number of countries and quality
is variable and dependant on the type of manufacturing
technique and quality of additives used. Expensive to repair,
requires specialised equipment and skilled labour. Can only be
installed in dry conditions. Fencing required, barrier coupled
with electric in kangaroo and goat areas. Susceptible to animal
damage particularly to kangaroo claw penetration. Channel
liner is slippery trapping animals causing blockages and is an
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Recent technological advancements:

Current Research:

Case study examples of performance:

Recommended application:

Establishment Procedures:

Operational procedures:

Brands and Manufactures:

Auvailability in Aust.:

Market Distribution:

Life Span:

Indicative price:

Case study establishment price:

Case study Operating Costs:

Repairs and maintenance requirements:

Case study maintenance and Repair
costs:

Part costs and availability:

Case study Energy use:

Ability to perform to specifications:

Identified problems or faults:

OH&S hazard requiring ladders to be installed along length.
Batter slope limited by adhesion properties. Leakages can cause
damage to subgrade requiring remediation. Susceptibility to
bushfire damage

The use of new UV stabilisers can prolong life expectancy but is
usually more expensive

UV stabilisers and incorporation as a composite material. Other
research has been undertaken at Trangie Research Station

Wimmera Mallee Water Donald Main Channel, Trangie
Research Station

Lining channel where 10-20yr life spans versus cost is
applicable. As a covered liner where long life spans are
desirable and higher establishment costs are acceptable

Channel remediation to specifications, i.e. smooth even surface
devoid of hard objects, dry conditions no wind. Roll out and lay
in channel with overlaps, clean areas to be joined and seal with
weld, test, anchor sides over batters with backfill method with
400mm cover, compact and backfill.

GSE, Solmax & others. Manufactured in many countries. 1.5 to
2.0mm thickness for UV exposed channels. Lower thickness to
0.4mm can be used where UV is excluded by coverings
including water and geophysical damage or vertical penetration
is excluded.

Widely available from specialised wholesalers

Manufactured overseas and imported into Australia from various
sources

10 to 20years uncovered, indefinite when adequately covered
and protected from vertical damage

Current $16.00 / m? installed

Added costs channel remediation costs up to $16.00/m? plus
fencing costs @$14.00 per channel metre (more cost effective
on larger channels)

Operating costs are very minimal where effective animal control
infrastructure is established

Puncture repairs, fencing repairs, removal of blockages caused
by animals, monitoring and remediation of soil anchors

Maintenance & repairs are very minimal where effective animal
control infrastructure is established

Repairers sometimes difficult to find for small jobs

Petroleum Oil based product, passive energy requirements when
established. Electric fencing where required well serviced by
solar solutions. Water transfers mainly rely on gravitation rather
than pumping.

Well established and documented

Leakage at joins and channel structures
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28 User Comments: Cost effective over large areas
29 Capacity for expansion: May be limited by cost of welding long joins where width is
required
30 Associated carbon emissions: Entirely Petroleum based product that has environmental

benefits by reducing energy usage associated increased pumping
transfers associated with wasted water resources

Table 6. Flexible Membrane/ Geotextile Composite

1 Material:

ITM Liner

2 Types:

3 Components:

4 Dependant infrastructure requirements:

5 Typical application:

6 History of use:

7 Water Use Efficiency Statistics:

8 Limiting factors:

9 Recent technological advancements:

10 Current Research:

11 Case study examples of performance:

FLEXIBLE MEMBRANE
COMPOSITE ACRYLIC MEMBRANE

Top layer consists of a woven polyester membrane saturated
with an acrylic paint

Middle Layer is a geomembrane of flexible Polypropylene

Bottom Layer is a non woven polyester geotextile

For earthen channels this product readily meets the strata
environmental conditions. For solid channel structures, apply
adhesion flashing to concrete on edges and drainage cells
underneath liner

Channels and dams

Melbourne & Barwon Water, in use up to 4 years with good
results

Hypothetically nil leakage given no leaks are present. Seals
extremely well to control structures and headwalls preventing
subgrade yabbie infestation and subsequent employment of
compromising ameliorating techniques that leak. Good adhesion
properties allow for steeper channel banks and deeper channels
than HDPE therefore lower evaporation.

Comparable product investment outlay to HDPE offset by
savings in installation costs. High resistance to damage from
animal traffic removes the cost associated with fencing
channels. Not as strong as PMC, similar to HDPE but animal
resistant particularly to kangaroos. Requires resurfacing acrylic
layer every12-18yrs to maintain life expectations

This product in itself is a recent technological advancement.
Improvements to spray on acrylic layer

Trangie, Melbourne Water, Trials.

Melbourne Water, resolved massive leakage issue in concrete
channel.

Earthen irrigation channels, Condamine Irrigation Scheme,
Toowoomba, QLD Bunded Containment Area, Transpacific
Bituminous

Products, Revesby NSW

Channel lining over porous terrain, Kogarah Golf Club
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12 Recommended application: Earthen and concrete Channels and dams

13 Establishment Procedures: Minimal. Shape and form channel. Can be damp, no
compaction of subgrade required. Prepare anchor trench and
bury. To join to concrete structures, clean and join with
flashing.

14 Operational procedures: Lay in trench, stretch & weld, spray on acrylic layer

15 Brands and Manufactures: Infrastructure Technologies Ltd

16 Availability in Aust.: Infrastructure Technologies Ltd

17 Market Distribution: Infrastructure Technologies Ltd

18 Life Span: With maintenance, up to 50yrs +

19 Indicative price: $16.00 m* installed

20 Case study establishment price: As a concrete liner worst case scenario, $35.00 m?

21 Case study Operating Costs: Resurface acrylic layer $16.00 m? for remediation of exposed
area.

22 Repairs and maintenance requirements: Cleaning and spraying of acrylic liner, repair mechanical
damage.

23 Case study maintenance and Repair na

costs:

24 Part costs and availability: Easy to use repair kits can be performed by unskilled labour in
situ without expensive machinery. Minimal

25 Case study Energy use: Excellent flow rates similar to pipe. Water transfers mainly rely
on gravitation rather than pumping.

26 Ability to perform to specifications: Meets and exceeds

27 Identified problems or faults: Periodic remediation required to maintain asset

28 User Comments: Easy to work with, has great conformability and durability

29 Capacity for expansion: Unlimited due to easy integration and joining techniques

30 Associated carbon emissions: Not highly dependant on petroleum products during
manufacture

Table 7. Flexible Cementitious Membrane/ Geotextile Composite

1 Material: PMC LINER. Polymer Modified Cementitious Composite

2 Types: FLEXIBLE CEMENT IMBEDDED MEMBRANE

3 Components: Polymer modified cementitious composite imbedded into a
woven geotextile consisting of fibreglass reinforced
polypropylene. Will not crack

4 Dependant infrastructure requirements: This product readily meets the strata environmental conditions

5 Typical application: Channels & Dams, erosion & flood mitigation & control
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11

12

13

14

15

16

17

18

19

20

21

22

23

24

History of use:

Water Use Efficiency Statistics:

Limiting factors:

Recent technological advancements:

Current Research:

Case study examples of performance:

Recommended application:

Establishment Procedures:

Operational procedures:
Brands and Manufactures:
Auvailability in Aust.:

Market Distribution:

Life Span:

Indicative price:

Case study establishment price:

Case study Operating Costs:

Repairs and maintenance requirements:

Case study maintenance and Repair
costs:

Part costs and availability:

New product recent use, Maroondah Aquaduct, Healesville,
Melbourne Water Authority. Trials to be conducted at Trangie
Ag Research Station

Hypothetically nil leakage given no leaks are present. Seals
extremely well to control structures and headwalls preventing
subgrade yabbie infestation and subsequent employment of
compromising ameliorating techniques that leak. Good adhesion
properties allow for steeper channel banks and deeper channels
than HDPE therefore lower evaporation.

Higher initial investment outlay offset by savings in installation
costs compared to HDPE. High resistance to damage from
animal and vehicular traffic removes the cost associated with
fencing channels

This product in itself is a recent technological advancement.
The recent development of incorporating stabilising polymers
into the cementitious layer is designed to minimise chalking i.e.
leaching of binding material from cementitious layer

Trangie Nevertire Irrigation Scheme at Trangie Research Station
in initial phase.

Development and Research is ongoing relating to EEC products
at University of Michigan, US of A and Japan in particular as
well as Asia and Europe in general.

Melbourne Water
All channel linings earthen and rigid (remediation)

Minimal. Shape and form channel. Can be damp, no
compaction of subgrade required. Prepare anchor trench and
bury. To join to concrete structures, clean and join with flashing,
lay geofabric and spray on cementitious layer

Lay in trench, stretch & weld. Spray on cementitious layer.
Infrastructure Technologies Ltd
Manufactured in Sydney NSW

Infrastructure Technologies Ltd. Other Cementitious Liners
have been manufactured and tested in the U.S and Japan

30years+ anticipated. Indefinite below waterline or when
maintained above

$18.75m? + $2.50 installation cost

$18.50m? + $4.50 initial installation cost $18.75m* + $2.50
installation cost Maroondah Aquaduct

N/A. Expected to be minimal

Remediation for exposed surfaces particularly in the event of
mechanical damage from eg fallen trees or branches. High
resistance to animal damage and blockages, particularly
kangaroos and other livestock reduces maintenance costs.

Not yet available but expected to be minimal

Easy to use repair kits can be performed by unskilled labour in
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situ without expensive machinery. Minimal

25 Case study Energy use: Reduced channel friction losses result in fast water flows.
Water transfers mainly rely on gravitation rather than pumping.

26 Ability to perform to specifications: Shown so far to exceed expectations and meet set standards

27 Identified problems or faults: Setting and curing of cementitious layer in cold damp
environment requires more time

28 User Comments: Whole of life channel solution. Solid asset
29 Capacity for expansion: Unlimited due to easy integration and joining techniques
30 Associated carbon emissions: Can use recycled material eg glass, aluminium silica to reduce

carbon emissions at manufacture stage

2.2.5. Channel Liners References and Acknowledgements
s 22(1)(a)i) , AAA Metal Suppliers. Unanderra. NSW. Tel s 22(1)(a)(ii)
s 22(1)(a)(ii) , Plastics Consultancy Networks. Australia. Tel s 22(1)(a)(ii)
Impervious ITM Liner, Product Data Sheet. Infrastructure Technologies (Australia) Pty Ltd
Impervious PMC Liner, Product Data Sheet. Infrastructure Technologies (Australia) Pty Ltd
ITM HDPE Net Present Value Model. 2009. Infrastructure Technologies (Australia) Pty Ltd
ITM Liner HDPE Product Comparison. 2008. Infrastructure Technologies (Australia) Pty Ltd

ITM Liner Product Specifications for Supply Installation & Testing. Infrastructure
Technologies (Australia) Pty Ltd

ITM Product Overview. Infrastructure Technologies (Australia) Pty Ltd
s 22(1)(a)(ii) 2004. Guidelines for Channel Seepage Remediation. ANCID & MDBC
s 22(1)(a)(ii)) 2009. Bendable Concrete Heals Itself — Just Add Water

s 22(1)(a)(i) , Infrastructure Technologies Ltd. Australia. Tel s 22(1)(a)(ii)

Irrigation Australia Website Links

Channel Seepage Remediation Techniques
http://www.irrigation.org.au/seepage/4 2_techniques.html

How much will it cost to do nothing or fix it, is it worth it?
http://irrigation.org.au/seepage/5 remediationCosts.html

How to identify and quantify channel seepage
http://irrigation.org.au/seepage/3_identMeasure.html

How to reduce channel seepage http://irrigation.org.au/seepage/4 _remediation.html

What is the preferred method for each site? In what order should works be undertaken?
http://irrigation.org.au/seepage/6_prioritisation.html

What is the regional risk or potential for seepage?
http://irrigation.org.au/seepage/2_seepageRisk.html
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General Website Links

AAA Metal Suppliers Geotextile Products.
http://www.aaametalsuppliers.com/products/geotextile.htm#geo 5

ECC Technology Network International. 2005. Network of ECC Researchers & Developers.
http://www.engineeredcomposites.com/html/introduction.html

Engineered Cementitious Composite. 2006
http://en.wikipedia.org/wiki/Engineered cementitious composite

Plastics Consultancy Networks. http://www.pcn.org/Scheirs.htm

Univ. Mich. Researchers make Bendable Concrete. 2005. University of Michigan.
http://www.umich.edu/news/?Releases/2005/May05/r050405

2.3.Pipes

2.3.1. Gravity Supply

Gravity supply is defined as a system where in flow and / or pressure are caused by the force of
gravity. Two types of gravity systems exist:

1. Pressurised gravity system, where the pipeline operates full; and
2. Non-pressurised gravity system, where the pipeline operates partially full.
(Source: Water Supply Code of Australia Version 2.3 Water Services Association of Australia).

Non-pressurised pipes have been utilised successfully in underground drainage systems for
many years. The development of new processes and cheaper production methods allows non-
pressurised pipe systems to become viable alternatives for pressure pipe and channel systems
where gravitational delivery and topography are suitable. Non-pressurised pipe delivery
systems are suited to low velocity loads and gravitational transfers particularly in situations
where channels are normally used.

Comparisons to open channel and pressure pipe systems:

o Virtually nil leak, seepage and evaporative losses, highly dependant upon quality of
installation work;

e Permanent solution in so far as anticipated lifetimes exceed 50 years or more with
reduced maintenance costs (not including control structures). Installation costs are
generally higher than Flexible Membrane lined channels. Demonstrably more
affordable from the perspective of total investment cost outlays required amortised over
the life of the asset, with a clear Cost Benefit Advantage;

o Efficient gravitational transfers mean pumping costs/energy consumption and
supporting infrastructure is very minimal if any;

e Can integrate readily into holistic systems where combinations of pressure pipe delivery
and open channel sections are also appropriate or required to maximise efficiency;

e Passive to the above ground environment and underground protection ameliorates water
contamination, mechanical and solar damage. Where above ground delivery systems
are an undesirable obstruction to agricultural and transport activities, underground
pipe is an advantage; and

o Where pressure pipe systems have been installed to reduce seepage, evaporation and
leakage and gravitational supply is a viable alternative from an engineering perspective,
the installation, running and maintenance costs of non pressurised pipe systems is far
cheaper.

Page|19



LEX-21080

Irrigation Production lfb%&cé‘?s%(f)ﬂ@%

2.3.2. Non-pressurised Pipe Product Comparisons

Non-pressurised pipe delivery systems of alternative pipes can be considered a emerging
technology insofar as they are established drainage products being adapted to irrigation
purposes. A number of suitable products are manufactured in Australia and suppliers are
researching, investing and promoting the irrigation potential to varying degrees. These products

are compared in the following tables.

Table 8. Plastream

1 Equipment:

Plastream

2 Types:

3 Components:

4 Dependant infrastructure requirements:

5 Typical application:

6 History of use:

7 Water Use Efficiency Statistics:

8 Limiting factors:

9 Recent technological advancements:

UNDERGROUND GRAVITATIONAL DELIVERY
PIPELINE- PIPES & FITTINGS DESIGNED TO COMBINE
THE PROPERTIES OF SMOOTH BORE PIPE WITH THE
STRUCTURAL STRENGTH OF STEEL

Pipes and fittings are manufactured with a smooth polyethylene
material on the inside reinforced with steel reinforced spiral
ribbing on the outside. The product is designed to combine the
properties of smooth bore pipe with the structural strength of
steel. Effective strength is a function of the flexibility of the pipe
and the resistance to the deflection of load by the surrounding
embedment. Diameter sizes are 225-2250mm. Fittings such as
bends, reducers, junctions and tees can be installed on-site to
provide sumps off-takes and vents. Pipe can easily be joined to
poured concrete headwalls, detention systems & control
structures

Gentle fall, firm foundation, trenching, embedment and backfill.
Bedding provides firm support for the pipe to maintain its
correct line and level. Suitable bedding materials include:

o Aggregate

Blue metal

Crushed rock

Coarse sand

Stabilised cement sand

Long term solution to refurbishment of inefficient channel
systems where seepage losses are prevalent and challenge
economic viability. Particularly suited to large distance transfers
where evaporation losses are also an issue. Passive to the above
ground environment where underground protection ameliorates
contamination, mechanical and solar damage. Where above
ground delivery systems are an undesirable obstruction to
agricultural and transport activities, underground pipe is an
advantage

Flexible pipes have been in use for drainage purposes for
decades, often under heavy load conditions. Product data
indicate that due to steel strengthening Plastream can be
expected to have higher long term stiffness compared to
polyethylene alone

With correct installation this technique can prevent losses due to
both seepage and evaporation with the added benefit of savings
from negligible or nil pumping costs

Initial cost outlays. Both flexible and rigid pipes require proper
placement and backfill technique. Unsuitable backfill material
include: Fine soil, heavy or sticky clay, ‘brickies sand. Grades
exceeding 15% require extra support with anchor blocks cast
around the pipe. Where changes in flow direction occur at high
velocity, thrust blocks may be needed. Pressure rating of joins
is an unknown quantity requiring specification to establish
parameters for purposes of supplying water to above ground for
gravitational delivery.

Improvements have been made to the materials used in
manufacture and the range of fittings extended to reflect demand
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Equipment:

Plastream

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Current Research:

Case study examples of performance:

Recommended application:

Establishment Procedures:

Operational procedures:

Brands and Manufactures:

Auvailability in Aust.:

Market Distribution:

Life Span:

Indicative price: GST Exclusive Large
Project wholesale supply including
delivery

Case study establishment price:

Case study Operating Costs:

Repairs and maintenance requirements:

Case study maintenance and Repair
costs:

Part costs and availability:

Case study Energy use:

Ability to perform to specifications:

As above

Not yet available. Case studies where used in the area of
drainage would by and large mirror uses in irrigation.

Long term remediation solution to existing channel systems
where gravitational delivery methods are currently used and
wastage from seepage and/or evaporation compromises
efficiency

Laying in the trench on the compacted embedment should start
at the downhill end of the tank with the spigot end facing
downhill. Pipe diameters greater than 900 mm are welded, for
smaller pipe rubber ring gaskets are used. Trenches are
backfilled and compacted around haunching (underside of pipe)
then backfilled and compacted to required depth

Water would be supplied to the head of the pipe by means of a
control structure and delivered by gravitation. Water is then
extracted along the length from flooded sump, off-takes or
supplied storages.

Caliber Plastream, manufactured by Rocla Australia

Can be supplied direct from Sydney factory or manufactured
from a site depot to reduce transport costs

Rocla product centres are established throughout Australia

50 years+ usually guaranteed, may well last 100 years or more
based on the known properties and use of polyethylene and steel

o 450mm diameter $72.64/m del. 6m lengths
© 900mm diameter $267.98/m del. 6m lengths
e 2250mm diameter $922.40/m del. 6m lengths

Not yet readily available, particularly as establishment price is
very site specific. Quotes are readily obtainable

None yet available but expected to be negligible particularly as
transfer is by gravitation rather than mechanical pumping
methods requiring energy inputs. Lift pumping from sumps and
storages can be factored in based on known case studies
applicable to system capacities required

System should require nil repair costs unless subject to
avoidable mechanical damage. Depending on design, methods
and conditions some systems may require de-silting in areas
such as off-take sumps, otherwise no other maintenance costs
are anticipated. Control structures if imbedded into the system
may in themselves require regular maintenance.

Well established drainage systems indicate maintenance and
repair costs are virtually nil unless avoidable mechanical
damage has occurred

Small quantity parts for repair are readily available. Costs are
higher based on volume price structures and transport costs.

Since established systems rely on gravitation energy studies
have not been relevant

Well tested and confirmed
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Equipment:

Plastream

27

28

29

Identified problems or faults:

User Comments:

Capacity for expansion:

Work needs to be undertaken to establish pressure ratings of
pipe and joins particularly as applied to head requirements
allowing gravitational feed above