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1. Executive Summary


This Land Capability Assessment (LCA) has been prepared for the sustainable irrigation of
recycled water at the proposed CORA development in Modewarre, Victoria. The CORA
development is a conversion of grazing land on the southern banks of Lake Modewarre into a
high level sporting complex. The proposed CORA development is to be equipped with both
outdoor and indoor sports facilities, such as playing fields for football, soccer and hockey, along
with cycling and swimming. There is also a series of staff, admin, restaurants and low density
housing proposed.



The CORA development is to span over what are currently multiple title boundaries. The site is
unsewered so a centralised wastewater management system is proposed such that recycled
water can be made available for irrigation of sports fields and lawns, but also with a designated
main irrigation field for sustainable long-term management of recycled water. At this stage the
proponents are seeking an EPA Works Approval. This LCA report forms a sub-component of the
EPA Works Approval application. This LCA aims to determine the suitability of the land for
recycled water irrigation and to provide guidance as to the quality of recycled water required to
ensure onsite irrigation is sustainable from an environmental and agricultural perspective.
 Sustainable recycled water irrigation on this property can be achieved with remedial measures
prior to implementation of irrigation with recycled water along with appropriate monitoring and
management. The irrigation operators will need to have experience or training in recycled water
irrigation management and possess appropriate farm operation skills to ensure effective use of
the recycled water. The operators will need to ensure cut and carry of fodder of around 5 tDM/ha
per year. This is considered achievable with recycled water irrigation in this climate on these soil
types. An appropriate soil and recycled water monitoring regime will assist the farm operator to
make farm management changes in a timely manner as required.
 The volume of recycled water generated by the wastewater treatment plant (WWTP) is estimated
at 60 ML/year.
 The salinity of the recycled water produced from the WWTP is at this stage unknown, however
based on our experience with recycled water from other townships in South West Victoria, the
recycled water is expected to have an Electrical Conductivity (EC) of ~880 µS/cm or Total
Dissolved Solids (TDS) of 580 mg/L.
 To adequately meet both plant evaporation and salt leaching requirements, the moderately

saline recycled water will need to be applied at an average of 4.2 ML/ha/year. A total of 14 ha is
therefore estimated to be required to sustainably manage the anticipated 60 ML of recycled
water expected to be generated each year.
 The CORA property is comprised of multiple titles with a total area of 194 ha. A substantial

proportion of the property is subject to inundation which makes these areas unsuitable for
irrigation with recycled water. There is however adequate area available to accommodate the 14
ha required for sustainable irrigation with recycled water.
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 The recycled water from the WWTP is expected to contain an appreciable concentration of salt.
At the anticipated mean hydraulic loading rate of 4.2 ML/ha, a mass salt load of 2.4 t/ha/year is
expected.
 The anticipated SAR of the recycled water is ~5 such that irrigation with this water has only a
slight risk of soil permeability loss. Measurement of soil sodicity will need to be included within
the soil monitoring program and the SAR of the recycled water established. Soil monitoring will
detect any detrimental changes in soil sodicity so that any remedial measures can be
implemented in a timely manner such as deep ripping and the application of gypsum.
 The soils have been assessed as being highly deficient in phosphorus. The recycled water contains
only minor quantities of phosphorus, such that fertiliser containing phosphorus is recommended
in the first instance, to promote pasture establishment and for ongoing persistence. While a cut
and carry fodder removal program is expected to be required in future to achieve the desired
rates of nutrient removal, it is recommended that the implementation of fodder cut and carry be
delayed until such time as soil phosphorus levels are built up to a suitable level to sustain
productive pastures.
 It is estimated that pasture yields of 5 tDM/ha are required as part of a cut and carry fodder
operation to achieve nutrient balance and considered easily achievable with adequate farm and
recycled water irrigation management. A list of analytes to be included in the on-going
monitoring program for soil and recycled water have been included in Appendix 3 and 4, along
with a suggested soil sampling procedure.
 Irrigation volumes with each application should also be monitored such that the total hydraulic
loading per hectare can be calculated, and the mass loading of salt and nutrients can be calculated
annually.
 Based upon the anticipated concentration of potassium in the recycled water, it is unlikely that
potassium fertiliser need be applied to land within the proposed irrigation areas to meet plant
nutrient requirements. The recycled water contains only minor amount of nitrogen so fertiliser
containing nitrogen need to be applied to stimulate additional pasture growth such that adequate
levels of phosphorus and potassium can be exported off the property.
 The recommended monitoring program for recycled water and soil is seen as a necessary
component of sustainable irrigation on this property. Recycled water irrigation and farm
management practices should be responsive to outcomes in monitoring of these components to
ensure success of this proposed recycled water irrigation scheme.
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2. Introduction
Ag-Challenge Consulting has been instructed by Rohan Ash of Out Task Environmental (OTE), to
complete a Land Capability Assessment (LCA) for the proposed Cape Otway Road Australia (CORA)
development in Modewarre, Victoria. The CORA development is to be comprised of a rural
conservation precinct, elite sports precinct, retail precinct, leisure precinct and rural living precinct.
Land not used as part of these precincts will either be retained for conservation purposes, maintained
as pastures for grazing or else developed for a more intensive agricultural or horticultural enterprise.
As there is no town sewer available, the CORA development will be serviced by a wastewater
treatment plant (WWTP) and recycled water used for irrigation onsite. The CORA development is to
be constructed over multiple property titles, most of which are currently used for the grazing of stock.
It is understood that the developers of CORA are still in the process of purchasing additional land, but
at this stage have secured the following properties:
- 1340 Cape Otway Road Modewarre Lot 2 TP2585
= 44 ha
- 1280 Cape Otway Road Modewarre Lot 2 PS544009
= 37 ha
- 1300 Cape Otway Road Modewarre Lot 1 PS544009
= 65 ha
- 1130 Cape Otway Road Modewarre Lot 1 TP133932
= 34 ha
- 1150 Cape Otway Road Modewarre Lot 1 TP948243
= 1.6 ha
- 10 Connies Lane Modewarre Lot 1 TP21820
= 12 ha
Total = 194 ha
At this stage the proponents are seeking an EPA Works Approval. This LCA report forms a sub
component of the EPA Works Approval application and will include:
- Fieldwork, including soil survey, soil profile assessment, observation of environmental site
constraints and collection of soil samples for laboratory analysis of parameters relevant to
sustainable irrigation with recycled water
- Measure soil hydraulic conductivity onsite via the Talsma-Hallam constant head method
- Desktop assessment of climatic data for the development of a water balance
- Calculation of nutrient and salt loadings and the selection of a suitable agricultural enterprise
and farming operations that will achieve the required levels of nutrient export
- An irrigation management plan for sustainable irrigation with recycled water, including required
salt leaching fraction
- Recommendations pertaining to a suitably detailed soil and recycled water monitoring program
such that remedial measures can be implemented in a timely manner.
This assessment aims to determine whether the proposal to treat and apply recycled water to land
onsite from the proposed WWTP servicing the CORA village is sustainable from an environmental and
agricultural perspective given the soil chemical and physical analytical results and the anticipated
recycled water chemical characteristics from a township in Western Victoria.
The sustainable application to land of recycled water is mostly dependent upon the inherent soil
properties and specific recycled water characteristics which impact on the soils ability to cope with
the recycled water being applied. How the soil and recycled water interact is however also very much
dependent upon ongoing management and with this in mind, this LCA will:
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Describe the soils in terms of their existing chemical status and interpret their suitability for
recycled water application and how this impacts on the development of irrigated
crops/pasture on the property
Document the general details of the proposed site from an agricultural perspective
Assess water quantity, quality and nutrient balances for sustainable irrigation, agronomic
capability and environmental compliance
Describe and define on-going monitoring procedures to ensure sustainable recycled water
irrigation management. This will include soil and recycled water sampling frequency, irrigation
scheduling, soil sampling depths and analytes required for on-going soils monitoring of the
property.

An aerial photo of the proposed CORA village has been included in Figure 1. An aerial photo of the
CORA properties taken in 2007 has been included in Figure 2.
This report will describe the onsite soil conditions and the proposed irrigation of recycled water
utilising the recycled water volumes supplied from the onsite WWTP. This assessment will use the
information from other studies as part of the Works Approval process together with Ag-Challenge
Consulting data on climate, soils, agriculture and prior knowledge of sustainable recycled water
irrigation practices to plan the future use, development and on-going monitoring and management of
the property.
The onsite inspection of the property was undertaken by Glenn Marriott and Cameron de Kok of AgChallenge Consulting on 5 June 2018. Glenn is a Certified Professional Soil Scientist (CPSS) level 2 and
specialises in the field of soil and sustainable irrigation of recycled water.

3. CORA Irrigation with Recycled Water Proposal Summary
The proposed irrigation system at CORA is to consist of the following key parameters:
Total volume of recycled water generated from all CORA sources = ~60 ML/yr (on average)
The proposed irrigation area = ~ 14 ha
Electrical Conductivity (EC) of recycled water expected to be ~885 µS/cm (TDS 580 mg/L)1
Sodium Absorption Ratio (SAR) = ~5
Phosphorus concentration = ~3 mg/L
Nitrogen concentration = ~4 mg/L
This concentration of salt and nutrient is considered sustainable for irrigation on these soils. It is
recommended that the CORA recycled water achieve the following targets:
Electrical Conductivity (EC) of <2000 µS/cm equivalent to Total Dissolved Solids (TDS) of 1280 mg/L
Phosphorus concentration = <17 mg/L
Nitrogen concentration = <60 mg/L
Anticipated hydraulic loading rate = 4.2 ML/ha per year or 420 mm
Anticipated total salt load = 2.4 t/ha @ 4.2 ML/ha/yr

1

Median of five towns wastewater quality in the Western District between 2013 and 2017 (Camperdown,
Cobden, Mortlake, Terang and Timboon)
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Figure 1. Proposed CORA Village development overlaid upon an aerial photo.
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Figure 2. Aerial photo of the CORA properties taken in 2007.
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4. Climate and Water Balance
Average climate data for the CORA property is shown in Table 1. The data in Table 1 shows that this is
a relatively dry climate with a mean annual rainfall of 605 mm and a mean annual evaporation of 1351
mm. Based on the EPA Victoria guidelines for pasture there is an annual plant evapotranspiration
deficit of 413 mm or 4.13 ML/ha in an average season. The data in Table 1 show an average of 147
mm of excess winter rainfall, which presents a leaching fraction of 17%. This will contribute towards
the required leaching fraction for the annual removal of salts applied in the recycled water. However
given the anticipated salinity of the recycled water, the application of an additional 3% above plant
evaporation requirements, brings the anticipated hydraulic load to 4.2 ML/ha. See Section 6 for more
detail pertaining to the required hydraulic loading rates to achieve the desired leaching fraction for
salt removal.
Table 1. Water balance for Modewarre2 (mm).
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Total

42

34

33

45

54

54

57

63

63

63

53

39

605

202

171

140

90

59

42

47

65

87

121

147

183

1351

Crop Factor

0.7

0.7

0.7

0.6

0.5

0.45

0.4

0.45

0.55

0.65

0.7

0.7

Evapotranspiration

141

120

98

54

29

19

19

29

48

79

103

128

866

100

85

64

9

16

50

89

413
147

Mean
Rainfall
Mean
Evaporation

Water Deficit
Water Excess

24

35

38

34

16

5. Soil type
Based on the geological map in Figure 3, the soils on the property are derived from three different
geological formations, Quaternary alluvium, Quaternary basalt and Neogene sedimentary (marine).
While there is considerable variation in soil type within each of the geological areas mapper in Figure
3, for the most part the soils observed in the field conform to that predicted by the geological map.
Field investigations have focussed upon the soils derived from basalt and Neogene sediments, as the
Quaternary alluvium areas are mostly too low lying or subject to regular inundation and thus rendering
them unsuitable for sustainable irrigation with recycled water.
Extrapolation of desktop soil investigations from Victorian Resources Online3 suggest there are two
soil types on the subject property, they being; grey calcareous sodic clay soils with uniform texture
and mottled yellow and red sodic duplex soils.
The grey calcareous sodic clay soils occur in the western end of the property in the areas derived from
volcanic basalt flows (Qn in Figure 3), whereas the mottled yellow and red sodic duplex soils
predominate on the eastern side (Nbm in Figure 3).

2

Mean Rainfall at Stanhope (Met No. 081046) and mean Evaporation at Kyabram (Met No. 080091)
Victorian Resources Online - Accessed July 2018
http://vro.agriculture.vic.gov.au/dpi/vro/coranregn.nsf/pages/corangamite_landsystems_otway_legend
3
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Figure 3. Geological map overlaid upon an aerial photo.

Qn

Qn

Qa1

Nbm

The uniform grey calcareous soils typically have high water tables and low permeability which leads
them to have a tendency to be waterlogged, compacted and salt affected. As a result of these
undesirable soil characteristics, field investigation were more concentrated upon the duplex mottled
yellow and red soils on the eastern side of the property, which are inherently better suited to recycled
water irrigation.
These observations within the reference material concur with the findings of the Ag-Challenge
Consulting on site soil investigations. Soil profile descriptions from across the property are provided
in Appendix 1.

6. Recycled Water Quality
The use of recycled water for sustainable irrigation is dependent upon the inherent soil properties,
the quality of recycled water available for irrigation and the way it is managed. The anticipated
recycled water quality from the proposed recycled water treatment facility at CORA has been
estimated from Ag-Challenge Consulting data from five township recycled water treatment plants in
the Western District over a period of four years. The recycled water from these towns is predominantly
sourced from residential dwellings as will be the case at CORA. The recycled water quality data from
these towns should therefore provide a reasonable estimate of the recycled water to be produced at
CORA. The median recycled water data from the five towns along with the anticipated loading at 4.2
ML/ha are included in Table 2.
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Table 2. Anticipated recycled water quality4.
Parameter
pH
Electrical Conductivity
Total Dissolved Solids
Total Phosphorus
Total Nitrogen
Chloride
Sodium
Magnesium
Calcium
Potassium
Sodium Adsorption Ratio

Units
µS/cm
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Anticipated Recycled
Water Concentration

Anticipated Mass Loading
at 4.2 ML/ha (kg/ha)

8.9
885
580
3.1

2440
13

3.9
140
122
16
26
17

16
588
512
67
109
71

5

Based on the data in Table 2:
- The anticipated salinity of the recycled water with a Total Dissolved Solids (TDS) of 580 mg/L
or Electrical Conductivity (EC) of 885 µS/cm would be classified as Class 3 according to EPA
Victoria document 168. With the anticipated mean hydraulic loading rate of 4.2 ML/ha, the
anticipated total salt load applied in the recycled water would be expected to be 2.4 t/ha. This
is an appreciable quantity of salt which must be mobilised through the soil profile to avoid
accumulation. However with an anticipated leaching winter rainfall is 17% relative to
evapotranspiration, and based on previous experience, a salt load of this magnitude is
considered sustainable with appropriate recycled water management on suitable soils. With
an EC of 885 µS/cm, a leaching fraction of only 3% greater than plant evapotranspiration needs
is required to ensure the salt leaching requirements are met. The operators of the irrigation
at CORA will need to be suitably trained or experienced in the management of recycled water.
The recycled water irrigation will need to be suitably managed to ensure adequate volumes
of recycled water are applied to meet plant water and salt leaching requirements.
-

Sustainable irrigation with the anticipated recycled water will also need to be accompanied
by a suitably detailed soil monitoring regime, so that changes to recycled water management
can be implemented in a timely manner. Annual monitoring of soils irrigated with this recycled
water is recommended to ensure salts applied in the recycled water are being leached through
the soil without accumulation in the soil profile. Monthly monitoring of the recycled water
electrical conductivity during the irrigation period will also provide data on the total salt load
applied in the recycled water each year and can be used to adjust irrigation application rates
to achieve desired leaching fractions.

-

There is only a slight risk5 of soil structure loss with irrigation of this recycled water given the
anticipated sodium absorption ratio (SAR) value of 5 in combination with the Electrical
Conductivity value of 885 µS/cm. Where SAR values are high relative to EC, there is a risk that
irrigation will result in soil structure loss and a decline in soil permeability. It is essential that

4

Median of five towns wastewater quality in the Western District between 2013 and 2017 (Camperdown,
Cobden, Mortlake, Terang and Timboon)
5
EPA Victoria (1991) Guidelines for Recycled water Irrigation – see Figure 3 Page 29 EPA Victoria doc No. 168
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soils irrigated with recycled water remain sufficiently permeable to allow salt applied in the
recycled water to leach through the soil profile. Annual monitoring of soil Exchangeable
Sodium Percentage (ESP) in the A1, B1 and B2 soil horizons will provide an indication of
whether sodium is being retained in the soil and whether remedial measures such as gypsum
need be applied. Monthly monitoring of the SAR in the recycled water during the irrigation
period will also provide an indication of the risk of soil permeability loss with irrigation of the
recycled water.
-

The pH of the recycled water is expected to be around 9.0 which is quite alkaline. This
anticipated pH of the recycled water is above the acceptable range of 5.5 to 8.0 according to
EPA document 168 – page 38. The application of recycled water with this pH is expected to
increase surface soil pH. How much the soil pH increases will depend on the inherent pH
buffering capacity of the soil. Annual monitoring of soils irrigated with this recycled water is
recommended to ensure trends in soil pH can be determined and corrected in a timely manner
if required.

-

The recycled water is expected to contain low levels of nitrogen and phosphorus, at 4 and 3
mg/L respectively. While beneficial to plant growth, both of these nutrients can have negative
effects on surface and groundwater if applied in excess and allowed to mobilise off-site. These
are relatively low concentrations of nutrients. At the proposed hydraulic loading rate of 4.2
ML/ha this will apply; 16 kg/ha of nitrogen and 13 kg/ha of phosphorus. These are both well
below the expected uptake range of nitrogen and phosphorus by rye-grass pasture according
to EPA Victoria6. This is a minor and relatively insignificant contribution towards plant nitrogen
requirements, but will afford a slight reduction in phosphate fertiliser use. The application of
phosphorus in the recycled water at 13 kg/ha is the equivalent of 148 kg/ha of single super.
This is discussed in more detail in Section 7.3.2.

-

The recycled water should contain a significant amount of potassium, which is another
essential plant nutrient. While potassium does not present a direct risk to the environment
from off-site discharge it is a single valency cation and as such when applied in excess has the
potential to cause soil permeability loss. High levels of potassium within the soil may lead to
health issues such as anima, or calcium deficiencies leading to milk fever and magnesium
deficiencies leading to grass tetany. At a hydraulic loading rate of 4.2 ML/ha, the recycled
water is expected to apply 71 kg/ha of potassium. This is the equivalent of 142 kg/ha of
muriate of potash fertiliser. Soil monitoring activity should include analysis of Colwell
potassium and potassium should also be included in the analysis of the recycled water during
the irrigation season. Ongoing soil monitoring will determine if cut and carry of hay or silage
from the property is required for adequate removal of this nutrient.

Overall the recycled water is of good quality for irrigation to land and there are plenty of examples
across the western District of Victoria were water of similar quality has been sustainably applied to
land for some time. Provided the recycled water is applied to suitable soils types within the CORA
property and applied at suitable rates to meet plant evaporation and salt leaching requirements.
6

EPA Victoria (1991) Guidelines for Wastewater Irrigation – Table 6 - Page 35: Rye-grass 200 to 280 kg/ha for
nitrogen and 60-80 kg/ha for phosphorus.
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Overview of Recycled Water and the Proposal
The CORA recycled water treatment facility is expected to generate around 60 ML per annum of low
salinity recycled water. The salinity of the recycled water is low such that it can be applied directly to
land without the need for shandying. Based on the water balance, and the salinity of the recycled
water a hydraulic loading rate of ~4.2 ML/ha is required to meet plant evaporation and salt leaching
requirements. The SAR of the recycled water is low such that it unlikely to have a negative impact on
soil structure. Despite the relative high quality of the recycled water to be used it is recommended
that soils be monitored on an annual basis. Annual monitoring will ensure measures to control soil
sodicity can be implemented in a timely manner, so that soil sodicity does not negatively impact on
soil permeability. The recycled water is expected to contain low quantities of nutrient in the form of
phosphorus and nitrogen, but appreciable levels of potassium. While both N and P are essential plant
nutrients, each has the potential for negative environmental impact on surface and groundwater
should they be allowed to discharge off-site. Based upon the anticipated quantity of N, P, K nutrient
to be applied in the recycled water a reduced level of inorganic phosphorus and potassium will need
to be imported or applied to land within the proposed irrigation area to meet plant nutrient
requirements. A cut and carry fodder operation may need to be implemented to ensure adequate
removal of these nutrients off-site, extra applications of nitrogen may be required to ensure sufficient
fodder removal. A list of parameters to be included in the on-going monitoring program for soil and
recycled water have been included in Appendix 3 and 4. Irrigation volumes of each recycled water
application should also be monitored such that the total hydraulic loading per hectare can be
calculated, and the mass loading of salt and nutrients can be calculated annually. It is recommended
that the recycled water quality not exceed the following targets:
EC : 2000 µS/cm

Nitrogen: 60 mg/L

Phosphorus: 17 mg/L

7. Land and Soil Properties and How They Relate to the Proposed Recycled
Water Irrigation System
7.1 Land and soil
The soils available for irrigation with recycled water on this property (ie those areas not subject to
inundation) consist mostly of mottled yellow and red sodic duplex soils. There are also grey calcareous
sodic clay soils with uniform texture, but these only occur in an isolated pocket in the western end of
the property. These are heavy clay soils with shrink swell properties and have low permeability when
wet which means that they are subject to waterlogging and thus are not inherently well suited to
sustainable recycled water irrigation. Due to the unsuitability of the heavy clay soils, most of the soil
investigations focused upon the mottled yellow and red sodic duplex soils on the eastern side of the
property.
The mottled yellow and red sodic duplex soils are highly variable. These soils are well differentiated
with consistently well-defined A1, A2 and B1 soil horizons. There is however considerable variation in
the depth of the A1 and A2 soil horizons over the B1 clay subsoil. The B1 soil horizon may commence
anywhere from 10 to 90 cm from the surface, with large changes over very short distances. For the
most part however the A1 is typically 0 to 10 cm and the A2 from 10 to 25 cm below the surface.
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Page 13 of 38

The A1 soil horizon has weak to moderately structured brown to very dark brown fine or course sandy
loam texture. The depth of the A1 horizon is relatively shallow and variable, from 10 to 15 cm before
a clear transition to the weakly structured pale brown (bleached) A2 soil horizon. The bleached soil
colour is indicative of a soil type that is not well drained, in that vertical movement of soil water is
restricted by the low permeability of the underlying medium to heavy clay B1 horizon. The quality of
the soils for agricultural production is highly dependent upon the depth of the A soil horizon and the
permeability of the B clay subsoil. Due to the imperfectly drained medium clay B horizon, these soils
would be expected to be poorly drained and are likely to be intermittently saturated above the B1 soil
horizon during the year in wet conditions. Intermittently saturated or waterlogged soils are common
throughout Victoria and this does not preclude the property as being suitable for recycled water
irrigation. It does however mean that recycled water application rates need to be relatively low to
prevent saturated soil conditions from occurring, or else recycled water be only applied during times
of significant soil water deficit. Due to the potential risk posed by the anticipated low permeability of
the B1 soil horizon, subsoil permeability was measured on site via the Talsma-Hallam method. The
results of these investigations are discussed in Section 7.2.
Figure 4. Aerial photo of the property with areas subject to inundation highlighted.

Irrigation with recycled water is not recommended in the areas of the property subject to inundation
(Figure 4). In the areas where is irrigation with recycled water is proposed, irrigation will need to occur
at a suitable rate, allowing for infiltration and drainage capability and weather forecasts including
rainfall events are taken into consideration in the irrigation schedule. This approach to irrigation
scheduling is recommended to reduce the risk of substantial rainfall events occurring after irrigation.

7.2 Subsoil permeability
The most fundamental requirement of any recycled water irrigation scheme is that of drainage. As
such it is necessary to establish that the most limiting soil horizon (in this instance the clay B1 soil

LCA - CORA (August 2018).docx

Page 14 of 38

horizon) has adequate permeability to allow the additional water applied as irrigation to drain through
to the underlying soil and eventually to groundwater.
Soil permeability (Ksat) was measured with the Talsma-Hallam method as described in the AS/NZS
1547:2012 for on-site domestic wastewater management. The soil permeability (Ksat value) has been
measured in-situ at 0.07 m/day, from the three successful measurements. Soils were very moist to
saturated on the day of the site visit and this is the reason why only a limited number of successful
measurements were able to be undertaken. The measured permeability is however considered
indicative of the soil type based on textural assessment. This soil would be categorised as either a 5b
or 6a soil according to AS/NZS1547:20127. For an on-site wastewater system with primary treatment
and absorption trenches, a Design Loading Rate of 5 L/m2/day would be considered appropriate.
Table 3. Soil permeability (Ksat in m/day) of the eight holes measured at Site 1.
Hole No.

1

2

3

4

5

6

7

8

Geometric
Mean Ksat

Site 1

2.48

Fail

Fail

Fail

Fail

0.007

0.02

Fail

0.07

As the B1 soil horizon has been assessed as having a permeability of 0.07 m/day, this means that no
more than 70 mm (0.07 m x conversion of 1000) of water can be applied in a single day without some
accumulation in the A soil horizon. It does not mean that more than 70 mm/day cannot be applied. It
just means that should more than 70 mm be applied in any one day then the soil water storage
capacity of the A horizon would begin to fill at a greater rate than is moving through the B soil horizon.
Assuming a porosity of 30 % and an average depth of the combined A1 and A2 soil horizons of 300
mm, then the A soil horizons have a soil water storage capacity of 100 mm before the both the A1 and
A2 soil horizons become fully saturated.
Based upon a subsoil permeability of 0.07 m/day or 70 mm/day, the proposed mean hydraulic loading
rate of ~4.2 ML/ha or 0.42 m/year can be applied at 2 mm day for 212 days when evaporation exceeds
rainfall without any water accumulation in the A2 soil horizon above the limiting clay B1 soil horizon.
While the subsoils on this property have moderately low permeability, the proposed recycled water
application rate is sufficiently low that the low subsoil permeability does not present a significant
constraint. The installation of sufficient winter storage capacity will ensure that the soils are only
irrigated during times of plant water deficit.

7.3 Nutrient Loading
The rate at which the recycled water can be sustainably applied is very much dependant not only upon
the recycled water quality but on the soils ability to bind nutrients and the plants ability to uptake
those nutrients.
Appropriate nitrogen and phosphorus application rates are required to ensure these nutrients are
assimilated in the crop/pasture and the soils, and do not accumulate to such an extent that they pose
a risk to the environment. Both of these nutrients can cause significant harm to waterways and
7

Australian Standards (2012) Onsite wastewater management ANZ1547:2012
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groundwater, and are the key drivers for toxic algal blooms. In potable water, nitrate can cause severe
health problems.
7.3.1 Nitrogen
To determine an appropriate nitrogen application rate, the rate at which nitrogen is applied must be
balanced with crop requirements, or more specifically, crop removal rates. The limiting application
rate is determined by matching the amount of nitrogen in the recycled water, against the ability of
the crop/pasture to utilize the nitrogen. The data in Table 4 are based upon the anticipated range of
indicative nitrogen uptake rates for rye-grass based pasture. Table 4 shows that at the required
hydraulic loading rate of 4.2 ML/ha/year, the nitrogen concentration of the recycled water should not
be allowed to exceed 60 mg/L based on the amount of nitrogen expected to be removed in pasture
as hay. These rates of nitrogen removal in Table 4 assume the fodder crops are cut and carried from
the property, not fed out to stock onsite.
Table 4. Nitrogen balance for pasture hay based on EPA Victoria data8.
Nutrient

Crop

Nitrogen
uptake range
(kg/ha/year)

Maximum target
Nitrogen applied at
4.2 ML/ha

Maximum allowable nitrogen
concentration in recycled
water

Nitrogen

Pasture

200-280 kg

250 kg/ha

60 mg/L

These soils are well suited to the growth of pasture, so achieving these rates of nitrogen removal are
not expected to present an issue provided the pastures are well managed. However, Table 5 has been
included to explore nitrogen removal rates in more detail and how they would be expected to vary
with pasture yield. How these expected fluctuations in yield impact on nitrogen removal rates are
explored in Table 5.
Table 5. The impact of pasture yield on nitrogen removal rate.
Amount of nitrogen in crop at varying yields (kg/ha)
Crop
Pasture

N% DM
2.62%

at 5 t/ha
131

at 7.5 t/ha
197

at 10 t/ha
262

From Table 5 alone, pasture yields of 10 tDM/ha per year are required to ensure adequate uptake and
removal of the 250 kg/ha of nitrogen applied in the recycled water at a hydraulic loading rate of 4.2
ML/ha. With irrigation, pasture yields of 10-12 tDM/ha are considered achievable with good
management. In reality nitrogen concentration are expected to be closer to 4 mg/L and as such the
application of fertiliser containing nitrogen may be required as there will be insufficient amount of
nitrogen in the recycled water to sustain a vigorous pasture sward. The effective contribution of
nitrogen from recycled water would be negligible at 4 mg/L or 17 kg N/ha/year (37 kg/ha of urea).
Therefore based on these data, combined with the anticipated recycled water nitrogen concentration
of only 4 mg/L, the required nitrogen removal rates in pasture or crop harvest will be easily achieved.
There is considered to be a very low risk of nitrogen being mobilised beyond the plant root zone or
nitrate being mobilised to groundwater provided the concentration of the recycled water remains less
than 60 mg/L.
8

EPA Victoria (1991) Guidelines for Wastewater Irrigation – Table 6 - Page 35
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The data in Table 4 and Table 5 we have assumed that all of the nitrogen in the irrigation water is
readily plant available. In reality some nitrogen will be in the organic form and could take
approximately 1 year before it is converted into nitrate and made available for plant uptake. It is
recommended that a conservative approach be taken in the design phase with regard to nutrient
loading. The actual recycled water quality data is at this stage an estimate based on reference data
and knowledge of other township recycled water treatment facilities in South Western Victoria. Only
once the recycled water system is operational will the actual recycled water nitrogen concentration
be known and this may vary from that used in these calculations.
When assessing nitrogen application rates it is worth considering how they compare with typical
agricultural practice. Nitrogen is commonly applied to pasture and crops as a fertiliser to improve
pasture and crop growth rates and overall yields. In dairying it is common place for nitrogen to be
applied in the form of urea at rates of 75-100 kg/ha (35-46 kg/ha of N), every 30 days throughout the
growing season. Rapidly growing rye-grass is expected to utilise between 1 and 1.5 kg/ha of nitrogen
per day. Based on mean Modewarre climate data (Table 1) the growing season is likely to extend from
May to November and as such it is not unrealistic to expect 7 applications of nitrogen as urea to
actively growing pastures during this time. Seven applications of urea at 75 kg/ha, equates to 525
kg/ha, or 242 kg/ha of nitrogen. Within the dairying areas around Colac similar rates of nitrogen use
would be expected. It can therefore be said that the anticipated rate of nitrogen application at the
CORA are below that being applied on intensive dairy farm operations as normal agricultural practice
in South West Victoria.
To ensure the amount of nitrogen being removed in hay or silage cut and carried from the site, is
proportional to that being applied in the recycled water, there are a number of monitoring procedures
which should be implemented to ensure this is the case, or else if changes need to be implemented:
-

The recycled water in the storage lagoon should be sampled and monitored for total nitrogen
at the point of pumping on a monthly basis throughout the irrigation period. (The complete
list of recommended parameters are shown in Appendix 3).

-

The pasture hay or silage should be tested for nitrogen and phosphorus as it is being removed
from the site, such that complete nutrient budgets can be accurately undertaken.

-

A soil monitoring program should be implemented. This will involve the use of the three
defined soil sampling transects within the recycled water irrigation area for annual soil
monitoring. The soil monitoring transects established as part of this investigation should be
used as baseline or reference data against which all future monitoring can be compared. An
appropriate soil monitoring procedure and list of soil analytes to be included within the annual
soil monitoring program have been included in Appendix 3. Soil monitoring depths shall be
selected to represent the A1, A2 and B1 soil horizons and would expected to be located at
approximate depths of 0-10, 20-30 and 40-50 cm respectively. Analysing the soil for total
nitrogen, total carbon and soil nitrate, at these depths will provide a good indication whether
nitrogen is being applied in excess of plant nutrient requirements and whether nitrogen or
nitrate is at risk of moving beyond the surface soil, into the subsoil and potentially leaching to
groundwater.
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-

Groundwater monitoring would ultimately provide data as to whether nitrate has leached to
the groundwater, but as nitrate is not known to be readily broken down in the groundwater,
groundwater monitoring does not offer an effective ongoing preventative management
strategy in preventing nitrate leaching the same way the soil monitoring will.

The proposed rates of nitrogen application in the recycled water are likely to be well below the rates
of nitrogen removal in pasture to be cut and carried from the irrigation areas of the property. It is
likely the nitrogen contribution from the recycled water, will be insufficient to achieve desirable
pasture rates and to maintain a vigorous pasture sward. Additional organic or inorganic nitrogen
fertiliser may need to be applied to achieve adequate phosphorus removal requirements. Ongoing soil
and crop monitoring would be required to ensure adequate rates of nitrogen removal or else if
management procedures require adjustment.
7.3.2 Phosphorus
To determine the appropriate phosphorus application rate requires a different approach to that of
nitrogen. Pastures only require a small proportion of the phosphorus applied in fertiliser to fully satisfy
their phosphorus needs. Excessive levels of phosphorus are supplied as part of normal agricultural
practice because soils will fix most of the free phosphate ions present in applied fertiliser onto the
surface of colloidal clays as insoluble and unavailable phosphate. This fixation of phosphate is a widely
recognised feature of Australian soils, and these soils have been assessed as having considerable
phosphate fixing capability (See Section 8.2).
Table 6 contains the anticipated range of phosphorus uptake rates for pasture according to EPA
document 1689. From Table 6, at an application rate of 4.2 ML/ha/year, 17 mg/L is the maximum
allowable phosphorus concentration in the recycled water before plant phosphorus usage rates are
exceeded. Note these rates of phosphorus removal in Table 6 assume that fodder is cut and carried
from the property, not fed out to stock on the property.
Table 6. Phosphorus balance for pasture hay based on EPA Victoria data10.
Nutrient

Crop

Phosphorus

Rye-grass

Phosphorus
uptake range
(kg/ha/year)
60 - 80 kg

Maximum target
phosphorus
applied at 4.2
ML/ha
70 kg

Maximum allowable phosphorus
concentration in recycled water

17 mg/L

The EPA rates of phosphorus uptake in Table 6 are however considered an over estimate of actual
plant phosphorus removal rates. Table 7 has been included to explore how phosphorus removal rates
may vary with pasture yield based on reference data and our experience, which suggest phosphorus
concentrations of 0.3% in rye-grass11 and indicative pasture dry matter yields under recycled water
irrigation in this climate. From Table 7, phosphorus removal rates may vary from 16 to 36 kg/ha
depending upon yield. With good pasture management, pasture yields approaching 10 tDM/ha should
be able to be achieved at this property.
9

EPA Victoria (1991) Guidelines for Wastewater Irrigation – Table 6 - Page 35
EPA Victoria (1991) Guidelines for Wastewater Irrigation – Table 6 - Page 35
11
Dairy Australia (April 2013) Dairy Soils and Fertiliser Manual – Australian Nutrient Management Guidelines –
website: www.fertsmart.dairyaustralia.com.au
10
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Table 7. The impact of crop yield on phosphorus removal rate.

Rye-grass

P% DM
0.3%

Amount of Phosphorus in crop at varying yields (kg/ha)
at 5 t/ha
at 7.5 t/ha
at 10 t/ha
At 12.5 t/ha
16
24
32
36

If the recycled water at CORA were applied at a hydraulic loading rate of 4.2 ML/ha, a total of 13 kg/ha
of phosphorus will be applied. Therefore should yields drop to only 5 tDM/ha, the rate of phosphorus
removal in plant material of 16 kg/ha will remain greater than that applied in the recycled water of 13
kg/ha. There is quite a disparity with regard to rye-grass phosphorus uptake between Table 6 at 60 –
80 kg/ha per year, compared to 16 to 36 kg/ha per year in Table 7. The EPA value in Table 6 is
considered to overstate the actual P removal expected from rye-grass and the values in Table 7 are
considered more realistic. This means that phosphorus inputs in the recycled water are expected to
be less than the amount exported in cut and carry yields even when yields decrease below 4
tDM/ha/yr.
It is likely that the recycled water will allow a reduction in the amount of phosphorus fertiliser used
on this property, but some phosphorus fertiliser may still be required to off-set phosphorus nutrient
removal in fodder.
Overall with regard to phosphorus, the amount applied in the recycled water is expected to be less
than plant requirements based on a fodder cut and carry system. These are purely theoretical values,
and the actual time before the soils become saturated will depend on:
- The soils actual not theoretical ability to bind and retain phosphorus.
- Pasture yields
- Rate of fodder removal relative to grazing
- Phosphorus concentration of the recycled water
- Irrigation rates
Only with ongoing soil monitoring of defined transects at specific depths (as detailed in Appendix 2)
will the soils actually ability to bind and immobilise phosphorus be known. In the event soil phosphorus
is detected in the deep subsoil (eg 40-50 cm), options for additional recycled water treatment will
need to be investigated that will reduce the phosphorus concentration in the recycled water, or
additional land for irrigation may need to be sought for irrigation. The monitoring program
recommended for nitrogen, which covers pasture, recycled water and soil assessment is similarly
recommended for phosphorus such that changes in management can be implemented in a timely
manner to as to prevent phosphorus loss off-site.

7.4 Soil Salinity
The two most common limitations to irrigation with recycled water are induced salinity and sodicity
of the soil. This section aims to assess how the soils are likely to respond to the irrigation with
moderately saline recycled water and to make an assessment as to whether development of the
property for recycled water irrigation presents any hazards with regard to salinity.
Soil salinity is commonly measured as the electrical conductivity of a 1:5 soil water suspension and the
conductivity gives a direct measurement of the concentration of free salts in the soil. The
measurement covers all salts in the soil, not just sodium chloride. EC values in the surface soil (0-10
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cm) of less than 0.3 dS/m indicate low and harmless salt content. EC values in the surface soil (0-10
cm) above 0.3 dS/m up to around 0.6 dS/m indicate a mild level of salinity. Values above 0.6 dS/m in
the surface soil indicate that toxic levels of salt may be present and it becomes necessary to know
what sort of salts are present and what type of plants are to be grown. In the subsoil greater levels of
salinity are tolerable, such that only once the EC exceeds 1.0 dS/m is there considered need for
concern.
Table 8. Soil salinity as EC (1:5 water) at each of the two soil monitoring transects at various depths.
Transect
Site 1 – Perc Test

NE 5 hectares

Depth
(cm)
0-10 cm
20-30 cm
40-50 cm
0-10 cm
20-30 cm
40-50 cm

E.C
(dS/m)
0.07
0.04
0.11
0.06
0.03
0.17

Comments
Low salinity - no concern
Low salinity - no concern
Low salinity - no concern
Low salinity - no concern
Low salinity - no concern
Low salinity - no concern

Based on our soil sampling results in Table 8, the existing level of salinity in the surface soil (0 - 10 cm)
is low at between 0.06 and 0.07 dS/m. Salinity of the A2 soil horizon was measured at 20 to 30 cm
below the surface at between 0.03 and 0.04 dS/m. Salinity of the B1 soil horizon was measured at 40
to 50 cm below the surface at between 0.11 and 0.17 dS/m. These are all very low (ie less than 0.3 dS)
and harmless levels of salinity.
The two most significant aspects when determining the risk of soil salinity is the existing level of soil
salinity and whether the soil has sufficient permeability to mobilise the salts applied in the recycled
water. The anticipated quality of the recycled water (EC 885 µS/cm) is such that at a hydraulic loading
rate of 4.2 ML/ha, a total salt load of 2.4 t/ha is anticipated (Table 2). Based on previous experience
this is considered a manageable salt load that must be leached through the soil profile each year to
avoid accumulation. Drainage is the most fundamental requirement of any recycled water irrigation
scheme. In this instance it has been established in the water balance that there is an excess of 147
mm year of winter rainfall. This excess winter rainfall combined with a leaching fraction of 3% above
plant evaporation requirements is needed to flush up to 2.4 t/ha of salts applied in the irrigation water
through the soil profile. The soils have a demonstrate ability to allow this much water to move through
the soil given the measured subsoil permeability of 0.07 m/day.
The best method to ensure an adequate leaching fraction is being generated is through an annual soil
monitoring program as per Appendix 4, in conjunction with analysis of the salt content of the recycled
water and accurate record keeping of recycled water volumes applied. With these data the actual
mass salt load can be calculated, and with annual ongoing soil monitoring of the same transects and
depths, a good indication of whether salts are accumulating or else passing through the soil profile
can be obtained. Such soil monitoring transects need to be sampled and assessed by suitably qualified
soil scientists with experience in the field of soil classification and recycled water irrigation
management.
It is not uncommon for the salinity profile of a soil exposed to a new regime of irrigation with mildly
saline water to increase quite markedly and then settle down to a new equilibrium of salt movement
in and out of the soil profile. Only with ongoing monitoring of these soils will a determination of
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changes and trends able to be accurately detected. Where accumulations of salt are occurring, the
soil monitoring program will act as a feedback loop to the irrigation manager to ensure that irrigation
management practices or irrigation water quality can be adjusted in a timely manner. Where excess
salt is identified there are a number of management practices which can be implemented.
Overall soil salinity is considered to present a low risk to sustainable recycled water application on this
property, based on the low to moderate salt load to be applied each year and the low level of existing
soil salinity. Irrigation with recycled water should be sustainable with appropriate irrigation
management and farming practices that are all responsive to changes recommended as part of the
annual soil monitoring program.

7.5 Sodicity
Soil sodicity is measured by the percentage of exchangeable sodium compared to the total of
exchangeable cations in the soil, and the percentage is abbreviated to the acronym ESP. A soil is
considered to be sodic if the ESP value is above 6% (more than 6% of the exchangeable cations are
sodium ions) and strongly sodic if the ESP is greater than 15%. As soils become more sodic, they lose
some of the important physical properties that influence productivity. In particular, sodic soils are less
permeable, less well aerated, prone to surface sealing, and have a narrower range of suitable moisture
content for cultivation. Maintaining the soil at a moderate to low level of sodicity is an integral part of
protecting this recycled irrigation farm for long term use.
The data in Table 9 shows that soils on this property vary from non-sodic in most of the surface soils
(0-10 cm) to sodic in all of the subsoil depths, with sodicity increasing with depth. There is a slight to
moderate risk of dispersion, given the recycled water having an anticipated SAR of ~5. To ensure ESP
values remain at an acceptable level gypsum may need to be applied to reduce the risk of soil
permeability loss through a decline in soil structure. Annual soil monitoring will be required to
determine if gypsum is required and the required rate and frequency of application. Intervention in
the form of gypsum application or deep ripping is only recommended in areas of the farm in the event
salts began to accumulate in the soil and permeability is being compromised by a high sodium level.
Table 9. Soil sodicity at each of the two soil monitoring transects at various depths.
Transect
Site 1 – Perc Test

NE 5 hectares

Depth (cm)
0-10 cm
20-30 cm
40-50 cm
0-10 cm
20-30 cm
40-50 cm

ESP
5%
10%
16%
6%
12%
20%

Comments
Non-sodic
Slightly sodic
Strongly sodic
Slightly sodic
Sodic
Strongly sodic

It is recommended that the on-going subsoil monitoring include assessment of ESP (as per Appendix
4), to ensure ESP does not deteriorate, and to ensure that remedial measures such the application of
gypsum or else deep ripping can occur in a timely manner.
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8. Soil properties with respect to farming land use
8.1 Soil pH
Soil pH can have a large influence on the effectiveness of gypsum in modifying soil structure and also
on the availability of plant nutrients. How much the soil pH changes in response to irrigation with
recycled water depends on the pH of the recycled water and the soils inherent pH buffering capacity.
Soil pH data has been included in Table 10.
Soil pH is moderately acidic in the surface soil, and increases with depth to be circa neutral to
moderately alkaline in the B1 soil horizon. The moderately acidic surface soil is suitable for the growth
of rye-grass, and the B1 soil horizon being circa neutral to mildly alkaline will ensure the effectiveness
of gypsum. The pH of the surface soil is acceptable for maintaining good availability of plant nutrients.
Table 10. Soil pH at each of the two soil monitoring transects at various depths.
Transect
Site 1 – Perc Test

NE 5 hectares

Depth
0-10 cm
20-30 cm
40-50 cm
0-10 cm
20-30 cm
40-50 cm

pH(water)
5.6
6.0
6.8
5.8
6.2
7.6

Comments
Moderately acid - suitable
Slightly acid - suitable
Circa neutral - suitable
Moderately acid - suitable
Slightly acid - suitable
Slightly alkaline - suitable

The pH of the irrigated recycled water is expected to be around pH 9, such that increases in soil pH
are expected with irrigation of this recycled water. An increase in soil pH would not negatively impact
pasture growth provided soil pH remained within an acceptable range. A minor increase in soil pH,
may actually improve nutrient availability, and would effectively act in a similar manner to the
application of lime (CaCO3) which is applied as standard agricultural practice. How much the soil pH
will increase is difficult to predict as it will depend on the inherent pH buffering capacity of the soil.
This recycled water pH is within the acceptable range for irrigation according to EPA document 168 –
page 38, but on-going soil and recycled water monitoring should include pH, such that changes in
management can be implemented in a timely manner.

8.2 Available Phosphorus
Soil available phosphorus (Olsen P) is monitored for both environmental and agricultural purposes.
From an environmental perspective it must be verified that the adsorption and fixation of phosphorus
is occurring and that over-saturation of the phosphorus leads to migration to lower levels within the
soil profile and potential migration to groundwater. From an agricultural perspective phosphorus is
also an essential plant nutrient and soil Olsen P levels must be maintained at an adequate level in the
surface soil to produce rapid pasture growth rates. A value of 14 mg/kg Olsen P is considered to be
adequate to achieve pasture growth rates 95 % of optimum12.

12

Dairy Australia (April 2013) Dairy Soils and Fertiliser Manual – Australian Nutrient Management Guidelines –
website: www.fertsmart.dairyaustralia.com.au
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Table 11. Soil phosphorus (Olsen P) at each of the two soil monitoring transects at various depths.
Transect
Site 1 – Perc Test

NE 5 hectares

Depth (cm)
0-10 cm
20-30 cm
40-50 cm
0-10 cm
20-30 cm
40-50 cm

Olsen P (mg/kg)
5
2
<2
5
2
<2

Comments
Deficient
Low but not of concern
Below detectable limit
Deficient
Low but not of concern
Below detectable limit

From Table 11, surface soil phosphorus levels are very low such that it would be difficult to maintain
a dense pasture sward at these levels of less than 5 mg/kg. Given the comparatively low concentration
of phosphorus in the recycled water, it is expected that in the first instance phosphorus fertiliser will
need to be applied to assist in the establishment of pasture and with ongoing side dressings to ensure
persistence. The low soil phosphorus levels are expected to be a product of limited historic fertiliser
use. Pastures are likely to be highly responsive to the application of phosphorus in additional to that
applied in the recycled water for at least the first few seasons of irrigation with recycled water. The
application of phosphorus fertiliser can be reduced in future once Olsen P levels exceed 12 mg/kg,
which the level considered adequate for 90 % of biological optimum growth.
Soil phosphorus levels decline sharply below the surface soil, which is good from an environmental
perspective. A sharp decline in Olsen P with depth means that there remains a capacity for additional
sorption of phosphorus should phosphorus migrate beyond the surface soil.
Based on the Phosphorus Buffer Index values in Appendix 1, these soils have only limited capacity
within the surface soil to bind and retain excess phosphorus beyond plant nutrient requirements. The
PBI values however increase sharply with depth such that the heavier clay subsoils have a moderate
ability to bind soil phosphorus. Phosphorus buffer capacity of the these soils has not been explored in
depth given that phosphorus application rates from recycled water are not expected to exceed plant
nutrient requirements with a cut and carry fodder removal program.

8.3 Available Potassium
Potassium is an essential nutrient for plant growth and is monitored in the soil to ensure pasture
productivity is maximised. As a mono valent cation potassium (K+) has the potential to cause
detrimental effects to soil structure, but given the anticipated dominance of sodium in the recycled
water being irrigated, potassium is of little concern to soil structure. Soil potassium levels have been
presented in Table 12.
For high productivity of pasture species such as ryegrass, potassium levels in the 0 – 10 cm horizon
should be 130 to 150 mg/kg on these soils types. At the anticipated hydraulic loading rate of 4.2
ML/ha, the recycled water will be expected to add 71 kg/ha of potassium per year. This is the
equivalent of 142 kg/ha of Muriate of Potash fertiliser.
Table 12. Soil potassium (Colwell K) at each of the three soil monitoring transects at various depths.
Transect
Site 1 – Perc Test
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Depth
0-10 cm
20-30 cm
40-50 cm

Colwell K
150
54
170

Comments
95% of biological optimum growth
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NE 5 hectares

0-10 cm
20-30 cm
40-50 cm

160
35
110

95% of biological optimum growth

Plant available potassium (Colwell K) levels vary from 150 to 160 mg/kg in the surface soils. These soil
potassium levels are adequate for 95% of biological optimum growth rates. Given that the recycled
water contains significant quantities of potassium it is unlikely that additional potassium fertiliser will
need be applied to increase pasture yields once irrigation with recycled water commences. Potassium
fertilisers are unlikely to be required but potassium should be included in both the analysis of the
recycled water and annual soil monitoring.

9. Feasibility of Recycled Water Irrigation at CORA
This dry land grazing property can sustainably accommodate the addition of 60 ML of recycled water
per annum into the existing operations of the property and as part of the CORA development. Most
of the field investigations were focussed upon the north eastern corner of the current property,
however reconnaissance also included areas to the central and west zones of the property and also
surrounding properties, particularly Lot 2 TP14253 and Lot 2 TP954804. The common feature of soils
in this landscape is the variability in depth of soil over the underlying clay substrata. Therefore despite
the soils in the norther east corner of the property having been assessed as being suitable for recycled
water irrigation, the following remedial measures are recommended prior to the commencement of
installation of irrigation infrastructure and irrigation with recycled water:
-

Spray out existing pastures with a suitable herbicide such as glyphosate
Apply gypsum at 2.5 t/ha
Apply chicken manure at 10 m3/ha
Cultivate with to a depth of 100 mm with a PTO driven, tractor mounted power harrow
Apply single super phosphate at 300 kg/ha
Sow perennial rye-grass at 30 kg/ha
Roll with a suitable tractor trailing tyre for improved seed/soil contact

The use of a suitable herbicide will remove the current native pastures and other undesirable weeds.
Excavators may be required to remove areas infested with Gorse. The gypsum is recommended as a
precautionary measure to prevent potential structural decline under cultivation and will put the soils
in a good position to resist dispersion upon commencement of irrigation with recycled water. The
chicken manure will supply much needed nutrients including phosphorus, but also act as a soil
conditioner by providing organic matter which is highly desirable for the creation of stable soil
aggregates. Cultivation with a power harrow is considered necessary as it will not only act to create
suitable tilth for a seed bed, these implements act as a very effective surface soil levelling device, while
preventing disturbance or lifting of the subsoil. The application of 300 kg/ha of single super with
provide readily available phosphorus to assist with pasture establishment and in particular plant root
development and tillering. Perennial rye-grass is considered the most suitable pasture species in this
instance given its known persistence and acceptable yield. These pastures will need to be rotationally
grazed and cut for fodder annually once established to ensure adequate nutrient removal.
While the recycled water contains appreciable quantity of nutrients, pasture growth rates may be
restricted by limited available phosphorus in the first year of irrigation with recycled water and this is
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why fertiliser containing phosphorus is recommended prior to the commencement of irrigation with
recycled water. Cut and carry of fodder need only commence once soil phosphorus levels reach 12
mg/kg. The removal of fodder and the associated rate of nutrient removal will still require phosphate
fertiliser to be applied, but at a reduced rate. Annual soil monitoring of recycled water irrigation areas
will determine it the amount of pasture cut and removed from the property is adequate to prevent
excess nutrient build up and discharge to the environment.
To achieve the required pasture yields and fodder removal rate from the property, conserved fodder
from recycled water irrigation areas should be cut and carried (ie not fed back out to stock within
recycled water irrigation areas).
Given the anticipated availability of 60 ML of recycled water per year and a mean hydraulic loading
rate of 4.2 ML/ha, an irrigation area of around 14 ha is required to meet plant evapotranspiration
requirements. There is more than enough suitable land available for sustainable irrigation of 60
ML/year within the 194 ha CORA property.

10. Summary and Conclusions
 The CORA property has been assessed as having soils and landscapes that are suitable for the
sustainable irrigation of the anticipated recycled water from the proposed CORA village. There
are some recommended remedial measures which should be implemented in area proposed for
irrigation and these are detailed in Section 9 of this report.
 The proposed irrigation system is expected to apply 60 ML/annum of moderately saline recycled
water. A mean hydraulic loading rate of 4.2 ML/ha is required to meet plant evapotranspiration
requirements, plus a salt leaching fraction of 3% based on the anticipated salinity of the recycled
water.
 The recycled water has an anticipated SAR of 5 such that combined with the salinity of the
recycled water there is only a slight risk of soil permeability loss. A soil monitoring program is
recommended to ensure that remedial action to correct any undesirable trends in soil sodicity
can be implemented in a timely manner.
 The salinity of the recycled water as measured by Electrical Conductivity (EC) is expected to be
885 µS/cm. Based on the soil types and climate it is recommended that the recycled water
supplied for irrigation have a maximum Electrical Conductivity (EC) of 2000 µS/cm or Total
Dissolved Solids (TDS) of 1280 mg/L.
 The recycled water is expected to contain only minor quantities of nutrient (nitrogen, phosphorus
and potassium). Based on a fodder removal rate of only 5 tDM/ha, the recycled water will not
apply enough nutrient to off-set the amount removed in fodder. Yields of 10 tDM/ha should be
able to be achieved at this location with appropriate management. The maximum upper
threshold concentrations for nitrogen and phosphorus in the recycled water have been
established at 60 and 17 mg/L respectively. These upper threshold limits for nitrogen and
phosphorus are well above the anticipated concentrations of 4 and 3 mg/L for N and P.
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 A list of analytes to be included in the on-going monitoring program for soil and recycled water
have been included in Appendix 3 and 4, along with a suggested soil sampling procedure.
 Recycled water irrigation volumes with each application should also be monitored such that the
total hydraulic loading per hectare can be calculated, and the mass loading of salt and nutrients
can be calculated annually.
 The effective implementation of the recommended ongoing monitoring program for pasture,
recycled water and soil is also seen as a necessary component of sustainable irrigation on this
property. These three components of monitoring and how they feedback into changes in recycled
water irrigation and farm management can have a large bearing on the success or failure of
recycled water irrigation systems.
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Appendix 1. Soil profile descriptions - CORA
Site No. 1 Elevated ridge
Soils most indicative of areas available for irrigation on eastern side of property.
Location of soil permeability testing
Horizon
A1

A2

B1

Depth (cm)
0-15

15-30

30-100

Description
Dark Brown (10YR 3/3) Sandy Clay Loam
Moderate structure
High amount of plant roots and organic matter
-- Clear transition--Grey (7.5YR 5/1) Clayey Sand,
Weak structure, plant roots present
-- Clear transition--Mottled Dark Greyish Brown (10YR 3/3) and yellow Medium Clay
Well structured, roots present
Yellow mottles increase with depth
-- Hole terminated---
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Site No. 2 Low lying area East of water channel
Horizon
A1

Depth (cm)
0-10

A2

10-30

B1

30-100

Description
Very Dark Brown Sandy Loam
Moderate Structure
-- Gradual transition--Sandy Clay Loam, Moderate Structure
Very Dark Grey
-- Clear transition--Mottled Medium Clay
Yellow Red, Very Dark Grey Dark Grey
-- Hole terminated---

Not perfect but still ok for irrigation provided surface water can drain
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Site No. 3 – South of a windbreak of small eucalypts. Low lying area (pocket drains SE) on high
ridge very close (South) of very deep sandy profile (100 cm sand/over medium clay)
Horizon
A1

Depth (cm)
0-10

A2

10-25

B1

25-100

-

Description
Fine Sandy Loam, Brown
Weak Structure
-- Clear transition--Fine Sandy Loam, Pale Brown
Weak structure
-- Abrupt transition--Mottled Heavy Clay,
Grey, Yellow Brown, Dark Grey
Increasing Yellow Red with depth
Firm consistency
-- Hole terminated ---

Variable depth to B1 and pockets of poorly drained micro relief present biggest constraint to
waste water irrigation.
Drainage and profiling the key to irrigation on this property

LCA - CORA (August 2018).docx

Page 29 of 38

Site No. 4 Low lying “Middle terrace” south of vent. Very dark grey self-mulching clay soil
Horizon
A1

Depth (cm)
0-5

A2

5-50+
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Description
Sandy Clay Loam, Very Dark Brown
Weak Structure
-- Abrupt transition--Heavy Clay
Increasing organic matter throughout
Shrink / Swell
- Hole terminated---
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Site No. 5 close to northern property boundary. North of disused underground pipeline.
Typical duplex soil.
Horizon
A1

Depth (cm)
0-10

A2

10-25

B1

25-100
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Description
Fine Sandy Loam, Brown
Weak Structure
-- Clear transition--Fine Sandy Loam, Pale Brown
Weak structure
-- Abrupt transition--Mottled Heavy Clay,
Grey, Yellow Brown, Dark Grey
Increasing Yellow Red with depth
Firm consistency
-- Hole terminated ---
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Site No. 6 Near row of Cypress trees on Northern boundary.
Very Deep and well drained Sandy Loam
Horizon
A1

A2

Depth (cm)
0-50

50-90
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Description
Very Dark Brown, Fine Sandy Loam
High organic matter
-- Gradual transition--Pale Brown, Sandy Loam
Auger refusal at 90cm
-- Hole terminated ---
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Site No. 7 Near tree east of dam.
Typical western district volcanic plains soil
Horizon
A1

Depth (cm)
0-15

A2

15-30

B1

30-

Description
Dark Brown, Sandy Loam
Moderate Structure
-- Gradual transition--Pale Brown, Sandy Loam
Moderate structure
Buckshot gravel
-- Clear transition--Mottled, Yellow Brown and Brown Medium Clay
Well structured
Earthy Fabric
-- Hole terminated ---

Site No. 8 Near and horses, soil as per Site 1
Site No. 9 Low lying tussocks and dam. Unsuitable for irrigation with recycled water.
Site No. 10 North West corner of property.
Topography ok, but shrink / swell soil not readily suitable, ie short window of opportunity to irrigate
Black self-mulching uniform medium clay. Limited drainage to due to shrink swell soil properties and
low permeability. Shallow depth to underlying basalt parent material.
Suitable for irrigation only in elevated areas and within short timeframes of the year.
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Site No. 11 Near homestead
Very deep course loamy sand >1m Indicative of rolling hills landscape west of driveway between
house and Cape Otway Road.
Very well suited to sustainable recycled water irrigation.
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Soil observation points

#5

#2
#3
#1

#8

#9

LCA - CORA (August 2018).docx

Page 35 of 38

#4
#7

#11

#10

#6

Appendix 2. Soil Laboratory Data
Paddock Name
Sample Name
Sample Depth From
Sample Depth To
User ID
User Name
Grower Name

SITE 1
SITE 1
SITE 1
NE 5ha
NE 5ha
NE 5ha
A1 Horizon
A2 Horizon
B1 Horizon
A1 Horizon
A2 Horizon
B1 Horizon
0
20
40
0
20
40
10
30
50
10
30
50
637
637
637
637
637
637
Glenn Marriott
Glenn Marriott
Glenn Marriott
Glenn Marriott
Glenn Marriott
Glenn Marriott
CORA
CORA
CORA
CORA
CORA
CORA
Ag Challenge
Ag Challenge
Ag Challenge
Ag Challenge
Ag Challenge
Ag Challenge
Consulting Pty ltd Consulting Pty ltd Consulting Pty ltd Consulting Pty ltd Consulting Pty ltd Consulting Pty ltd
22017591
22017592
22017593
2217641
2217642
2217643
05-06-18
05-06-18
05-06-18
08-06-18
05-06-18
05-06-18
CORA
CORA
CORA
CORA
CORA
CORA
2015-035
2015-035
2015-035
2015-035
2015-035
2015-035

Customer Name
Sample ID
Sampling Date
Purchase Order Number
Test Code
Phosphorus (Olsen)
Potassium (Colwell)
Sulphur (KCl40)
pH (1:5 Water)

mg/kg
mg/kg
mg/kg

5
150
5.6
5.6

2
54
1.7
6

<2
170
4.9
6.8

5
160
4.1
5.8

2
35
1.3
6.2

<2
110
8.4
7.6

Electrical Conductivity (1:5 water) dS/m
Chloride
mg/kg

0.07
26

0.04
14

0.11
23

0.06
24

0.03
13

0.17
67

Nitrate Nitrogen
Ammonium Nitrogen
Total Nitrogen (Kjeldahl)
Organic Carbon (W&B)
Organic Matter (W&B * 1.72)

mg/kg
mg/kg
%
%
%

2.3
4.4
0.18
2.1
3.6

2.3
1.7
0.04
0.48
0.8

1.4
2.7
0.06
0.57
1

4.1
18
0.15
1.9
3.3

3.7
2.4
<0.04
0.32
0.6

2.9
2.4
0.05
0.51
0.9

Calcium (Amm-acet.)
Potassium (Amm-acet.)
Magnesium (Amm-acet.)
Sodium (Amm-acet.)
Cation Exch. Cap.

Meq/100g
Meq/100g
Meq/100g
Meq/100g
Meq/100g

2
0.35
1.5
0.22
4.07

0.87
0.1
0.79
0.2
1.96

3.8
0.48
8.5
2.5
15.28

1.3
0.32
0.85
0.16
2.63

0.48
0.07
0.34
0.12
1.01

3.8
0.33
8.6
3.2
15.93

Calcium/Magnesium Ratio
Exchangeable Sodium Percentage

1.3
5%

1.1
10%

0.5
16%

1.5
6%

1.4
12%

0.4
20%

Phosphorus (Colwell)
mg/kg
Phosphorus Buffer Index (PBI-Col)
Phosphorus Environmental Risk Index
Grass Tetany Risk Index
pH (1:5 CaCl2)
Available Potassium
mg/kg

6
56
0.11
0.1
4.5
140

<5
24
0.21
0.06
4.6
41

<5
190
0.03
0.04
5.4
190

6
22
0.27
0.15
4.6
120

<5
13
0.38
0.08
4.7
27

<5
130
0.04
0.03
6
130
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Appendix 3. Monitoring Parameters – recycled water for irrigation
It is recommended that recycled water quality be monitored on a monthly basis during times of
irrigation from the pumping point of the recycled water storage lagoon.
It is recommended that water samples be analysed for the following parameters:
Parameter

Units

Total nitrogen

mg/L

Total phosphorus

mg/L

Electrical conductivity

µS/cm

pH
Carbonate

mg/L

Total Dissolved Solids

mg/L

Chloride

mg/L

Sulphate

mg/L

Calcium

mg/L

Magnesium

mg/L

Sodium

mg/L

Potassium

mg/L

SAR
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Appendix 4. Monitoring Parameters and Procedure – Soil
The purpose of soil monitoring is to use the chemical changes that occur within the soil profile as an
indicator of change in soil physical or chemical condition, or any potential environmental impacts that
may be occurring as a consequence of irrigation with recycled water. Soil sampling is to be undertaken
initially every year for the first three years of operation of the reuse site. At the end of the first three
years the frequency of further monitoring will be reviewed.
1.
Soil samples are to be collected in late autumn early winter, preferably in the month of May
or early June. Irrigation of recycled water should have been completed by this time.
2.
Samples will be collected from the nominated sampling routes. It is recommended that two
transects be established, one within each soil type and irrigation management zone. Both routes need
to be entirely within the irrigation area.
3.
The soil sampling transect will be defined by GPS coordinates and the route shown on the
following page, such that it can be easily replicated each year.
4.
Soil samples other than the surface soil cores are collected via augering by hand to a depth of
at least 60 cm, preferably with an Edelman soil auger. At least five samples are collected and bulked
together along the sampling route for the two depths of ~20 to 30 cm (A2 soil horizon) and ~40 to 60
cm (B1 soil horizon).
5.
Surface cores (A1 soil horizon: 0-10 cm) are collected with a foot auger. A minimum of 20
surface cores are to be collected along the sampling transect.
6.
The depth of the soil A2 horizon may be variable. The sampling depth of 20 to 30 cm is to
represent the A2 soil horizon, and the 20-30 cm depth is the first 10 cm below the point where the
operator is confident that the A2 horizon has been encountered. Similarly the depth to the B1 horizon
may be variable. The sampling depth of 40 to 60 cm is to represent the B1 soil horizon, with the sample
to be collected in the first 10 cm below the point where the operator is confident that the B1 horizon
has been encountered.
7.
The cores are bulked together as collected. Soils from within the 0 to 10 cm depth are bulked
together to provide the surface soil sample. Soils from the 20 to 30 cm depth range are bulked
together to provide the A2 sample. Soils from the 40 to 60 cm depth range are bulked together to
provide the B1 horizon sample.
8.
A subsample of approximately 0.5 kg from each bulked sample is then selected after thorough
mixing and transferred to a plastic bag for forwarding to a soil testing laboratory.
Soil samples are to be analysed in a certified ASPAC laboratory for the following parameters:
pH in water
available phosphorus (Olsen method)
pH in calcium chloride
available potassium (Colwell method)
electrical conductivity
available sulphur
exchangeable cations
total nitrogen
chloride
total organic carbon
ammonium nitrogen
Phosphorus Buffering Index
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