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Executive Summary

Harvey Water was awarded funds in February 2008 from the Federal Government’s Irrigation
Modernisation Planning Assistance (IMPA) programme to undertake thorough planning and
evaluation of the irrigation distribution system efficiency proposal intended for the Collie River
Irrigation District (CRID). These plans and investigations are required by the IMPA
programme as key background information that will inform the next stage of planning and
design of the preferred irrigation distribution system for the CRID. In addition to preparing
preliminary distribution plans, Harvey Water is required to investigate the environmental and
social context within which the intended upgrading of the existing irrigation system lies. This
report describes the environmental context for the CRID, specifically the hydrologic and
hydrogeologic aspect and its interactions.

The CRID covers an area of 163 km?® or 16,332 hectares. Four rivers intersect the CRID:
Wellesley River; Brunswick River; Collie River and the Ferguson River. The results of this
work will be used, in part, to assess the nature and extent to which the current flow regimes
for each of these rivers may be altered should the existing open channel system be replaced
by a pressurised pipe distribution network. The extent of any impact will be used to inform the
Ecological Water Requirements (EWR) for each river. EWR are used to determine required
flow patterns, water quality and flow regimes and ultimately are required to determine the
sustainable draw of the resource.

Hydrogeological conclusions for the CRID were:

»  Recharge of the Superficial and Leederville Aquifers is mostly attributable to winter
rainfall.

»  Borehole data shows minimal recharge occurring during the summer months when
paddocks are flood irrigated.

» Recharge from irrigation is discernible in the results but is not a major source of supply;

»  The baseflow contours throughout the CRID show a very similar gradient, therefore the
gradual increase in interflow could be extrapolated for the whole CRID area for all other
streams.

»  The baseflow separation for the streams and rivers in the CRID shows that the baseflow
contribution to river flow increases from two per cent to nine per cent east to west in the
CRID. This increase is consistent with a slightly increasing gradient within the CRID
area.

»  The increasing hydrogeologic gradient is in part attributable to recharge that is the result
of infiltration from irrigation. There is also a cumulative effect of recharge as the
waterways progress through the CRID. Recharge of the groundwater will increase the
hydraulic gradient of the groundwater levels, thereby discharging more groundwater to
the river.

»  The Darcy interflow calculation shows that about two per cent of the total stream
contribution may be from irrigation interflow for the river.

» A decline in the volume of interflow is unlikely to have a major impact on the waterways of
the CRID.

Collie River Irrigation System Plannning 2
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Hydrologic conclusions:

»  The sensitivity of rivers systems in the CRID to removal of irrigation inputs increases with
decreasing catchment size and with decreasing flow volume through the irrigation district.
The greatest impact of improving distribution and irrigation use efficiency is predicted for
the smallest river, the Ferguson River system, where the 1,670 ML decrease represents
an eight per cent change in total flow and a halving of summer flow.

»  The much larger Collie River system is expected to be the least functionally impacted,
given that the contribution of environmental releases and scour water from Wellington
Dam will continue despite changes to the irrigation distribution network. It is estimated
that the 8,680 ML of irrigation water generated in the Collie subcatchment represents just
1.5 per cent of pre-development total annual flow.

»  The Brunswick and Wellesley Rivers show similar responses to each other and lie
between the results for the Ferguson River and those for the Collie River.

Hydrologic and hydrogeologic interactions concluded that:

» Recharge, baseflow and interflow each contribute to the overall flow pattern of the
waterways. Surface water generated from flood irrigation and the open channels
contribute to these processes.

»  Any change to the hydrogeologic status of the CRID is most likely to be evidenced at the
western boundary, where the gradients are closer and baseflow gains are greater.

»  Hydrologically, tailwater was found to be the most significant factor in baseflow
contribution to river flow during the irrigation season.

Key conclusions

Winter rainfall is a very important variable in maintaining river flow. Stream inflow from the
catchment area upstream of the CRID is by far the most significant surface water variable for
all four rivers. The greater the catchment size, the greater the volume of stream inflow and
therefore river flow. A decline in rainfall will be reflected by a significant reduction in flow for
each of the CRID rivers.

Flood irrigation has long been a feature of agricultural practice in the CRID. As a result, there
are now long-established summer flow patterns that have become a feature of the CRID
rivers. The loss of tailwater coupled with declining rainfall will have a measurable impact on
both the winter and summer flow patterns of the CRID rivers.

Collie River Irrigation System Plannning 3
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1. Introduction

Harvey Water was awarded funds in February 2008 from the Federal Government’s Irrigation
Modernisation Planning Assistance (IMPA) programme to undertake thorough planning and
evaluation of the irrigation distribution system efficiency proposal intended for the Collie River
Irrigation District (CRID). These plans and investigations are required by the IMPA
programme as key background information that will inform the next stage of planning and
design of the preferred irrigation distribution system. In addition to preparing preliminary
distribution plans, Harvey Water is required to investigate the environmental and social
context within which the intended upgrading of the existing irrigation system lies.

This report describes the environmental context. Specifically, it focuses on the surface water
and groundwater flows for the river systems that dominate the CRID. While the outcomes of
this report will inform the overall Collie River Irrigation System Plan (CRISP), the data will also
contribute to another Federally funded water investigation programme, Water Smart Australia,
managed by the Department of Water, where the ecological water requirements (EWR) for
each of the rivers in the lower Collie region are to be determined. Understanding the
contribution of surface water and groundwater flows to each of the rivers and thereby the
interaction of surface and groundwater will become an integral part of this longer-term EWR
investigation.

1.1 Environmental approach

The CRID covers an area of 163 km?® or 16,332 hectares. Four rivers intersect the CRID:
Wellesley River; Brunswick River; Collie River and the Ferguson River. The rivers and the
sub-catchments (SC) of the CRID are shown in Figure 1. The dominant land use of the CRID
is irrigated agriculture, specifically horticulture and flood irrigation for pasture production (dairy
farms and some hay production). In this same district, there are areas of land that are
gradually evolving their land use from a predominately agricultural pursuit to one that is
increasingly lifestyle and tourism oriented.

Collie River Irrigation System Plannning 4
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The environmental approach undertaken for this particular study was negotiated with the research
staff of the Department of Water. These staff are responsible for the determination of Ecological
Water Requirements (EWR). Under the Water and Rivers Commission Act 1995, the Department
of Water (DoW) is deemed as the independent arbiter and regulator of the water industry of
Western Australia. The DoW administers and regulates water under the Rights in Water and
Irrigation Act 1914 (RiWI). Amendments to this legislation (1999) noted that “ecological water
requirements” (EWR) shall be met and not compromised by other consumptive uses.

Specifically, EWR are defined as “the water regimes (both spatial and temporal) needed to
maintain ecological values and water dependent ecosystems at a low level of risk” (Water and
Rivers Commission 2000).

EWR are used to determine required flow patterns, water quality and flow regimes and ultimately
are required to determine the sustainable draw of the resource. An emerging question as a result
of the CRISP will be the nature and extent to which current river flow regimes are altered should
the existing open channel system be replaced by a pressurised pipe distribution network. The
research presented in this report will go some way to answering this question.

1.2 Ecological water requirements framework

The Department of Water is responsible for the determination of EWR for rivers that provide some
form of consumptive use. The research and investigation in this report will not determine EWR
for the CRID rivers, but will become part of the overall EWR research programme currently
managed by the DoW. The conceptual framework within which the results of this investigation sit
is shown in Figure 2. This figure shows the planned research programme which will be applied to
the river systems in the CRID within the next five years. Figure 2 also shows the context for the
results of this study.

Collie River Irrigation System Plannning 6
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Figure 2 Conceptual EWR framework for research into CRID rivers

This report does not begin to define the EWR for each system from which allocation and
environmental release requirements are determined. It does however raise the question as to the
variables that go some way in defining a functional river system and presents the volumes of river
flow that will be impacted as a result of changing the existing irrigation network.

Key to Figure 2 is the term ‘functionality’. The term ‘functionality’ has become problematic given
that the original status of these historically low-flow summer flowing rivers has been altered as a
result of the long-term release of irrigation water and return flows throughout the summer season.
The cultural changes that have occurred within the CRID especially the long established irrigation
system have changed the ‘function’ of each of its rivers.

1.3 Report structure

This report is presented in four parts. The first two parts describe the hydrogeologic and
hydrologic findings for each river. The third part describes the surface water and groundwater
interactions for each river. The final part of this report draws summarises the main results and
conclusions.

Collie River Irrigation System Plannning 7
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1.4 Assumptions

Due to the ‘intermittent’ nature of the ground and surface water data available for this
investigation, a number of assumptions have been made. These assumptions are the foundation
from which the data are interpreted and conclusions drawn.

The first assumption is the nature of the irrigation flows as they occur in the CRID. Broadly, these
flows are the ‘unmetered’ open channel system flows and metered flows, that is, on-farm flows. A
conceptual model of the water pathways within the Collie River District irrigation system assumed
in this report is presented in Figure 3.
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River gauge
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Irtigation

Irrigation
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Figure 3 Conceptual water flows in to, out of, and within the CRID

Figure 3 shows there are three main losses in the CRID; evapotranspiration, surface water losses
and infiltrated groundwater losses. The diagram also identifies the most likely sources of
groundwater and surface water interaction: baseflow into the river, recharge of the shallow aquifer
(superficial) and return flows to the river. These interactions will be described in detail in Chapter
4.

Using the flow paths described in Figure 3, calculations for each flow type were undertaken for
both the ‘pre-development’ and ‘post-development’ assumptions. ‘Pre-development’ assumptions
are those that have been made in the context of the existing open-channel system. ‘Post-
development’ assumptions are based on an efficient irrigation system being established,
replacing the existing distribution network.

The assumed volume and percentage allocation losses of both metered and unmetered irrigation
water released to the CRID are illustrated in Figure 4. Further assumptions are described below.

Collie River Irrigation System Plannning 8
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Channel evaporation: 0.5 GL/Jy

4 Environmental release via channels: 2.7 GL/y
Burekup Weir Channel tailwater: 3.5 GL/y
release not sold: 17.1
Gl hr Channel infiltration to rivers (indirect): 3.5 GL/y
35.6% of volume
released

20% of irrigation sales

Irrigation infiltration to rivers (indirect): 2.1 GL/y

20% of irrigation sales
Burekup Weir release
sold: 31 GLly <
64.4% of volume
released

> 60% of irrigation sales

Figure 4 Assumed losses of metered and unmetered irrigation water

Figure 4 assumes that 60 per cent of total sales is lost to evapotranspiration from irrigation
paddocks. Of the remaining 40 per cent, 20 per cent is lost as tailwater and 20 per cent is lost as
infiltration to both groundwater (recharge) or to the rivers (interflow). Figure 4 also shows 17.1 GL
per annum of released water is not sold. This unmetered irrigation water includes required
environmental releases and water ultimately lost to channel evaporation, groundwater recharge
and infiltration to the rivers.

1.4.1 Pre-development assumptions

The following list details the assumptions applied to all calculations for the existing open channel
system.

»

»

»

»

»

Groundwater flow to rivers was calculated using average annual data and assumes that
seasonal variation of groundwater baseflow and interflow (or sub-surface flow) is minimal.
Groundwater gradients across the CRID show minimal seasonal fluctuation.

As a percentage of total river flow, groundwater baseflow and interflow is minimal. Low
transmissive clays in this district contribute to the low hydraulic conductivity of the soils and
therefore low interflow.

Baseflow and irrigation infiltration to rivers has been assumed to be constant throughout the
year. This assumption is, in part, based on the groundwater gradients of the district.

Infiltration to groundwater from irrigation water is assumed to be 20 per cent of the on-farm
irrigation sales.

Of the total infiltration from channels and irrigation, approximately 33 per cent is assumed as
groundwater release to rivers (interflow) and the remaining 67 per cent becomes recharge into
the regional groundwater body.

Collie River Irrigation System Plannning 9
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»

»

»

»

»

»

»

»

»

»

»

All water balance calculations assumed average monthly data.

Drainage within the irrigation district was calculated within the subcatchment divisions as
prepared by the DoW.

In calculating the flow at the upstream ‘subcatchment’ points identified throughout the report, it
was assumed that flow in mm (ML/km?) was the same as that recorded at the upstream
gauging station or an equivalent adjacent catchment.

Wellington Dam scour releases contribute to the upstream flow gauged in the Collie River.

Losses from the distribution network are assumed as channel evaporation, channel infiltration,
channel tailwater and environmental releases.

The annual loss recorded between Burekup Weir irrigation releases and on-farm sales varied
between 34 and 38 per cent, with mean of 35.6 per cent. An average of 35.6 per cent has
been assumed as a constant proportion of loss for each month.

Losses from on-farm water use are assumed to be irrigation tailwater and irrigation infiltration.

It is assumed 60 per cent of water is lost to evapotranspiration (plant water use and surface
water evaporation) in a flood irrigation system.

Tailwater (runoff) generated from flood irrigation is assumed to comprise 20 per cent of the on-
farm irrigation sales.

All tailwater is assumed to become part of the total stream outflow calculation from the CRID.

Irrigation sales data were available for the entire district and not for DoW sub-catchments
assumed in this report. An equal volume of water being released from each supply point has
been assumed in calculating the distribution of irrigation water throughout the CRID.

Based on the above assumption, irrigation water received by each subcatchment has been
calculated and proportioned for each supply point within the subcatchment and then multiplied
by the total irrigation volume sold.

‘Non-irrigation’ surface runoff is assumed to be the difference between known flows and the
total water balance for the catchment. Assumptions as to what comprises non-irrigation water
are made in the report.

1.4.2 Post-development scenario

Presented below are the assumptions applied to the irrigation district once the open-channel
system is replaced with a piped network.

»

»

»

»

The post-development water balance was based on maximum reduction of flow for each river
system.

Assuming the open channel system is replaced with a pipe network, water losses due to
channel evaporation, infiltration, and tailwater between Burekup Weir and on-farm irrigation
sales will be negligible: assumed as zero.

Efficient irrigation methods will reduce irrigation tailwater to negligible levels: assumed zero
contribution to streams.

Efficient irrigation methods will reduce irrigation infiltration to negligible levels due to maximum
plant uptake: assumed zero contribution to streams.

Collie River Irrigation System Plannning 10
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» Streamflow entering the CRID, Wellington Dam scour releases, environmental releases to the
rivers, and groundwater baseflow will be the same as those calculated for the pre-
development scenario.

15 Summary

This chapter has described the foundations from which the following two chapters have been
prepared. Following these two chapters will be a discussion on the overall water balance for the
CRID and the implications on water flow as a result of replacing the existing irrigation system with
a modern, water efficient distribution network.

Collie River Irrigation System Plannning 11
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2. Hydrogeology of CRID

2.1 Study area

The CRID is characterised by a flat alluvial plain mostly of clayey, low transmissive soil types and
dissected by constructed drainage channels. Groundwater flow is generally westwards from the
Darling Scarp and seasonal variations in the water table are in the order of 1to 2 m. The
groundwater regime moves from a recharge area up from the Darling Scarp to a discharge

scenario in the coastal plain across the CRID. Mean groundwater contours for the CRID are
shown in Figure 5.

The shallow unconfined Superficial aquifer is the aquifer closest to the surface in the area and
consists predominantly of clay and sand in the east and sand and limestone in the west and has a
saturated thickness of approximately 20 to 40 m. The Superficial aquifer is mostly recharged by
rainfall. Some recharge is attributable to irrigated water infiltrating the soil profile of flood irrigated
paddocks. Discharge from the aquifer occurs as baseflow to local watercourses, swamps (for
example the Benger Swamp) and the Leschenault Inlet. This occurs where groundwater
elevation is above the base of the water courses.

Inflow into the Superficial Aquifer also occurs from the Leederville Aquifer and from the Harvey
River Diversion Drain (Aquaterra, 2002).

The following discussion describes these hydrogeologic features, recharge, interflow (recharge
due to irrigation) and baseflow.

Collie River Irrigation System Plannning 12
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2.2 Groundwater recharge

Recharge in the CRID comes from two broad sources; infiltration of rainfall, and infiltration of
irrigation water into the soil profile. The underlying question is the relativity between the two.

2.2.1 Method

The method to calculating recharge initially involved compiling background
groundwater, supplied by the Department of Water for 47 boreholes within
the Lower Collie area (

Table 10, Appendix A). These are mostly monitoring bores constructed in the Superficial,
Leederville Yarragadee South and Cockleshell Gully Aquifers. The data were evaluated to
observe groundwater patterns, construction parameters, superficial and screened lithotypes
and collect available hydrogeochemistry data.

Specifically, the following approach was taken:

» Data was selected to define the depth of the bores and water level measurements. A total
of 3,600 water level measurements were available for the 47 monitoring bores. The
earliest data was from 1975 and the latest was recorded in June 2008.

»  The average monthly water levels for each bore were calculated. Groundwater level data
collection was observed to be completed at six monthly intervals and occurring in March,
April and September. There were occasional lapses in data collection within the overall
monitoring period.

»  From the monthly averages, the water level averages for each annual quarter were
calculated. The resulting water levels were used to plot groundwater contours for each
of the quarters. The data processing package Surfer was used to construct these
patterns.

» To compare the groundwater level patterns in all bores, the average monthly water level
for each bore was normalised, that is, for each monitoring location, the monthly average
was divided by the maximum water level for that bore. This calculation created a table in
which values were comparable between bores and highlights the range of values for
each bore.

»  Results for all the bores were plotted against the monthly average discharge from
Burekup Weir.

2.2.2 Recharge results

Quarterly averaged groundwater levels are shown in Figure 6 to 9. These gradients show
relatively little variation between seasons and that there is a preferential east to west flow
trend. Topography is a strong influence of the groundwater pattern with hydrogeologic
gradients generally skirting the contour levels, such as around the Benger Swamp in the
northern aspect of the CRID, Figure 6.

Collie River Irrigation System Plannning 14
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