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SYNOPSIS
THE NEED FOR THE STUDY
Since its inception in 1984 the Mt Marshall Land Conservation District
Committee (LCDC) has investigated and implemented various tree planting
and surface water management programmes in an attempt to control rising
groundwater tables and encroaching dryland salinity in the Beacon River
catchment (BRC). In 1998 current president, John Dunne decided that ‘deep
drainage’ and pumping would be required to lower the groundwater on his
farm in the Beacon River valley 6.5 km’s upstream of Job’s Lake. Mr Dunne
envisaged that Job’s Lake could serve as a natural evaporation lake for disposal
of saline groundwater.
In March 1999 cyclones Elaine and Vance dumped between 200mm and
375mm throughout the BRC over a period of 5 days. The resulting floodwaters
inundated large areas of remnant vegetation and land that had previously been
revegetated in an attempt to control salinity. Water levels in Job’s Lake rose to
around 4.5 metres in response to an inflow of about 7 million m3 of floodwater.
For the 12 months to February 2001 farmers in the BRC recorded as much as
1000mm of rainfall, which is 3-4 times the long term annual average for the
catchment of between 300-330 mm. At this stage Mr Dunne started
investigating the option of draining Job’s Lake, given the continual problems
with water-logging, flooding and ever encroaching salinity. Mr Dunne
approached GHD in August 2000 with a request for assistance to prepare a
submission to WA’s State Salinity Council for a whole-of catchment approach
to lower the groundwater levels. An initial estimate for a scheme was about
$1.4 million. The State Salinity Council offered the LCDC $100,000 to fund a
Feasibility Study of the “drainage” component of the scheme.
The Beacon River catchment is located along the north eastern fringe of
Western Australia’s Wheatbelt. Clearing of native vegetation, which started in
the 1920’s, together with periodic flooding by cyclonic activity during summer,
has resulted in rising groundwater tables, reductions in available surface water
storages and salinisation of some of the best agricultural land along the main
drainage or floodway through the catchment.
The main drainage route along which most of the salt affected or salt
threatened (SAST) sites are located is approximately 120 kilometres long and
typically 2-8 kilometres wide. SAST sites are already evident along 90
kilometres of main drainage route.
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GHD’s study outcomes indicate that intervention and management of current
and potential future SAST sites is required within the next 1-5 years to:
-

Prevent the loss of upwards of $35 million/annum of agriculturally derived
income.

-

Preserve the investment of more than $4 million in farming infrastructure.

-

Protect about 45,000 ha of good quality agricultural land.

-

Protect about 2,670 ha of surviving remnant vegetation.

-

Maintain the commercial viability of the towns of Beacon and Bencubbin.

-

Protect the long term livelihood of about 18 families living within the
catchment.

-

Prevent land degradation and the resultant depopulation of the catchment.

-

Prevent declines of essential services and the social fabric of the area.

-

Prevent declines in fauna/flora habitats, populations and species diversity.
GHD’S PART OF THE STUDY

Submission
GHD’s part in the submission phase was to determine precisely what
investigations were essential to a Feasibility Study and what could reasonably
be expected to be completed within a $100,000 budget limit. No funding was
available for this part of the exercise.
Appointment
Through the Mt Marshall LCDC, the Feasibility Study was funded by a
$100,000 grant from WA’s State Salinity Council, with a further $25,000
invested by the Grains Research and Development Corporation (GRDC) for
installation of groundwater monitoring piezometers, monitoring during the
project, survey of the piezometers and information management.
The project was managed by the Mt Marshall LCDC overseen by a ‘Reference
Group’, which consisted of representatives of the Department of Agriculture,
Water and Rivers Commission, CSIRO, Department of Conservation and Land
Management (CALM), the Avon Catchment Council, Mt Marshall Shire
Council, State Salinity Council, GHD Pty Ltd and five farmers representing
landholders in specific sections along the catchment.
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Scope Of Work
Aspects of the study covered by GHD at various levels of detail include:
-

Community consultation.

-

Study risk analysis and risk management.

-

Catchment flood hydrology.

-

Catchment hydrogeology.

-

Engineering scheme options.

-

Non-engineering options.

-

Impacts on conservation values.

-

Scheme cost-benefit analyses.

Studies Undertaken
Field programs to install shallow monitoring piezometers and soil test pits
along the main drainage route of the BRC commenced in December 2000,
assisted by the Department of Agriculture. Following this a community
consultation workshop, conducted on the 23 February 2001 culminated in a
Risk Management Workshop held in Northam on the 15 March 2001, and
subsequent preparation of a Risk Management Plan. The plan was developed to
guide investigations into potential options for controlling and limiting the
spread of dryland salinity in the catchment. The study considered engineering
and land and water management options, within a framework of social,
environmental and economic opportunities and constraints.
During the remainder of 2001 various technical studies were undertaken. These
covered aspects such as catchment flood hydrology, catchment hydrogeology,
the assessment of the potential for salinity to impact on conservation land
values, as well as proposed engineering and non-engineering scheme options,
conceptual designs and cost-benefit analyses. The feasibility of the proposed
schemes were carefully assessed against the available technical, economic,
environmental, social and political information made available through the
various project investigations and studies.
Investigations into suitability and cost-effectiveness of adopting nonengineering intervention schemes to control rising groundwater tables included
agroforestry, non-commercial tree planting, farming with perennials using
various crop rotations, saltland pastures and aquaculture. The studies
concluded that available research does not provide sufficient evidence to
warrant broad scale adoption of these options, at this stage. The main
constraints are the relatively long lead-in times (1-10years), financial risks and
uncertainties of the effectiveness of these options to make them attractive.
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Investigations of engineering options included phased implementations of a
central catchment drain combined with abstraction bores, with options for
disposal at salt-lake sites both inside (Job’s, Askew’s and McDermott lakes)
and outside the catchment (Lake Moore, Mollerin Lake and Lake Wallambin).
Cost-benefit ratios and payback return periods for five different engineering
schemes were shown to be sensitive to the agricultural operative profits figure
($50-$124.50 per ha) applied to the financial models. Except for one of the
schemes the cost for implementation of the schemes varied from about $10$14.5 million, resulting in derived benefits of between $14.25-$18.25 million,
calculated to the nearest quarter million dollars. Net cashflows, were calculated
to be between $2.75-$4.25 million. The payback periods for engineering works
could be reduced from about 30-35 years for most of the schemes to about 2025 years with higher operating profits.
GHD’s study outcomes clearly demonstrate the feasibility of implementing
engineering interventions to control and manage dryland salinity in the
catchment within the timeframes (1-5 years) considered available for
implementations to be successful. Delays in implementation would result in
ever increasing declines in the ‘rates of return’ and therefore the economic
feasibility of investments into management of dryland salinity in the
catchment.
GHD’s study outcomes further indicate that, if left too long, interventions,
irrespective of whether they would comprise stand alone engineering schemes
or integrated schemes comprising combinations of engineering and nonengineering options, would simply no longer be economically feasible. This
would make the case of ‘investment’ by government or private organisations
and farmers less attractive and accordingly, highly unlikely.
Recommendations
Given the potential feasibility of engineering schemes and the urgency for
immediate interventions to prevent the Beacon River catchment from sliding
into a situation of continuous and near-irreversible social, economic and
environmental decline, GHD recommends that a pilot engineering scheme be
implemented at one of several already heavily impacted sites. Trialling should
include an integrated scheme, combining both a central catchment drain,
abstraction bores and disposal at one of the larger salt-lake complexes.
To-date large scale trialling of engineering interventions have not been
successfully completed in Western Australia. The outcomes from trialling
engineering interventions in the Beacon River catchment could therefore
potentially have far-reaching implications in the race to find socially,
politically, economically and environmentally acceptable solutions to the
salinity problem.
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Piloting a predominantly engineering-based solution to the salinity problems in
the Beacon River catchment could provide opportunities to further both the
practical and scientific investigations of the performance, management,
maintenance and sustainability of catchment-wide drainage schemes, together
with the social, economic and political dynamics associated with
implementation, derived benefits, ownership and the mutual co-operation
between government and private organisations in dealing with the salinity
problems.
Reports
The reports produced during the course of the study underwent several sets of
revisions as new information became available, or as feedback was received
from the study Reference Group members. A list of report references is given
below, including the dates for the initial versions of the reports, as a guide to
the chronological order in which the studies were completed.
1

Risk Assessment Workshop (GHD document number 6110745, dated April
2001).

2

Flood Estimation in the Beacon River Catchment (GHD document number
27049, dated July 2001).

3

Phase I Groundwater Modelling Assessment of the Beacon River
Catchment (GHD document number 29000, dated July 2001).

4

Groundwater Analyses Undertaken In Support Of The Cost-Benefit
Analysis (GHD document 2940, dated November 2001).

5

Engineering Options (GHD document number 30370, dated November
2001).

6

Environmental Assessment of Vegetation (GHD document number 31139,
dated October 2001).

7

Cost-Benefit Analysis (GHD document number 31128, dated December
2001).

8

Feasibility Summary (GHD document number 31137, dated December
2001).
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Electronic Copies Of GHD’s Reports
Hard copies of GHD’s reports will not generally be made available due to the
relatively high cost of reproduction of the reports. Electronic copies of the
reports
can
however
be
downloaded
from
GHD’s
website
(www.ghd.com.au/beacon). Registration may be required for downloading.
Copies will also be made available through the Mt Marshall LCDC website
(www.beaconriver.com).
Any queries or additional details can be obtained from:
GHD Pty Ltd

Mt Marshall LCDC

Robey John Chipps

Mr John Dunne

Email rchipps@ghd.com.au

Email parakeelya@wn.com.au

Facsimile 61 8 9429 6555

Fascimile 08 96861005

Telephone: 61 8 9429 6666

Telephone 08 96861045
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Executive Summary
Five different engineering scheme options are considered in this report for
controlling and managing dryland salinity in the Beacon River Catchment. The
schemes are based on the concept of a central catchment drain located in close
proximity to the main drainage route through the catchment. The length of the
proposed central catchment drain varies between 21km and 90km, taking into
account priority areas that require urgent interventions.
Disposal inside the catchment at the larger salt lake complexes or playas such
as Job’s lake, Askew’s Lake and the McDermott Lakes complex are
considered. The potential application of using constructed evaporation basins
for disposal of saline lake and groundwater is also considered.
Proposed conceptual designs for open, shallow unlined and lined drains are
given together designs with for containment barriers or walls on either side of
the drains. The report also discusses aspects such as maintenance, fencing, the
need for erosion control structures, flood control structures, environmental
issues, capital costs for the schemes and the possibility of staged
implementations to reduce overall investment risks.
The study clearly shows that a near catchment-wide engineering scheme could
be implemented using a combination of drains and shallow dewatering bores,
while economic disposal of saline water would best be achieved by using
existing salt lake complexes inside the catchment for disposal. Environmental
issue are only briefly considered in this report but indicate that minimal
disturbance could be achieved if the salt lake complexes are used for disposal
rather than constructed evaporation basins. Potential environmental and flood
control impacts on the lake bodies could be introduced through a system of
lake inlet and lake outlet control devices, which could as simple as sluice gate
type structures.
Removal of existing floodwater in Job’s Lake for detention storage for
mitigation of flooding as well as reducing flood induced recharge to shallowing
groundwater tables was also considered. The study shows that pumping or
gravity feed to a central catchment drain or pumping to larger salt lakes
complexes outside the Beacon River Catchment, pose relatively high cost
barriers to implementation.
Cost estimates for the different schemes vary considerable, depending on the
cost of the structures and arrangement required. Cheaper schemes applying
only drainage and cross-over structures to protect approximately 75% of the
length of the main drainage route (70 kilometres of drain) through the
catchment could cost about $1.7 million dollars. A near catchment-wide
scheme with a drain about 90 kilometres long, drainage of existing floodwaters
in the lakes, disposal structures at the larger salt lake complexes and a
constructed evaporation basin at the southern end of the Mt Marshall boundary
could cost of the order of $3.8 million dollars.
Trialing a pilot drainage scheme is recommended to confirm actual on-site
conditions and the predicted performances of the proposed drain and scheme
element designs.
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1.

Introduction – Drainage Options

1.1

Background
This report describes the engineering options investigated for the removal of
lake water and saline groundwater from the Beacon River Catchment (BRC),
which is located within the Shire of Mount Marshall. The engineering
assessment forms part of the Beacon River Catchment Salinity Management
Project – Feasibility Study.
For the purposes of the current project, the BRC is divided into the Beacon
River North (North) and Beacon River South (South) catchments (refer to the
Flood Estimation Report for details). The drainage line, or main drainage
“route” tends to be poorly defined in both catchments, particularly along
sections of the main drainage route in the Beacon South catchment. The
Beacon North and Beacon South catchments gradients are, on average,
approximately 1:1000 and 1:2500, respectively.
Other ground slopes within the catchment are also very low, typically less than
2 degrees, even in the upland areas. As a result flows under average rainfall
conditions in the catchments are rare and limited, Any surface flows tend to
rapidly infiltrate and therefore the rate of recharge to groundwater is typically
high. This has raised groundwater levels, increasing the salinisation of the
upper soils.
Flooding of the main drainage route typically occurs as a result of extreme
rainfall events associated with cyclonic activity during summer. Flood induced
recharge serves to rapidly reduce available aquifer and soil stores, further
increasing the rate of rise in groundwater tables and subsequent salinisation of
good agricultural land, mainly along the main drainage route.
The main aim of the proposed engineering works would be to reduce the time
that water is held in a watercourse and provide a means to reduce groundwater
levels along the main drainage route, which is affected by shallow groundwater
tables.
The water to be removed by the proposed engineering works is expected to
arise from several sources including:
-

groundwater from the soils and near-surface sediments through which the
drain or sections of drains would pass;

-

discharge from shallow groundwater dewatering bores;

-

water pumped or drained into the arterial or central catchment drain from
low points of the Beacon River (as and when required and by individual
farmers);

-

surface floodwaters and water accumulated on lakes.
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1.2

Scope of Works
The works undertaken under this investigation comprise the following:
-

the assessment of a proposed central catchment drain along the Beacon
River valley (main drainage route);
the concept design of schemes to transfer water out of the Beacon River
Catchment;
the concept design of natural and engineered evaporation basins to dispose
of the drainage from the central catchment drain;
the preparation of preliminary cost estimates of the proposed works.
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2.

Drainage

2.1

Introduction
The primary function of the proposed drain, or sections of drain along the main
drainage route is to lower groundwater levels and convey saline water through
the BRC and so increase the potential for infiltration of rainwater on saline
land. This could possibly be achieved in two ways.
The first approach could be to excavate a drain large enough to carry all flows
that are generated in the catchment. This approach has been used elsewhere in
the wheatbelt catchments with variable success. The integrity of these types of
schemes is always at risk from storm runoff flows, which in the case of the
BRC, can be significant.
Alternatively, a smaller drain, designed to intercept a saturated groundwater
profile of between 1.8 and 2.0 m could be excavated to remove saline
groundwater alone. Surfacewater runoff would be prevented from entering the
drain by surrounding the drain on both sides with containment banks
constructed from the excavated spoil. The surface runoff would continue to
flow along the natural drainage line.
This alternative (the dedicated groundwater drain) is the preferred option for
the BRC as there are several factors that mitigate against the large drain option.
The quantity of excavation would be higher for a deep drain and hence the cost
would be higher. The flows in the large drain would be significantly greater
and flow velocities would be higher, with the potential for more erosion and
therefore a greater maintenance requirement.
The sources of water to be handled by the proposed drain would be
groundwater seepage, water pumped from groundwater by dewatering bores
and/or lateral drains plus surfacewater discharged into the drain and
accumulated surface runoff.
The design parameters for the groundwater drain can be summarised as
follows:
-

the drain invert would be set at a depth of 1.8 to 2m below natural surface,
assuming a groundwater tables close to surface;

-

overland flow would be prevented from entering the drain by banks
constructed from spoil excavated from the drain. These banks would be
formed on either side of the excavated channel. Crossings would be
provided to allow the passage of the overland flow and vehicle access
across the alignment of the drain;

-

the drain could be located within the estimated extent of the 1:100 year
flood, but the top of the protective banks would be maintained above the
estimated flood level;
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-

the drain cross section would be determined by ground conditions
encountered on site. For the purposes of the Feasibility study a cross
section shown on Figure 2.1 has been adopted. Note that side slopes of 1 in
0.5 have been adopted for the drain. A recent inspection of drains in the
Wongan Hills/Ballidu area (see Appendix B) showed that drain side slopes
of 1 in 0.5 constructed up to 15 years ago, have remained relatively stable.
It is proposed that the same slope would be adopted;

-

where the drain crosses areas of permeable soil, outflow to the soil strata
could be achieved by such means as an impermeable membrane lining to
the drain or other alternative method. See Figure 2.1 for a possible cross
section;

-

the parameters described above were adopted for the purposes of this
report. The implementation of the drainage (design and construction)
should follow an approach that allows the testing of different options for
‘elements’ of the scheme. These elements include, for example, drain
depth and side slopes, crossing design, velocity control structures and
method of construction.
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2.2

Drain Cross Section

2.2.1

Side Slopes

Unlined Drain
As noted above, the drain cross section proposed for the unlined drain is as
shown in Figure 2.1, with 1 in 0.5 side slopes. Flatter side slopes may be
appropriate in less cohesive material. For example a side slope of 1 in 2 or 1 in
3 may be appropriate in sandier ground, depending on the potential for bank
erosion. Similarly adoption of a stepped side profile in areas with cohesive
materials should also be considered. This has the advantage of providing
horizontal surfaces for plant colonisation but the disadvantage of a higher cost
of construction. These options should be assessed at the time of construction.
The estimated capacities of the drain cross sections described above are in
excess of 3m³/s at a slope of 1 in 1000. This is well in excess of the estimated
maximum flow from dewatering bores and seepage entering the drain. This is
estimated at 3L/s per kilometre length of drain, totalling 0.3m³/s for the full
length of the proposed drain (approximately 90-100 kilometres).
Lined Drain
Lining for the drain is discussed in Section 2.3. Both reinforced and unreinforced options are available. Where an un-reinforced lining is installed the
recommended steepest slope should be about 30 degrees, approximately 1 in
1.5. Reinforced liner has the advantage in that it can be installed against a
vertical wall.
2.2.2

Spoil Banks

It is proposed that material excavated from the drain should be dumped from
the excavator bucket on both sides of the drain. The banks so formed will then
act a diversion bank to prevent surface flow from entering the drain. In time
the dumped material will settle, perhaps as much as 50% of the original height.
This should not matter providing there is adequate initial depth of material and
that a relatively even bank is formed, without gaps and low points. Equally,
where the banks pass through a flood plain, the lowest point of the bank should
be above the estimated 1:100 year flood level.
At crossover structures (see Section 2.4) the banks would need to be
compacted on the faces against which the overland flows pass. The enclosing
banks would divert overland flows to the crossovers. Flow velocities through
the crossovers would be higher than elsewhere. It is considered that some
compaction would need to be applied to the face against which the flow passes.
It is further suggested that the excavator bucket be used to push down the
dumped material after it has been placed. This or a similar technique should be
adequate to ensure that the bank would divert the overland flow for the
duration of the flow event. A program of regular inspections of the banks at the
crossovers is also recommended.
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2.3

Liner
Where the drain passes through areas with relatively permeable soil and fresh
groundwater, an impermeable liner would need to be installed in the drain to
prevent saline water in the drain from contaminating fresh groundwater. The
liner would need to extend from the top of one bank through the invert of the
drain to the top of the opposite bank.
There are different types of liner available, including flexible materials such as
PVC, polyethylene (PE) and polypropylene, and rigid types, such as concrete.
A flexible type of liner is considered the most appropriate for the BRC
situation, being considerably cheaper than a rigid type. Of the flexible options,
the polypropylene is considered superior to the others. It has a lower coefficient of linear thermal expansion than PE and will therefore move less as
temperatures change. It is stronger and more tear resistant than PVC. It can be
used in thinner sections of drain than the other materials and hence it is the
recommended option for the BRC situation. The ends of the liner would need
to be anchored in trenches excavated in the earth about 1m beyond the edge of
the slope (see Figure 2.1).
Polypropylene is available in un-reinforced and reinforced versions. The
reinforced option is approximately double the cost of the un-reinforced
material. The reinforcing is primarily to prevent the liner from stretching.
This would occur for example in a tank where a vertical wall is to be lined or
on a steep slope. Provided the slope is less than about 30 degrees the unreinforced liner should be satisfactory.
The liner is usually fabricated into large panels in the factory. These are then
field welded to form a virtually continuous lining in the drain.
There are disadvantages to the use of a liner. The principal of these relates to
the need to regularly remove silt build up from the drain. Operators involved
with the construction and maintenance of such drains recommend that the
drains be inspected regularly for sediment accumulation. Experience has shown
that removal of sediment may be required at between 5 and 10 year intervals.
The relatively fragile nature of the liner material means that it is often too risky
to attempt a clean out a lined drain. A further disadvantage is the high cost of a
lined drain, compared to that of an unlined drain.
Protection could be provided to a liner through the placing of an earth cover on
top of the liner. There is a cost penalty in the use of a protective cover. For
example, if the cover is 500mm thick the excavation cost would increase by
70%, the liner cost by 20% and there would be the added cost of the placing
and compaction of the earth lining. The compaction is likely to be difficult to
achieve. However the concept is worth assessing in the early stages of the
project, depending on available funds.
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An alternative to an open lined drain across any permeable soil zones is a
pipeline. A practical pipe size, minimising the potential for blockage, but not
excessively expensive, would be in the range 450 to 600mm in diameter. The
actual size would need to be determined by consideration of the location for
installation in the catchment and the potential for blockage of the pipe by
debris and silt. Nevertheless an open drain would have a lower potential for
blockage, an important consideration in operating and maintaining a drain.
A further option to a lined drain is low pressure lay flat hose. This is typically
used in irrigation applications, such as sugar cane plantations. It is extremely
low pressure, and is described by a local agent as “virtually a long shopping
bag without ends”. It is invariably used once only and would not be suitable for
the proposed engineering schemes for the BRC. More robust lay flat hose is
available in diameters up to 200mm, which are considered too small for the
schemes under consideration for the BRC.
The options for the lining of the open drain should be trialed during the early
stages of the project.

2.4

Structures
To prevent the ingress of overland flow from higher ground, spoil banks should
surround the main drain. At various locations, overland flow should be allowed
to pass over the drain. These crossings could comprise a pipe to convey flow
in the drain beneath the flow path of the diverted overland flow. The containing
banks could be constructed around the ends of the pipe culvert to ensure that no
flow enters the open drain.
The proposed crossings would also act as access ways across the drain for farm
machinery, maintenance inspections and livestock.
Crossings will be generally at locations where tributary flows enter the main
channel of the Beacon River, and at other locations as appropriate.
Figure 2.4 details the arrangement of the proposed structures.
There is potential for a pipe type culvert to become partially blocked with silt.
For this reason it is considered that a silt trap should be excavated at the
entrance to and exit from a pipe culvert to trap sediment brought down by
larger flows. The trap, simply a hole in the invert of the open drain, could be
emptied by backhoe at regular intervals.

2.5

Fencing
Open drains would need to be fenced only where livestock are part of the farm
operation, to prevent stock damaging the banks of the drains or becoming
trapped in the drain. Within the fenced area access could be provided along
either side of the drain for maintenance purposes. With a recommended clean
out interval for the drain of a minimum of 5 years, it may be appropriate to
omit the access ways, construct the fence closer to the drain and use the land so
“saved” for cropping.
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Clean out of the drain would then require temporary removal of the fence. It is
considered that the matter of safety and fencing would best be the province of
individual farmers.
A deeper drain would require a wider corridor, but the actual width would
depend on the depth of the drain and the side slopes that could be allowed. In
rock, for example, near vertical sides may be possible.
Where possible the alignment of the drain could be selected alongside a section
of existing fence, thus reducing costs.

2.6

Erosion and Sediment
A disadvantage of the use of steep sided deep drains is the erosion that can
occur along the banks of the drain. Examples of drains excavated some years
ago in the Wongan Hills area (refer Appendix B) with relatively steep sides
appear to be in good condition with minimal erosion. Nevertheless during the
inspection erosion was noted in various locations and sediment had deposited
downstream, partially blocking waterways. The examples inspected were on
drains that had been constructed to carry the majority of flow in the valley. It is
anticipated that flow rates and velocities in these drains are higher than in a
drain dedicated to groundwater removal only. Nevertheless it is still
anticipated that some erosion would occur in shallower and smaller
groundwater drains.
To ensure that the proposed drainage systems are correctly costed, an
allowance was included in the calculation of recurring costs for the removal of
accumulated sediment.
The proposed approach of tailoring drain side slopes to suit the material
through which the drain is being constructed should reduce the potential for
erosion. Similarly the proposed concept of “trialing” a section of drain and
modifying the approach for future sections would also allow experience gained
to benefit future construction.
An additional potential source of erosion could be the overtopping of the spoil
banks either side of the drain. As noted these will prevent overland flow from
entering the drain. The banks should provide protection up to a certain flow
but there may be occasions when the containment banks are overtopped and
large flows enter the drain. The potential for damage downstream of any
ingressions into the drain could be minimised by the construction of rockfill
barriers at intervals in the drain. The fill would need to be sized to allow
passage of drain flows, but greater flows would be restricted, reducing erosion
potential.
Alternatively, the pipe beneath the crossings could be sized to act as a
‘constriction’to larger flows. However, outlet velocities would be greater from
the pipe than from a constructed rock barrier. The rock structure has the
potential to get blocked by silt and debris but this could be addressed through
regular maintenance. Detailed consideration should be given to the above
concepts in the final design process.
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3.

Disposal By Evaporation

3.1

Evaporation Loss
The climate of the Beacon-Bencubbin area is suitable for the disposal of excess
water by evaporation. The mean annual evaporation rate (MAE) is estimated to
be 2,900mm, while the mean annual rainfall (MAR) is about 300 to 330 mm
per year. The net loss to evaporation of fresh water is therefore about 2,600mm
per year. A rate in the range 1300 to 1800mm should apply to saline water
expected in the drainage system, as saline water has a lower evaporative
potential than fresh water. Significant losses occur from areas where the saline
groundwater has reached the surface, such as the lake sites including Askew’s
lake, Job’s lake and the McDermott’s lakes system. Alternatively, a
constructed basin could also be used to dispose of saline water.
As noted elsewhere the estimated maximum flow rate in the main drain from
seepage and groundwater pumping is estimated to be about 3L/s per kilometre
length of drain. However the average rate from drainage is estimated to be
50m³ per day for each kilometre length of drain. Over a length of 108km this
should produce about 2,000ML in a year and the average salinity of the
groundwater could be as high as 30,000mg/L. From data prepared by the
Department of Agriculture WA (“Evaporation Basin Guidelines for Disposal of
Saline Water”, Miscellaneous Publication 21/99), it is estimated that an
evaporation area of 220ha would be required for the disposal of 2,000ML per
year. Rates and volumes of for disposal are expected to reduce with time, to
what extent is uncertain at this stage. This is partly the reason for advocating
trial drainage.
The procedure outlined in the Department of Agriculture’s publication is
believed to be conservative. The same method could be adopted for the
estimation of evaporation loss from the lakes. Such an approach is considered
reasonable given the generally poor understanding of evaporation loss from
natural saline lakes and playas.
These two means of disposal (constructed basins and lakes) are considered in
more detail in the following sections.

3.2

Constructed Basin
A basin 1.5km square forms an area of 220ha, sufficient to dispose of the
estimated flow from a shallow 108km drain. According to the Department of
Agriculture WA ‘Guidelines’ this area would probably have a 50 year life,
depending on the rate of accumulation of salt in the basin. For example, an
annual flow of 2,000ML, with a 30,000mg/L salt loading, would produce about
60,000 tonnes (say 40,000m³) of salt a year. This accumulation would limit the
life of the basin.
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A consideration applying to disposal by evaporation is the land requirement. It
is possible that evaporation basins could be constructed on land already
alienated by salinisation. However, if investigations show this not to be the
case, it may be necessary to construct evaporation basins on land adjoining the
saline affected land. Such a requirement may result in significant loss of
productive farmland.

3.3

Existing Lakes
Water standing in a lake provides the opportunity for enhanced infiltration and
recharge of surfacewater to groundwater, with the result that shallow water
tables could remain at these sites. Rapid removal of accumulated surfacewater
by drainage and disposal downstream would reduce this potential.
However, the existing natural lakes and salt pans in the BRC already provide
powerful engines for the removal of water through evaporation. It is considered
that use should be made of these natural evaporative features in the landscape.
Removal of excess water in a lake considered for evaporation could be a
controlled operation, through the maintenance of a ‘maximum’ depth of water
on the lakes. Inlet and outlet control structures could maintain the water depth
to avoid surcharge and overflow problems. The lakes would remain available
to act as a detention storage’s in the event of a major flow or flood in the BRC.
There are two main salt lake sites of interest at present for the disposal of
drainage. These are Job’s Lake and the McDermott Lakes complex. Askew’s
Lake and a number of smaller salt lakes located along the main drainage route
could potentially also be considered as disposal options. As noted above the
required area for disposal of the predicted drain flows from a catchment-wide
scheme is estimated to be 220ha.
There is more than sufficient area available at the lake sites currently
considered for disposal to meet the requirement of 220 ha. For example, if the
water level on Job’s Lake is controlled at RL 335m AHD, the surface area
would be about 110ha, and the maximum depth of water about 2m. This would
be sufficient area to dispose of the estimated drainage from a 54.4km section of
drain upstream of Job’s Lake.
It is estimated that the area of playas forming the McDermott Lakes complex is
in excess of 300ha. Some of these lakes could be used for disposal of drainage
from a drain between Job’s Lake and the lakes complex. A small constructed
basin could be built at the southern boundary of the LCDC to dispose of the
drainage from the valley downstream of the Lake McDermott complex. There
are other combinations of this arrangement using, for example a smaller
portion of Job’s Lake or Askew’s Lake for disposal.
Other considerations are relevant. The McDermott lakes are located in a Shire
Reserve, an area of significant remnant vegetation. The design and construction
of any control works would need to take account of this.
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A further design consideration is the potential for combining the functions of
disposal and recreation. For example the McDermott playa known as Ski Lake
could be modified to act as one of the major disposal lakes. With a control on
the outlet the water level could be maintained at a higher level than at present
to allow the lake to be used for boating.

3.4

Disposal of Salt
Salt will accumulate on the areas where disposal takes place. To maintain the
longer term viability of the disposal area the salt would need to be harvested.
This could be a relatively straightforward operation on a constructed basin in
which the floor could be compacted to reduce permeability. However removal
from the natural salt lakes may be less simple, as the lake floors are likely to
comprise softer material, potentially unsuited to harvesting equipment.
Options for disposal of salt include:

3.5

-

leave in place and construct a new basin (this could be the cheapest option,
depending on land values);

-

harvesting for sale (considered an unlikely proposition, unless a local
market can be found);

-

harvesting and carting to an appropriate disposal area such as a salt pan or
other area (cartage costs are high); and

-

exporting of salt downstream, in the event of a regional drainage network
being implemented.

Estimated Costs
As noted, a constructed evaporation basin serving the 108km length of the
valley currently affected by shallow saline groundwater would require an area
of about 220ha. The earthworks for such a basin, 2.2km by 1km in extent, are
estimated to total 120,000m³. At an estimated cost of $8/m³ for an engineered
design and construction, the total cost will be of the order of one million
dollars. A square or circular basin may require less earthworks, but an
elongated shape, aligned along the valley, is considered to be the most
appropriate form to minimise embankment heights. This is because the slopes
along the valley are generally less than those across.
Staged construction, based on the length of drain served and the flow rate
revealed by the first stages of construction of the scheme, could improve the
economics for implementation of a larger scheme over time. For example, a 10
km length of drain may be built initially requiring one 22ha cell at about 15%
of the cost of a basin serving the whole of the valley. Other lengths of drain
will require different size evaporation basins and allowance has been made for
this in the cost estimates for the schemes.
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The costs of the works required for the modification of the existing lakes are
subject to greater variation than other estimates as the relative levels of the
inflow and outflow channels to the individual playas forming the McDermott
Lakes complex are critical, but were not available for the Feasibility study.
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4.

Scheme Options

4.1

Introduction
Several options have been developed for engineering solutions for the removal
of saline groundwater and lake water from the BRC. These are summarised in
Tables 4.1.1 - “Purpose of and Proposed Actions for Engineering Scheme
Options” and 4.1.2 – “Considerations Related to the Engineering Scheme
Options”. The options are described in more detail in the following paragraphs.
Brief comments on the environmental issues related to the engineering scheme
options, are also outlined in the two Table 4.1.1 and Table 4.1.2. More detailed
considerations of environmental issues are outlined in project environmental
report (GHD document number 31139, dated October 2001). For detailed
consideration of environmental matters see the environmental report.
Note that several of the engineering scheme options do not provide the same
level of service (drainage). For example Scheme 1 provides 21km of deep
drainage and a system to dewater Job’s Lake by pumping. No disposal of
drainage downstream of Job’s Lake is included. On the other hand, Scheme 5
provides for deep drainage over nearly the entire length of the valley with
disposal of drainage within the Mt Marshall LCDC area, by evaporation from
salt lakes and a constructed basin.
The different schemes represent different potential “options” and take into
account possible staging of implementation of drainage/pumpage schemes,
depending on the locations of priority areas requiring dewatering and the
availability of funds for piloting schemes. A brief description of the main
characteristics of each scheme is given below:
Scheme 1 – Pumping from Job’s Lake
This is a scheme which would be useful for a pilot scheme to trial the
performance and effectiveness of a regional drain within the Beacon River
Catchment, while draining the area possibly most under threat of rising
groundwater tables in the catchment at present. This scheme also serves to
reduce the potential threat of flood induced recharge effects on valuable
agricultural land above Job’s Lake, in the event of a 1 in 10 year or larger flood
event in the near future (less than 5 years).
Scheme 2 – Gravity Drainage, Bypassing Job’s Lake
This scheme could be viewed as “ a start” or “extension” to a regional arterial
drain network for disposal of saline water downstream of the Mt Marshall
Shire boundary. This option could be considered the cheapest possible option
for implementation of a central catchment drain, as it does not include removal
of existing floodwater from Job’s Lake.
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Scheme 3 – Open Drain and Pumped Drainage of Job’s Lake
This scheme includes removal of existing floodwater from Job’s Lake by
pumping the water into a drain that bypasses the lake. It is a relatively
expensive option but attractive from the point of view of minimal
environmental disturbance and no requirement for installation of permanent
structures at the lake site.
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Table 4.1.1: Purpose of and proposed actions for engineering scheme options
Schemes
Purpose

a)

b)

Actions

a)

b)

Scheme 1
(Figure 4.2.1)
Remove existing
flood water in
Job’s Lake only, to
increase the flood
attenuation
capacity of the
lake.
Reduce the
seepage entering
Job’s Lake and
lower the
groundwater tables
upstream of the
lake.

Pump water from
Job’s Lake to
Mollerin Lake.
Install a drain from
about Scotsman
Road INTO Job’s
Lake.

a)

b)

c)

a)

b)

Scheme 2
(Figure 4.3.1)
EXTEND the
Scheme 1 DRAIN
from Job’s Lake to
the Shire boundary.
Leave the existing
flood waters in Job’s
Lake to evaporate
naturally.
Reduce the baseflow
components
(seepage) entering
the main salt lakes,
by draining upstream
sections of the main
channel route and
diverting the
drainage around the
lakes.
Install a drain from
about Scotsman
Road to Job’s Lake.
Extend the drain
from Job’s Lake to
the Shire boundary,
BYPASSING Job’s
Lake.

a)

b)
c)

a)

b)

c)

d)

e)
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Scheme 3
(Figure 4.4.1)
DRAINAGE is the same
as for Scheme 2 (Scotsman
Road to Shire boundary).
Keep Job’s Lake dry to
increase the lake’s flood
attenuation capacity.
Keep the costs for
removing water from Job’s
Lake to a minimum in
terms of capital
expenditure (CAPEX)
costs.

Install a drain from about
Scotsman Road to Job’s
Lake (Section 1).
Extend the drain from
Job’s Lake to the Shire
boundary, BYPASSING
Job’s Lake.
PUMP the water from
Job’s Lake into the
downstream sections of the
catchment drain using a
temporary pump facility
(hire basis).
REPEAT the PUMP OUT
exercise following flood
events with ARI’s of
greater than about 1 in 10
years.
No specific disposal
options included.

a)

b)
c)

a)
b)
c)
d)

e)

f)

Scheme 4
(Figure 4.5.1)
DRAINAGE same as for
Scheme 2 and Scheme 3
(Scotsman Road to Shire
boundary).
Keep Job’s Lake dry to incre
the lake’s flood attenuation
capacity.
Adopt a more permanent
costly option for removing w
from Job’s Lake.

Install a drain from about
Scotsman Road INTO Job’s L
Construct an outlet structure
channel through the topograp
divide below Job’s Lake.
Extend the drain from Job’s L
to the Shire boundary.
RELEASE the water from Jo
Lake into the downstream sec
of the catchment drain.
REPEAT the RELEASE exer
following flood events with A
of greater than about 1:10 yea
No specific disposal options
considered.
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Table 4.1.2: Considerations related to the engineering scheme options
Schemes

Engineering
and Hydrology

a)

b)

c)

Environmental
Impacts

a)

b)
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Scheme 1
(Figure 4.2.1)
Pumping to Lake Moore
is further and more
expensive than pumping
to Mollerin Lake.
Installing a pipeline to
Mollerin Lake for a
once-only emptying of
Job’s Lake would be an
expensive option.
Drain water collected in
Job’s Lake will
evaporate naturally,
during average and low
rainfall periods.

Impacts of disposal at
Mollerin Lake would be
insignificant. Most of the
water will evaporate and
land adjacent to the lake
should not be affected.
Conveyance should be
via buried pipeline
therefore minimal
environmental damage
will occur along pipeline
route.

a)

b)

c)

a)

b)

c)

Scheme 2
( Figure 4.3.1)
NO allowance for disposal
inside the catchment, i.e.
regional arterial drainage
option with disposal
outside the catchment.
Drainage upstream of
Job’s Lake should reduce
the baseflow component to
Job’s Lake.
Job’s Lake should dry out
naturally in 5-10 years, if
there are no major floods
in this period.

Only the areas
immediately adjacent to
the drains would be
permanently impacted.
The drain corridor would
need to be fenced and
grassed following
construction.
The drain route would be
optimised to keep
environmental impacts to a
minimum.

a)

b)
c)

d)

a)

b)

Scheme 3
(Figure 4.4.1)
A pipe or lined drain would
be required for a distance of
about 11km’s downstream of
Job’s Lake to prevent saline
water from raising water
tables along this section.
Drainage upstream of Job’s
Lake should reduce seepage
into the lake.
The lake should remain dry
during average rainfall
years.
Job’s Lake should only
require emptying once every
10-20 years, if climatic
conditions do not change
rapidly in the short term.
A piped drain has the
advantage of being buried
with less disturbance to
agricultural production, but
is more expensive than an
surface unlined/lined drains.
Impacts associated with
transfer of saline water
downstream would be
insignificant, as much of the
route is already impacted by
salts and shallow
groundwater tables.
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Scheme 4 – Open Drain and Gravity Drainage of Job’s Lake
The cheaper version for Scheme 2, using an outlet structure to gravity feed the
water in Job’s Lake into the bypass drain.
Scheme 5 – Open Drain with Lake and Both Evaporation
This is the most comprehensive and holistic scheme, benefiting over 80% of
the length of the catchment floodway. It is attractive from the point of view
that saline water could be effectively disposed of inside the catchment,
potentially without significant cost or impacts to the environment.
Cost estimates for the five Schemes are detailed below, as well on the figures
for the appropriate schemes (Figures 4.3.1-4.6.1). The estimates include a 20%
allowance or contingency and engineering and should be considered to be
accurate to +/- 25%. Detailed estimates are given below while Appendix A
contains sources of data used for deriving the cost estimates.

4.2

Scheme 1 – Pumping from Job’s Lake

4.2.1

Scheme Outline

Scheme 1 (Figure 4.2.1) comprises the construction of about 21km of deep
drain, extending upstream from Job’s Lake to the vicinity of Scotsman’s Road.
The drain would discharge to Job’s Lake. Water would be removed from the
Lake by a permanent pump installation and discharged to Mollerin Lake.
The works proposed for the pump station are set out below:
-

a pontoon supporting the pumps and the electrical control gear;
two duty pumps (no standby) with a combined duty of 250 L/s at a head of
70m;
- civil engineering works associated with the pumps, including an earthfill
causeway for access to the pontoon;
- electrical controls and switchboard at the station;
- power supply to the pumps from nearby power lines or alternatively a
diesel generator set;
- a buried discharge pipeline from Job’s Lake, generally via existing road
verges, to Mollerin Lake, a distance of about 26.7km. The pipe required
will be a DN 630 (630mm diameter) polyethylene pipe of various pressure
ratings, depending on the elevation of the pipe in the landscape. As an
alternative to locating the pipeline along the road reserves the alignment
could be inside fence lines, thus preserving any vegetation on road verges.
Note that no allowance has been made for drainage south of Job’s Lake in this
scheme option.
4.2.2

Pump Rate

As noted elsewhere in this Report the estimated maximum rate of conveyance
by a deep drain is a maximum of 3L/s per kilometre length of drain (259
m3/km/day). There is potential for a deep drain about 50 to 55 km in length to
discharge in the vicinity of Job’s Lake. The maximum flow rate would thus be
in the vicinity of 200L/s (17,280 m3/day). Allowing for peak flows, a rate of
250L/s has been adopted for sizing the pumps drawing from Job’s Lake.
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At the time of writing the water level on Job’s Lake was about RL 337.2
mAHD and this indicates a stored volume of about 6 million cubic metres,
based on the available stage height – storage relationship data for the site. If it
is assumed that water is removed from the Lake down to RL335
approximately, the maximum depth of the lake will be about 2m. The surface
area would be about 110ha and the volume of water remaining, 2,000,000m³.
Neglecting the effects of evaporation the time required to remove the 4 million
cubic metres at a pumping rate of 250L/s is about 6 months. In practice, the
removal is expected to take less time than these figures indicate, as they are
based on the maximum rate for drainage inflows into the lake.
Figure 4.2.2 shows the longitudinal section of the proposed route from Job’s
Lake to Mollerin Lake.
4.2.3

Disposal Location

Alternative disposal locations have been identified at Mollerin Lake and Lake
Moore. Discharge to Mollerin Lake is preferred as the distance is less. A
scheme to transfer water to Lake Moore will be similar in concept to that
described for the disposal to Mollerin Lake, but the distance is over 56km,
compared to 26.7km. Thus the Lake Moore option will require significantly
higher head pumps and sections of high head pipeline, possibly of a larger
diameter. As a result the capital and operating costs will be higher, over double
the cost for the Mollerin Lake option.
4.2.4

Effects of Discharge

The proposed discharge of saline water from the Beacon River Catchment to
Mollerin Lake is likely to have a negligible effect on the Lake. Mollerin Lake
is about 40km² in area and the discharge of the existing 6 million m³ currently
in Job’s Lake will be equivalent to a depth of 150mm on Mollerin Lake, if the
entire volume in Job’s Lake was deposited on Mollerin Lake instantly. The
estimated annual discharge from the 55km of drain upstream of Job’s Lake is
1,000,000m³ and this is equivalent to a depth of 25mm. The mean annual
evaporation in the area is about 3m, well in excess of the discharged additional
depth of water. Similarly the discharge of the additional water to Lake Moore
is likely to have insignificant impact.
4.2.5

Estimated Capital Cost

The estimated capital cost of Scheme 1 is set out below:

(a) Pumps, controls and pump pipework

$222,000

(b) Power source (from local power lines or a generator set)

$300,000

(c) Civil works (pontoon and access causeway)

$216,000

(d) Permanent delivery pipeline to Mollerin Lake (26.7km)
(e) Open drain (21.0km), with 10 crossovers
TOTAL
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$6,060,000
$150, 000
$6,950,000
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4.2.6

Estimated Annual Cost

An initial cost of about $220,000 would apply for the removal of the
4,000,000m³ of water, present at the time of writing, on Job’s Lake. In
subsequent years the pumps would be required to discharge an estimated
400,000m³/annum from the 21km of drain. The estimated annual cost of this is
$25,000. It should be noted that the longer term performance of the central
catchment drain is uncertain at present. It is however anticipated that discharge
rates will decrease with time under average rainfall conditions, and therefore
the annual cost for disposal should accordingly decrease.
There would also be ongoing maintenance and replacement costs, which are
detailed in the study Cost-Benefit Analysis report (GHD document number
31128, dated December 2001).
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4.3

Scheme 2 – Gravity Drainage, Bypassing Job’s Lake

4.3.1

Scheme Outline

Scheme 2 (Figure 4.3.1) comprises mostly open drains. Under this scheme an
open drain would extend from the southern boundary of the Mt Marshall
LCDC north to Scotsman Road, a distance of about 85km. Ultimately (refer
Scheme 5) the drain would extend north and east to a point east of Dalgouring
Road, a further 30.5km. Allowance should be made for the upstream section in
the design of the sections further downstream.
The drain has been assumed as a 1.8 to 2m deep unlined drain with crossovers
at intervals, except for a 15km section, south of Job’s Lake, that would need to
be lined.
The open drain would be located to bypass Job’s Lake and Askew’s Lake.
South of Job’s Lake, in the vicinity of Grant, Perry and Walker Roads, there is
an area of land that is not impacted by higher groundwater levels, at this stage.
There would therefore be no requirement for deep drainage along this section
at this stage. Further, to avoid the possibility of infiltration from an unlined
drain increasing the rates of rise of local groundwater tables, the drain would
need to be lined through the area. It is assumed that 15km of lined drain would
be required. A pipeline could also be an appropriate conduit through the 15km
section, but the cost would be significantly greater than that of a lined drain. A
pipe would also be prone to blockage.
The scheme gives no consideration to removing existing floodwaters in Job’s
Lake or to the removal of future accumulations.
Note that no allowance has been made in this Scheme for the disposal of
drainage at the southern boundary of the Mt Marshall LCDC. This option
therefore reflects the case of a regional catchment drain for the Beacon River
Catchment “linking” to an arterial regional drain network, downstream of the
southern boundary of the Shire of Mt Marshall.
Floodwaters that accumulate on Job’s, Askew’s or any of the lakes in the
McDermott Lakes complex would need to be removed by temporary pumps
discharging into the drain. An allowance for this is included in Scheme 3 cost
estimates.
4.3.2

Estimated Capital Cost

The estimated costs of the open drain works described above for Scheme 2 are
as follows:
(a) Open unlined drain, 70km, with crossovers

$534,000

(b) Open lined drain, 15km with crossovers

$816,000

TOTAL
4.3.3

$1,350,000

Estimated Annual Cost

The annual costs for this Scheme would be of a similar order as those of
maintenance and replacement described elsewhere.
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4.4

Scheme 3 - Open Drain and Pumped Drainage of Job’s Lake

4.4.1

Scheme Outline

The works that would be constructed for this Scheme (Figure 4.4.1) are the
same as for Scheme 2, with the additional works required to remove drainage
from Job’s Lake. The water removed by pumping would be discharged into the
drainage channel bypassing Job’s Lake.
It is expected that the need for the removal of water from the Lake would be
episodic and that the pumping equipment would be brought in on an “as
required” basis. A generator set would provide the power source. The pipeline
would be a permanent fixture.
Again no allowance has been made for the disposal of drainage at the
downstream end, the southern boundary of the Mt Marshall Shire.
4.4.2

Estimated Capital Cost

The estimated capital cost of Scheme 3 is as follows:
(a) Open unlined drain, 70km, with crossovers as 4.3.2(a)
(b) Open lined drain, 15km with crossovers as 4.3.2(b)

$1,224,000

(c) Civil works

$184,000

(d) Pipeline

$360,000

TOTAL
4.4.3

$500,000

$2,268,000

Estimated Annual Cost

Annual costs for the operation of this Scheme would be the hire of pumps and
generator set for the episodic pumping of water out of Job’s Lake and the
ongoing pumping costs.
The estimated cost for power for the once only removal of water from Job’s
Lake is $130,000. The removal of water from the Lake following large storm
events is estimated to cost about $70,000, say once every 5 years on average.
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4.5

Scheme 4 – Open Drain and Gravity Drainage of Job’s Lake

4.5.1

Scheme Outline

This scheme (Figure 4.5.1) is the same as for Scheme 2 but with a gravity
outlet from Job’s Lake to the drainage channel. The outlet could be either an
open drain or pipeline but the open drain is preferred as it will be cheaper and
less prone to blockage by silt and debris. The outlet would pass through the
high ground between Job’s Lake and Askew’s Lake.
Gravity flow through this high ground would necessitate a buried pipeline or an
open cut drain. The depth of the drain (both pipe and open drain option) would
depend on the level at which the inlet to the drain is set in Job’s Lake. For
example, if the drain’s invert level at its inlet in Job’s Lake is set at RL 337
mAHD and it discharges at RL 332 mAHD, the maximum depth of excavation
would be about 7.2m and the average depth 5.4m. A lower drain to remove all
water from the lake would have an invert level of RL 334 mAHD,
approximately, and would require an excavation to a maximum depth of over
9m.
Excavation to these depths may encounter rock, requiring expensive blasting.
Note that it has been assumed that the open drain through the high ground
immediately to the south of Job’s Lake does not require lining. If it is
determined that a liner is required costs would be higher.
Again no allowance has been made for disposal of drainage at the southern
boundary of the Mt Marshall Shire.
4.5.2

Estimated Capital Cost

The estimated capital cost of this Scheme is as follows:
(a) Open unlined drain, 70km, with crossovers as 4.3.2(a)

4.5.3

$500,000

(b) Open lined drain, 15km with crossovers as 4.3.2(b)

$1,224,000

(c) Open unlined drain through the high ground between the
Lakes including an allowance for rock excavation

$1,404,000

TOTAL

$3,128,000

Estimated Annual Cost

The annual costs for this Scheme are those of maintenance and replacement.
No power costs are involved.
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4.6

Scheme 5 – Open Drain with Lake and Basin Evaporation

4.6.1

Scheme Outline

This scheme (Figure 4.6.1) is designed to make combined use of the large
surface areas of Job’s Lake, Askew’s Lake (if available) and the lakes
comprising the McDermott Lakes complex, for evaporation and drainage of
lake and bore dewatering water.
Water from the drain upstream of Job’s Lake would discharge onto Job’s Lake.
Outflow from the lake would be by via an open drain. The rate of flow in the
drain would be controlled. Flow into the drain would be via a control structure,
set such that outflow commenced at a predetermined level say RL335 m AHD.
Outflow would discharge to the lined drain downstream of Job’s Lake. The
downstream drain would be graded to discharge onto the playas of the Mc
Dermott Lakes complex. The connections between these Lakes and the outflow
arrangements would be improved to ensure that, in times of flooding, water did
not extend beyond the confines of the Lake system. This precaution will ensure
protection of the surrounding native vegetation.
The elements of Scheme 5 are:
4.6.2

Open unlined drain, 54km, discharging to Job’s Lake;
Outlet channel with control structure from Job’s Lake, with overflow level
at RL335m AHD;
Gravity open drain, unlined, outlet from Job’s Lake;
Lined open drain, 15km, downstream of Job’s Lake outlet;
Open unlined drain, 46km, to the McDermott Lakes complex and then from
the complex to the southern boundary of the Mt Marshall LCDC;
Inlet and outlet structures for the adopted lakes at the McDermott Lakes
complex;
Small evaporation basin at the southern boundary of the Shire.

Estimated Capital Cost

The estimated capital cost of Scheme 5 is set out below:
(a)
(b)
(c)
(d)
(e)
(f)

Open unlined drain,100km, with crossovers
Open lined drain, 15km, with crossovers as 4.3.2(b)
Gravity outlet drain from Lake (as 4.5.2(c)
Structures at Lakes
Evaporation basin
Pump at evaporation basin

TOTAL
4.6.3

$643,000
$1,224,000
$1,404,000
$300,000
$200,000
$50,000
$3,821,000

Estimated Annual Cost

Annual costs would include power for pumping water into the evaporation
basin, and costs for the maintenance and replacement works described
elsewhere.
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4.7

Downstream Disposal
As noted above, Schemes 2 to 4 do not include a means of removal of water
from the southern boundary of the Mt Marshall LCDC. Disposal of drainage
from this location could be by one or a combination of several alternatives.
These are costed on the assumption that drainage from the whole of the
catchment reports to the southern boundary of the LCDC.
-

Pump to Lake Wallambin, a large salt lake complex to the west, via a
scheme similar to the scheme to pump water out of Job’s Lake (Scheme 1).
The estimated cost of this alternative is $7,500,000;

-

Construct an evaporation basin, 220ha in area, at an estimated cost of
$1,000,000, to dispose of drainage collected along almost the entire length
of the main catchment drainage route;

-

Discharge to an extension of the drainage system, passing to the south of
the Shire boundary. Costs of this option, attributable to the Mt Marshall
LCDC, are not known.

Less extensive and hence less expensive schemes would be required if
upstream disposal is adopted. If this approach is adopted there is a possibility
that there could be zero surfacewater discharge at the southern boundary of the
Shire, except in the case of flood events.

4.8

Implementation
Implementation of drainage should include the “trialing” of design options.
For example, various factors such as drain side slopes should be varied in
accordance with the type of material excavated. Drain depth should be varied
in different terrain. Crossover designs should be evaluated for effectiveness of
performance after storm events. Flow retarding structures, such as rock barriers
or “throttle” pipes, should be trialled and evaluated.
Trialing is critical to the effective long term performance of any of the
proposed drainage schemes and is strongly recommended.
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Appendix A

Data Used For Costing
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Introduction
Summary cost estimates for the various parts of the proposed works are given
in the following sections. The estimates for drainage works are presented in
unit form so that the cost of partial schemes may be evaluated, should this be
required to suit budgetary constraints or for limited extent pilot schemes.
The estimates are based on quotations from suppliers, extrapolation of rates
from similar projects, industry unit rates and GHD held data and experience.
Each estimate includes an allowance of 20% for contingency and engineering
design and supervision, 15% contingency amount and a 5% allowance for
design. The accuracy of the estimates is not expected to be better than about
+/- 25%.
Drainage Work
The estimated cost of construction of an open unlined drain to the dimensions
indicated in Figure 2.1 (main body of the report), including excavated in a
range of materials from sand to clay, is about $4,800 per kilometre. This is
based on recent costs quoted by Mr Kevin Lyon of The Vines. A recent
contract in the Wongan Hills area was completed for about this sum. This cost
includes survey and level control, excavation and spoil bank formation by
dumping, cutting and repairing of fences and location of water and phone lines.
A deeper drain would be more expensive, but the report costing is based on this
figure.
A disadvantage of the steep batter is they do not allow the plants to establish.
A stepped slope will allow this but there will be a cost penalty in that
construction would be more expensive.
As noted elsewhere drain slopes would depend on material through which
excavation takes place. Thus the extent of initial “trial” sections would be
determined by cross section required and hence cost of excavation.
The estimated costs of lined drains are based on the above costs for unlined
drain construction plus the budget cost for polyethylene liner quoted by the
supplier, Nylex. The budget costs are $5/m², installed for un-reinforced and
$10/m² for reinforced. The cost includes supply and installation with trench
anchorages recommended by Nylex.
Crossovers would need to be installed as required at locations to be determined
on site. The estimated cost of the basic unit including 24m of 630mm diameter
polyethylene pipe is $4,800. The cost is based on a quotation from pipe
supplier, Vinidex. An allowance has been included for some compaction of the
containing bank to reduce the potential for erosion caused when overland flow
occurs.
Pumping Systems
The following costs were developed from data held by GHD and from
suppliers. The latter includes such organisations as TKL (Thompson’s Kelly
and Lewis) for pump costs, Vinidex for pipe costs and Underground Services
Australia for pipe laying costs.

Document Number: 30370
Job Number: 61/10745
Author: TS\jr

Beacon River Catchment Salinity Management Project - Feasibility Study
Engineering Options

____________________________________________________________________________

Other civil engineering and power and control system costs were obtained from
GHD’s records.
Pipe costs, free on transport, are for DN 630 polyethylene,
PN 10

$228/m

PN 8

$186/m

PN 6.3

$151/m

PN 4

$107/m

Transport costs were assessed at $7/m for all grades of pipe.
Construction costs are estimated at $40/m for buried pipeline and at half this
rate for pipes laid on the surface in the case of a temporary line. The salvage
value of the pipes after temporary use was estimated at a nominal $10/m.
Evaporation Basins
The estimated cost of construction of evaporation basins is based on the cost of
winning, transport, placement and compaction of suitable fill material to
engineering requirements and $8/m³ has been allowed for this. Included in this
rate are such items as soils investigation, foundation preparation, compaction
control and others required to construct a water retaining embankment. Also
included is a 20% allowance for contingency and engineering.
Comment
The costs used are based on the work being performed under contract. Possible
savings could be made through input to the work by farmers, for example in
the transport of equipment or materials, or in the provision of plant and labour
for construction. The savings may not be major and cannot be quantified but
would increase the sense of “ownership” by the Mt Marshall LCDC.
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Appendix B

Inspection of Drainage Works in the
Wongan Hills – Ballidu Area
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Inspection of Drainage Works in the Wongan Hills – Ballidu area
Monday, 20 August 2001
Mr Kevin Lyon, drainage contractor of The Vines, arranged an inspection of
several drainage installations in the Wongan Hills and Ballidu area. Tom
Swanson of GHD and Brian McCreery, farmer, of Kalannie attended the
inspection.
The drains were constructed with the aim of lowering the standing groundwater
levels to allow the rehabilitation of adjacent saline ground. To achieve an
optimum balance between cost and lowering of the water table, the drains were
excavated to a depth of 1.8m to 2m.
Several sites were visited and examples of old and new works examined and
discussed. Several inspections were on properties with the owners in
attendance and this provided an opportunity to gauge the drain performance
from an owner’s perspective.
The original concept followed by Kevin Lyon some 15 to 20 years ago, was to
install a large drain to carry discharge resulting from overland drainage and
groundwater discharge. The drain consisted of an excavated channel about
1.2m deep and 4 to 5m wide, with enclosing spoil banks constructed from the
excavated material. The banks were constructed purely by dumping from the
excavator bucket. No effort was made to compact the banks, but they formed a
continuous bank.
An example of this design was seen north of the Wongan Hills to Manmanning
Road, 20 km east of Wongan Hills. Observations from here showed that large
flows are difficult to contain and cause washouts of the containing banks. A
control on the flow was noted at the downstream end where an existing Shire
culvert caused a significant slowing of flow and build up of sediment upstream
of the roadway.
The source of the sediment is believed to be a combination of erosion from the
banks of the cut channel and sediment from the catchment upstream, although
as noted later the erosion of the excavated channel is small.
The performance of the large drain during large flows led to a change in design
philosophy. The groundwater flow is now separated from the overland flow.
To prevent the ingress of surfacewater the groundwater drains are constructed
as “closed” drains. This is achieved by dumping the excavated material to form
containing banks around the perimeter of the drain.
Examples of deep “closed” drains were inspected on properties owned by the
Latham family, west of Ballidu. These groundwater collection drains have a
1m bottom width, 1 to 0.5 side slopes and a depth of about 2m. As with the
earlier design the enclosing spoil banks were formed as continuous banks by
dumping. They have a depth of about 2m and appear to be successful at
lowering the groundwater level.
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Members of the Latham family advised that adjacent areas of land prior to the
construction of the drains carried only saltbush. Twelve or so years later the
land supports barley crops to within 10 to 12m of the edge of the drain.
Similarly, trees were planted adjacent to the drain and these are growing
healthily. These observations indicate that the groundwater level has been
lowered.
The various drains were examined for signs of erosion. Generally the lower,
heavier material has withstood the flows quite well. Side slopes are steep, of
the order of 1 vertically to 0.5m horizontally, but there is not much sign of
erosion, except at the top in the topsoil, a lighter material.
An advantage of the steep sides of the “closed” drains is in the construction.
The excavator, a 40tonne machine is able to excavate the drain in one pass,
providing the dimensions are to those quoted above. The machine is aligned
on the drain centreline and works either upstream or downstream, thus
reducing the time for excavation and simplifying the building of the banks
either side of the channel.
Regular maintenance of the drains is required, the frequency depending on the
sediment load carried. It is expected that the “closed” drains would require
cleaning out at about 5 year intervals; the larger combined-flow drains possibly
more frequently.
The general opinion of those present seemed to be that the drains should be
fenced to prevent the ingress of stock. Sheep can become trapped in the drain
and can also cause damage to the banks and slopes. The planting of trees
within the fenced area was also considered to be of value. Firstly they could
assist in keeping the groundwater level down and also soften the appearance of
the spoil banks.
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