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Executive Summary.

WARNING.  Because of the simplifications inevitably involved with modelling, and the rapid and potentially
controversial progress made over  the past two weeks, these results, discussion ,and conclusions MUST be treated
with caution.  Fur ther  investigation of this type is being car r ied out with more time available for  consideration
and analysis as par t of SS2020, and therefore more reliable results will be available from this study ear ly in 2000.

1.  Groundwater  Modelling and Financial Analysis.

Eastern and Central Wheatbelt.
·  Modelling suggests that catchments in the Eastern and Central region similar to North Baandee and Toolibin do not

significantly respond to recharge reductions modelled in this project in the longer term (300 years).
·  However, if there is a fractured rock aquifer of sufficient thickness and permeability beneath the weathered zone, as

is postulated, the modelling suggests that the significant gains achieved after 100 years are retained.
·  In any event, modelling suggests that medium levels of intervention buy a significant amount of time in catchments

with deep watertables.  Episodic recharge will reduce the amount of time “bought”  by new farming systems.
·  Only engineering systems significantly alter this outcome.
·  Very preliminary economic analysis suggests that the interventions are not currently close to “break even”  for

farmers.  However, many of the assumptions involved in the analysis require testing and consideration, and there are
a number of off site issues such as, loss of biodiversity, increased flood risk, and danger to rural towns, that need to
be taken into consideration.  Therefore, all levels of intervention would need to be supported by the wider
community.  A more thorough economic analysis is being undertaken as part of SS2020.

Western Regions.
·  By contrast, modelling suggests that catchments in the Western region, similar to Date Creek, respond to recharge

reductions modelled in this project relatively quickly.  At higher levels of intervention, some land maybe prevented
from becoming saline.

·  Engineering systems decrease the extent of land with a shallow water table.
·  Economic analysis suggests that the low levels of intervention are most economic, however, none allow a “break

even”  level to be achieved for farmers.
·  All levels of intervention would need to be supported by the wider community.
·  Groundwater pumping in this area will be more expensive as the pumping has a smaller impact.

2.  Impacts of Salinity on Flood Risk.
 
·  If there is a three to four-fold increase in the area of the wheatbelt with shallow watertables, there is a three to four-

fold chance of increased flood risk.
·  Similarly, salinity levels may increase by more than double, especially for extensively cleared catchments within the

lower rainfall zones

3.  Impacts of Salinity on Biodiversity.

·  Low levels of intervention anywhere in the wheatbelt will not offset in any significant way massive losses in
biodiversity in key systems in valley bottoms and even midslope positions.  These systems include high value
systems such as saline and freshwater wetlands and damplands, woodlands, and heaths.  Medium levels of
intervention offer little relief to biodiversity impacts in the eastern and central wheatbelt, but potentially large
benefits in the western wheatbelt.  Hundreds of plant species are at high risk of extinction; an unknown number of
invertebrates are also at risk.

·  Only groundwater pumping offers any reliable potential to save ecosystem elements in the lower third of catchments,
and this will come as a trade-off against the systems into which the groundwater is discharged.
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Introduction.

On April 16th 1999, members of the Senior Officers Group, acting on behalf of the State Salinity Council (SSC) invited
a group of scientists to prepare, inter alia, some preliminary estimates of the effect of various recharge management
strategies on the extent of dryland salinity in the wheatbelt of Western Australia.  This work, reported to the Salinity
Council on June 25th (Clarke, George, Reggiani and Hatton, 1999), was commissioned to provide preliminary direction
prior to delivery of the results of the NLWRA SS2020 project due for completion in 2000.

The principal conclusions on the impact of recharge reduction on the extent of salinity were:
·  catchments are resistant to reduction in recharge - a large reduction is needed to produce a relatively small reduction

in the saturated proportion of the flow tube;
·  however, there is some variation among catchments, with a 50% reduction in recharge producing between a ~10-

40% reduction in saturated flow tube.  Some of this variation may be due to catchment shape, and
·  increasing recharge from the current situation has little effect on the length of the saturated proportion of the flow

tube (see below in relation to timing) and therefore salinisation.

The principal conclusions on the impact of recharge reduction on the timing of salinity were:
·  reduction in recharge extends the time for a particular proportion of the flow tube to become saturated, a 25%

reduction can cause a delay of between ~10-20 years, and a 50% reduction between ~20-60 years, and
·  doubling recharge, which is assumed to take into account the effect of episodic recharge and wetter periods, may

hasten the onset of salinity.

Following the meeting of the SSC where the results of the recharge management modelling was presented, the Senior
Officers Group (SOG) were asked to invite Dr Tom Hatton (CSIRO Land and Water - CLW) and Dr Richard George
(Agriculture Western Australia - AgWA) to a meeting to discuss methods by which a range of treatment scenarios could
be reviewed to allow the SSC to determine what impacts may reduce the extent and impact of dryland salinity in
Western Australia.  The SOG asked that the modelling group undertake to model three levels of intervention at high,
medium and low rainfall sites within the agricultural area.  Specifically, it was required that the scenarios be based on
current treatments and be optimistic.

In addition, the SOG asked that, if possible, the team address the:
1. implications of the results of the modelling on biodiversity, water resources and infrastructure;
2. undertake a financial analysis of the cost of the scenarios if applied across the agricultural area, and the gap between

the costs to farmers and the costs to the wider community of the intervention, and finally
3. social consequences of a failure to implement the scenarios.

Details of the Terms of Reference are included in Appendix 1.

At the meeting, Dr George was asked to coordinate a group of scientists to address each of these issues.  After
consultation, it was agreed that the Research and Development Technical Committee (RDTC) would coordinate the
activities (as it had done previously), and that the group would attempt to address all of the issues except those related to
the question of social consequences.  Finally, it was noted that the teams’  ability to deliver on the financial aspects
would be resolved when the scenarios were finalised (about July 10th, 1999) and if resources were available.

It was understood that all of this activity was to be completed by the close of business on Monday of July19th 1999, and
that the Executive Officer of the SSC would be responsible for forwarding the results to the attendees of the SSC
meeting by the July 21st 1999.  As a result of the extremely short time frame, Dr’s George and Hatton made the SOG
aware that it may not be possible to complete these tasks if significant problems were encountered or if other Agency
staff were not available.

This project was undertaken by a small group of the RDTC and members of CLW.  It was undertaken in such a short
time at the expense of other projects, agency responsibilities and family commitments.

We particularly acknowledge efforts by Mr Geoff Hodgson in digitising the hydrogeological sections.  Unpublished
material from the flood risk study was made available by Macushla Prasser-Jones and the Water and Rivers
Commission.

Up to  July 21st, 1999 the time spent on this exercise by the team is estimated to be 380 hours, and the break up of this
by person is shown in Table 1.
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Table 1.  The time spent carrying out the modelling, and coordinating the contract1.
Person Hours
Dr  Richard George1 80
Dr Paolo Reggiani 80
Dr Chr istopher  Clarke 70
Ms Sally Bowman 60
Dr Tom Hatton 40
Dr John Ruprecht 30
Mr Geoff Hodgson 10
Mr Alan Herber t 10
Total 380
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Paper 1.
Groundwater  Modelling and Financial Analysis.

1.1.  Methods.

The Flow Tube model developed by CLW was used in this project.  Details of the model and the assumptions upon
which it is based, can be found in Clarke, George, Reggiani and Hatton (1999).

Three sites were chosen to be representative of the eastern, central and western agricultural area.  The catchments
selected were North Baandee (rainfall 330 mm year-1) located ~50 km northwest of Merredin, Toolibin (rainfall 400 mm
year-1) located ~20 km southeast of Wickepin, and Date Creek (rainfall 600 mm year-1), located ~20 km southwest of
Darkan (Figure 1).  However, it must be noted that these catchment do not explicitly represent other agricultural areas
nearby the chosen catchment, nor do they represent different hydrogeological areas such as the Perth and Bremer
Basins.  Appendix 2 lists the hydrological parameters used in the Flow Tube model for each of these catchments, and the
detailed methodology is described in Appendix 3.

1.2.  Recharge scenar ios modelled.

At each of the selected catchments, three levels of recharge management were modelled in addition to the current “do-
nothing differently”  situation (base case).  The three levels of recharge management were based on currently available
systems already being established by farmers in the regions.  However, as contracted, the options were chosen to be both
optimistic and realistic  Each of the three levels of intervention were chosen to develop, as practically as possible, on
“ intermediate”  recharge reductions reported by Clarke, George, Reggiani and Hatton (1999).

1.3.  Modelling Results.

WARNING.  Because of the simplifications inevitably involved with modelling, and the rapid and potentially
controversial progress made over  the past two weeks, these results, discussion and conclusions MUST be treated
with caution.

The results of the groundwater modelling compared to the base case are presented graphically in Figure 2 and an
interpretation is presented as Figure 3.  Additionally, for each of the 11 management changes modelled within the three
catchments (Table 2), one cross-section showing the depth to groundwater at five years increments over a period of 100
years was produced, and model output is also available for several (medium) cases modelled for 300 years and for
sensitivity to changes in permeability.  None of these cross sections is presented in this report, however, the results are
summarised below, and are presented in tables in Appendix 4.  A CD-ROM containing all of the model outputs is
available.
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Table 2.  Agreed treatments for three catchments selected for management modelling.
Landscape changes to the water  balance

Location Low Medium High
North Baandee
Eastern Wheatbelt
330 mm year-1

Two rows of oil mallee alleys
(2 x 1.5 m) over 100% of
landscape at a nominal belt
spacing of 100 m. The alleys
comprise high water use
annual crops & pastures.

Sandplain soils (10% catchment)
planted to tagasaste;  Two rows of oil
mallee alleys (2 x 1.5 m) over the rest
of the landscape at a nominal belt
spacing of 50 m.

Medium intervention plus
groundwater pumping at two
locations at the break of slope
and in the valley floor

Toolibin
Central Wheatbelt
400 mm year-1

Sandplain soils planted to
tagasaste (10 %) plus phase
farming system over the
remainder (90%), consisting
of 5 years lucerne, 5 years of
cropping and pasture

1.  Sandplain soils planted to Pines (10
%) plus a phase farming system over
the remainder (90%, 5 years lucerne, 5
years cropping and pasture), except for
two blocks of oil mallees at the break of
slope and near the saline area (each
10% of the area).

Medium intervention plus
groundwater pumping at two
locations at the break of slope
and in the valley floor

2.  Sandplain soils planted to Pines (10
%) plus a phase farming system over
the remainder within the matrix of an
oil mallee alley system (50 m spacing)

Date Creek
Western Wheatbelt
600 mm year-1

1.  Commercial farming of
eucalypts or pines in blocks
over 30% of the upper slopes.
The remainder  comprise
optimum water use annual
crops and pastures.

Commercial farming of eucalypts in
blocks over 30% of the upper slopes
plus a phase farming system over the
remainder (70%, 5 years lucerne, 5
years cropping and pasture)

Medium intervention plus
groundwater pumping in the
valley floor (one well).

2.  Commercial farming of
eucalypts in plantations
immediately adjacent to the
saline land.  The remainder
comprise the current system of
annual crops and pastures.

North Baandee.

Modelling conducted over a period on 100 years shows that:
·  for the base case current management systems cause 89% of the flow tube to develop a shallow watertable (seepage);
·  establishing tagasaste on the sandplain and an 100 m spaced oil mallee alley system based on annuals (low case)

reduces the wet length to 89% of the base case and watertable levels decline beneath sandplain;
·  establishing a 50 m oil mallee alley system based on annuals (medium case) reduces the wet length to 58% of the

base case, and
·  including a groundwater pump with the 50 m alley system (high case) reduces the seepage length to 21% of the base

case.  It is likely that the impact of the pump is overestimated.

However, despite these encouraging results, modelling conducted over a 300 year period shows that, while the systems
buy time (25-60 years), most of the gains achieved, by all except the pumping system, are lost.

Additional modelling to test the sensitivity of the model to changes in currently measured rates of saturated hydraulic
conductivity (Ksat) indicates that doubling Ksat makes almost no difference to the final outcome.  Increasing Ksat  by five
times reduces the saturated length of the flow tube to 37% from 58%, and by an order of magnitude to almost zero.
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Toolibin.

Modelling conducted over a period of 100 years shows that:
·  for the base case current management systems cause 94% of the flow tube to develop a shallow watertable (seepage);
·  establishing tagasaste on the sands and phase farming elsewhere (low case) reduces the wet length to 66% of the base

case and watertable levels decline beneath the sandplain;
·  establishing the above system, while adding two blocks of trees (medium case 1) only reduces the wet length to 65%

of the base case (the lower block of trees was swamped - killed-  by rising groundwater) but replacing the blocks
with 50 m oil mallee alleys (medium case 2) reduces the wet length to 35% of the base case, and

·  including a groundwater pump with the 50 m alley system (high case) reduces the seepage area to 6% of the base
case, while taking away the two blocks and replacing the lower one with a pump only reduces the wet length to 51%
of the base case.  It is likely that the impact of the pump is overestimated.

Modelling conducted over 300 years on medium case 1 (pines and phase farming) shows that, while the systems buy
time (over 30 years), there is no long term gain.

Date Creek

Modelling conducted over 100 years shows that:
·  for the base case current management systems cause 72% of the flow tube to develop a shallow watertable (seepage);
·  establishing commercial trees on the upper 30% with annuals-based agriculture (low case 1) reduces the wet length

to 64% of the base case, while only establishing one block of trees adjacent to the seepage area (no trees upslope -
low case 2) reduces the length to 61% (in this case the groundwater rises through the trees when the trees do not
access the groundwater, and remain near to the surface [< 3 m] when they are allowed to withdraw groundwater);

·  establishing the same commercial upper-slope system described above, while replacing the annuals with phase
farming (medium case) reduces the wet length to 57% of the base case, and

·  including a groundwater pump (high case) reduces the seepage area to 53% of the base case.

Modelling conducted over 300 years on the medium case (commercial trees and phase farming) shows that there is an
additional gain of 16% (41% of base case) because groundwater levels were still declining after 100 years.

Summary of sites

Figure 2 summarises the impact of all of the management changes on the length of the flow tube that has a watertable
within 1 m of the surface.  The Figure shows that low levels of intervention reduce recharge relative to base case by a
maximum of 50%, medium levels of intervention reduce recharge to a maximum of about 30%, while only medium and
engineering systems (or effectively full reafforestation) reduces levels toward pre-clearing situations.

In most cases at North Baandee and Toolibin, recharge management buys between 25 and greater than 60 years,
although at equilibrium, these gains are eventually eroded by slowly rising groundwaters.

1.4.  Economic Analysis.

Warning.  Many of the assumptions involved in this analysis require testing and consideration, and there are a
number  of off site issues such as, loss of biodiversity, increased flood r isk, and danger  to rural towns, that need to
be taken into consideration before decisions are made on the basis of these figures.

A 50 year discounted cash flow analysis was carried out assuming that the various proposed strategies were
implemented over the first 10 year period, and the salinity outcomes were as they would be in 50 years time.  The
detailed assumptions are listed in Appendix 5.  Table 3 presents a summary of the results of the financial analysis.  The
analysis is limited to the on-farm benefits and costs, and it is emphasized the discounted cash flow method is not good at
evaluating long term projects, since it reduces the present value of cash flows at time intervals that are short compared to
the life of the operation.  For example, at the 7.5% discount rate applied in this analysis, at 10 years the annual cash flow
is reduced to 49%, at 20 years to 24%, and at 30 years to 11%, although the farm may still be operating in 100 years
time at the same cash flow.  In addition, the assumption for the financial analysis was that length of saturated flow tube
from the groundwater modelling, was salt affected, but this is not necessarily the case: it is just where the water level is <
1m from the surface.  Also, there is no allowance for profitable production from salt affected land, and this also is not
the case.
Table 3. List of summed, discounted Present Values (PV) per hectare for the 50 year period for each of the 3 locations
and 3 principal strategies.  Benefit Cost Ratio (BCR) is a measure of profitability.  A BCR greater than 1 means benefits
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are greater than costs so it would be a profitable strategy to pursue. A BCR less than 1, say 0.45 as for Date Creek -
Low, means that only 45 cents is being returned for every $1 invested in the strategy.
Location and Impact PV do nothing PV with strategy PV benefit PV cost Benefit Cost Ratio

$ ha-1

N. Baandee - Low 661 700 39 182 0.22
N. Baandee - Medium 661 711 50 190 0.26
N. Baandee - High 661 732 71 452 0.16
Toolibin - Low 967 993 26 51 0.51
Toolibin - Medium 967 953 -14 259 nil
Toolibin - Medium plus 967 940 -27 169 nil
Toolibin - High 967 966 -1 495 nil
Date Creek - Low 991 1152 161 358 0.45
Date Creek - Medium 991 1148 157 300 0.52
Date Creek - High 991 1149 158 1158 0.14

1.5.  Discussion.

WARNING.  Because of the simplifications inevitably involved with modelling, and the rapid and potentially
controversial progress made over  the past two weeks, these results, discussion and conclusions MUST be treated
with caution.

Flow Tube modelling was conducted on three catchments chosen to be representative of the “wheatbelt”  of Western
Australia (~18 M ha).  North Baandee is considered to be similar to much of the approximately 8 M ha of the low
rainfall wheatbelt, while Toolibin is believed to be similar to the central wheatbelt (~4 M ha), and Date Creek, the
western wheatbelt or woolbelt; (~2 M ha).  However, this modelling has not explicitly modelled hydrogeological
systems on the Bremer Basin (~1.5 M ha) nor the Perth Basin (~3.5 M ha).  In this analysis it is considered that the
conclusions from the Date Creek study are more likely to apply to these areas than the Eastern and Central case study
sites, though they are not explicitly modelled.

A synthesis of the modelling results (Figure 2) is presented as Figure 3.  Flow Tube modelling has confirmed that the
typically flat Eastern and Central wheatbelt catchments are not very sensitive to considerable reductions in recharge.
Discharge areas are very high as a result of the extremely low hydraulic gradient and permeability of the regolith.  It
suggests that most valley systems, covering an area of approximately 3.5 M ha of land in the wheatbelt (Barrett-Lennard
1999, Salinity Council Report, June 25th, 1999), will develop a shallow watertable over the next 30-70 years.

In the medium term (100 years) recharge management in these eastern and central regions significantly slows the rate of
salinisation and restricts the area to the mid and lower valley systems.  Recharge management during this period also
prevents the loss of the lower hillsides.  In addition, Clarke, George, Reggiani and Hatton (1999) postulated that some
catchments within this region would develop significantly less area with a shallow watertable as a result of their
geomorphology (convex landforms).  Despite the relatively high rates of recharge management, in the longer term, most
of the valley systems and some of the lowerslopes will develop the full extent of shallow watertables modelled in the
base case.  Once again, this is due to the fact that recharge rates remain greater than the capacity of the catchment to
transmit groundwater without direct intervention with engineering systems.  However, the results of the sensitivity
analysis to changes in Ksat at North Baandee has some most important implications in this regard.  There is some
evidence, at least in areas of higher Ksat, that its value is twice the current measurements (Clarke, George, Bennett and
Bell in preparation) and there is evidence in the western wheatbelt that major fault systems have Ksat five times higher
than the surrounding granite (Clarke, George, Bell and Hobbs 1999), but it is considered unlikely that it is ten times as
high. However, the existence of a deep and well connected fractured rock aquifer and more extensive permeable
sediments are the only possible mechanisms that might allow such an increase in permeability.

This is a particularly important result, since in the Flow Tube model, increasing Ksat has the effect of increasing
transmissivity (the product of Ksat and the aquifer thickness), so the same reduction of seepage length would have been
achieved by keeping Ksat constant and increasing the aquifer thickness tenfold.  The aquifer at North Baandee is 10 m
thick so this would be an increase to 100 m if Ksat is at the level measured, or 50 m if Ksat is twice that measured.  If
there is a fractured rock aquifer in the basement underlying the saprolite aquifer at the base of the weathered zone, as is
postulated, but about which little is known, then such an increase in thickness of the aquifer is possible and the gains
achieved by the medium level of intervention would remain.

Clear ly then, investigation of the potential fractured rock system is a matter  of some urgency, since it would
enhance the long term effects of vegetation treatments in the eastern and central wheatbelts.
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The impact of engineering systems may not be well modelled by Flow Tube.  Modelling systems that take account of
geological variability would better simulate the impact of pumps.  However, engineering systems of management, are
capable of having a significant “ local”  impact since the rates of groundwater discharge responsible for such high
watertables, are likely to be very low (typically < 50 mm year-1).  Management systems that locally increase discharge
may allow productivity on areas of shallow watertables.

However , results from modelling at Date Creek (100 and 300 years scenarios) suggest that at even relatively low levels
of intervention (upper 30% planted to commercial trees and the remainder farmed with better systems of crops and
pastures), the area with shallow watertables will be maintained at present levels or may slightly reduce.  Increasing the
amount of perennial pastures improves the situation, although it may not reclaim significant areas of land.

1.6  Conclusions.

WARNING.  Because of the simplifications inevitably involved with modelling, and the rapid and potentially
controversial progress made over  the past two weeks, these results, discussion and conclusions MUST be treated
with caution.

Eastern and Central Wheatbelt.
·  Modelling suggests that catchments in the Eastern and Central region similar to North Baandee and Toolibin do not

significantly respond to recharge reductions modelled in this project in the longer term (300 years).
·  However, if there is a fractured rock aquifer of sufficient thickness and permeability beneath the weathered zone, as

is postulated, the modelling suggests that the significant gains achieved after 100 years are retained.
·  In any event, modelling suggests that medium levels of intervention buy a significant amount of time in catchments

with deep watertables.  Episodic recharge will reduce the amount of time “bought”  by new farming systems.
·  Only engineering systems significantly alter this outcome.
·  Very preliminary economic analysis suggests that the interventions are not currently close to “break even”  for

farmers.  However, many of the assumptions involved in the analysis require testing and consideration, and there are
a number of off site issues such as, loss of biodiversity, increased flood risk, and danger to rural towns, that need to
be taken into consideration.  Therefore, all levels of intervention would need to be supported by the wider
community.  A more thorough economic analysis is being undertaken as part of SS2020.

Western Regions.
·  By contrast, modelling suggests that catchments in the Western region, similar to Date Creek, respond to recharge

reductions modelled in this project relatively quickly.  At higher levels of intervention, some land maybe prevented
from becoming saline.

·  Engineering systems decrease the extent of land with a shallow water table.
·  Economic analysis suggests that the low levels of intervention are most economic, however, none allow a “break

even”  level to be achieved for farmers.
·  All levels of intervention would need to be supported by the wider community.
·  Groundwater pumping in this area will be more expensive as the pumping has a smaller impact.

1.7  Recommendations.

·  Alternative and complementary modelling systems should be under taken urgently to refine these analyses and
results.

·  SS2020 modelling should be “ fast tracked”  to provide a cr itical analysis of these results.
·  SS2020 modelling be expanded to the whole agr icultural area, in par ticular , modelling systems in the South

Coast (Bremer  Basin) and Nor thern regions (Per th Basin) should be under taken quickly;
·  aquifer  proper ty analysis of regolith and fractured rock systems should be under taken as soon as possible,

since this would enhance the long term effect of vegetation treatments the eastern and central wheatbelts.
·  It is requested that the State Salinity Council release a community statement discussing the  results of this study and

cautioning against rapid assessments and judgements until the results from SS2020 and other modelling projects is
completed.
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Paper 2.
Blackwood Catchment Flood Risk Study.

2.1.  Background.

There is a long history of flooding in the Blackwood catchment (see Figure 1).  With the development of agriculture and
clearing of native vegetation for crops and pasture, runoff has increased substantially.  However, while the increase in
runoff due to clearing is widely known, the effects that increasing saline areas will have on runoff rates and flooding are
neither well known nor documented.

Agriculture Western Australia (Macushla Prasser-Jones and Dr Richard George, Salinity and Nutrient Action Plan
Project, Blackwood Basin Group) initiated this study, which has included the following investigations:
·  the impact of increasing areas of saline land on streamflow, and
·  the impact of increasing areas of saline land on salinity levels in the Blackwood River.

2.2.  Streamflow predictions.

A runoff routing model was developed for the Blackwood catchment and calibrated using actual flow events and data
from five gauging stations within the catchment.

Data from the flood event of January 1982 was incorporated into the model to investigate the potential impact of
increased areas of saline land on streamflow.  Analysis of data from experimental catchments indicates that runoff
increases not only as a result of clearing, but also as a result of increasing areas of seepage (or “water logging”) due to
rising groundwater levels.  Runoff stabilises once the expression of groundwater reaches equilibrium.  Therefore, the
following assumptions were implicit to the model:
·  levels of clearing do not change (that is present levels apply), and
·  the change in area of saline land corresponds to the change in seepage area.

The effect of increasing areas of saline land was incorporated into the model by decreasing rainfall losses and increasing
runoff parameters for the 1982 flood event (all other model parameters remained the same).  The following three
prediction scenarios were run using the model, assuming the full extent of groundwater expression:
·  the area of saline land doubles throughout the catchment;
·  the area saline land doubles to Bridgetown and trebles east of Bridgetown, and
·  the area of saline land doubles to Bridgetown, trebles east of Bridgetown and quadruples within the Arthur and

Beaufort River systems.

As the percentage of cleared land affected by salinity is currently estimated to be 10% in the upper Blackwood, the
model uses an upper limit of 40% for this area.

Results for gauging stations in the upper and lower areas of the catchment are shown in Figures 2 and 3 respectively.
Results for the Beaufort River at Manywaters (GS 609015) suggest that there is a direct increase in flood flow with
increasing area of saline land.  Therefore it is possible that flood flows could quadruple in the upper Blackwood if the
percentage of saline affected cleared land increases to 40%.  Figure 3 for the Blackwood River at Darradup
(GS 609025) in the lower reaches shows that flood flows could treble if the area of saline land trebles, however, the
effect of the quadrupled saline land in the upper reaches is reduced.

2.3  Salinity predictions.

A simple regional salt export model was used to estimate future stream salinities.  The Blackwood Catchment was
divided into eight rainfall zones, for which runoff and salt load parameters were assigned for “ forested”  and “ fully
cleared”  conditions.  Present parameters were based on data from Blackwood gauging stations and nearby catchments.

Future predictions were made by altering the “ fully cleared”  parameters.  It was assumed that the area of saline land
doubles in order to calculate the runoff parameters.  The load parameters were calculated from groundwater recharge
and groundwater salinity.  Preliminary results suggest that salinity levels may increase by more than double, especially
for extensively cleared catchments within the lower rainfall zones.  Figure 4 shows the long-term salinity trend for the
Blackwood River at Darradup (GS 609025), with the predicted salinity level at groundwater equilibrium.  A range has
been provided for the predicted level, as an indication of the variation from year to year due to climate variability.



Recharge management and dryland salinity, flood risk, and biodiversity.      DRAFT ONLY 14



Recharge management and dryland salinity, flood risk, and biodiversity.      DRAFT ONLY 15



Recharge management and dryland salinity, flood risk, and biodiversity.      DRAFT ONLY 16



Recharge management and dryland salinity, flood risk, and biodiversity.      DRAFT ONLY 17



Recharge management and dryland salinity, flood risk, and biodiversity.      DRAFT ONLY 18

Paper 3.
Impacts of Salinity on Biodiversity.

Following examination of the low, medium and high intervention simulations for the eastern, central and western
catchments, the following generalities emerged.

3.1.  Low Intervention.

In the eastern and central wheatbelt, we will lose most or all of the wetland, dampland and woodland communities on
the heavier soils in the lower half of catchments.  These include naturally saline systems that do not tolerate
waterlogging (e.g., gypsophyllous ecosystems), as well as black morrell, salmon gum and gimlet woodlands.  These
constitute over half of the plant community types in the region; hundreds of plant species and a large but unknown
number of invertebrates are at very high risk in this case.

In the wetter, western edge of the wheatbelt, there are generally fewer endemic species limited exclusively to the lower
parts of the landscape.  Nevertheless, given that there are so few examples of some of these communities left after
clearing, concern is equally high.  The fresh water lake, wetland and dampland systems are greatly at risk to salinity and
waterlogging and where these are in the lower half of catchments, will be lost.  Of equal concern are the wandoo,
flooded gum and mallet reserves in valleys, given their rarity in this region.  Generally, the impact will be lower
extinction risk than the drier regions but greater losses in terms of populations and genetic diversity within species.

On the basis of the hydrologic simulations of the eventual extent of groundwater discharge in these regions, the
heathland and and shrubland communities characteristic of intermediate slopes and of particularly high biodiversity
(e.g., duplex soil mallee and grey sand heaths) are also at risk.

The only remnant ecosystems not at risk to salinity in these regions under low intervention are upland communities on
laterite or sand ridges.

3.2.  Medium Intervention.

Hydrologic simulations indicate that the impacts on biodiversity in the eastern and central wheatbelt are largely the same
as for low intervention on valley floors, apart from perhaps buying some time.  It is not clear what we would do with this
additional time in the case of ecosystem protection, however.  More is potentially gained in the western wheatbelt, if
medium level intervention is implemented very quickly.

There is apparently a significant risk reduction to remnants on midslope positions (as described above) under medium
intervention across the wheatbelt.

3.3.  High Intervention.

The incorporation of groundwater pumping appears necessary to save the valley systems described above.  This includes
achieving biodiversity objectives in the biodiversity-based Salinity Action Plan Recovery catchments.

In saying this we recognise that trade-offs will have to be identified between those systems saved by pumping and those
portions of the landscapes impacted by disposal of that water.  In this regard, it is worth recognising the eventual (or
even current) health of the Avon and Blackwood Rivers under the do-nothing option.  Salt loads, concentrations and
flooding will increase into the future.  Key inland ecosystem can only be saved through engineering intervention; it may
be that using these rivers to dispose of drainage water to save valley remnants should be considered.

3.4.  Fur ther  Implications.

The fragmentation of ecosystems and its consequence for their persistence is well-understood, and much activity aimed
at maintaining biodiversity is dedicated to linking up remnants.  We note that as the system salinises, options for re-
integrating remnants decreases; what would have been potential corridors for revegetation across valleys will be cut off
by salt-affected land.

Changes in flood regime anticipated in a salinising landscape will tend to decrease the biodiversity of aquatic and
riparian systems along the whole length of the rivers.
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Appendix 1.
Terms of Reference.

Summary of Contract.

1. Estimate of the impact of the three levels of recharge management at three typical catchments in the low, medium
and high rainfall areas, on the extent of shallow watertables (salt-affected land) in WA.

2. Undertake a rapid analysis of the “costs and benefits”  of each of the levels of recharge reduction.
3. Assess the changing flood risk as a result of the increase in area of shallow watertables.
4. Assess the impact on biodiversity in the areas nearby each of the sites selected.

Background.

As part of the public review of the Salinity Action Plan there was a request that an estimate be made of the impact of the
Plan on, the area that will become salt-affected, any delays in salt encroachment, and the severity of salinisation as it
affects its productive use.

After a meeting between members of the Salinity Council and Senior Officers Group (June 24th 1999) it was decided to
ask the Salinity Council R&D Technical Committee to do carry out further modelling of the impact of a range of
treatments for inclusion in the revised plan.

The Salt Scenarios 2020 project (part of the National Land and Water Resources Audit) will develop more detailed
scenarios for the Lower Great Southern but will not report until early 2000. It was thought advisable for the revised
Salinity Action Plan (due to report in mid-late 1999) to anticipate the results of this study by carrying out similar but
more preliminary analyses for representative parts of the south west.

Terms of Reference.

After the meeting, further technical discussions between members of the SSC R&D Technical Committee, the terms of
reference for the study were refined to be as follows:

1. estimate the impact of the three levels of management on recharge reduction at three catchments in the WA
compared to a “do-nothing different”  case;

2. examine the current costs and benefits to farmers adopting these systems;
3. estimate the effects of increasing the area of the landscape “wet and saline”  on flood risk, and
4. estimate the impact of this increase in salt-affected land on biodiversity.

Because the limited time allowed to undertake this task, it must be strongly urged that the results generated over this two
week period be seen as preliminary and reviewed in detail when the results of the SS2020 are presented in 2000.

Methods.

1. Catchment hydrologists from the SSC R&D Technical Committee (Hatton, George, Clarke, Reggiani) will carry out
further modelling of the three selected catchments using the Flow Tube model discussed previously by Clarke,
George, Reggiani and Hatton (1999).

2. Economic analysis by Agriculture WA will assess the change in present value of the treatments assessed in the
groundwater modelling

3. Hydrologists from the Water and Rivers Commission (Bowman and Ruprecht) will carry out further hydrological
modelling of flood risk within the Blackwood Catchment.

4. Hatton and Keighery will review the biodiversity impacts of the level of salinisation predicted from the modelling,
based on the CALM surveys currently in progress

5. Members of the SSC R&D Technical Committee (George, Clarke, Bowman, Ruprecht and Herbert) will brief the
Salinity Council at its meeting on July 21st 1999.

Deliverables.
Reports, Figures Maps and Tables to enable the Salinity Council to:
1. estimate of the impact of the three levels of recharge management at three typical catchments in the low, medium

and high rainfall areas, on the extent of shallow watertables (salt-affected land) in WA;
2. estimate the relative costs per hectare (present value), and the benefits (present value) of the three principle levels

of intervention;
3. assess changes in flow and salinity of the Blackwood Catchment due to an increase in the area of the catchment

saturated (that is, salt-affected area), at four levels equivalent to doubling, trebling and quadrupling the area of
land with a shallow watertable, and

4. Assess changes in species diversity at risk at the three areas selected.
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Appendix 2.
Hydrological Parameters of the Catchments.

Table 1.  Recharge, Ksat, and rate of water level rise for each site.

Catchment Recharge K sat K sat Aquifer  Thickness Rate of Rise
Saprolite
AquiferA

Pallid
ZoneB

Saprolite
AquiferA

Pallid ZoneB

(mm year-1) (m day-1) (m) (m year -1)
Nor th Baandee 20 0.6 0.05 10 remainder of profile 0.25
Toolibin 30 0.6 0.05 10 remainder of profile 0.2
Date Creek 50 0.6 0.05 10 remainder of profile 0.4
A Partly weathered basement materials.
B Intensely-weathered basement materials.



Recharge management and dryland salinity, flood risk, and biodiversity.      DRAFT ONLY 21

Appendix 3.
Summary of methods and assumptions

1.  Scenar io Modelling (Catchment Hydrology).

Three sites were agreed at the SOG’s meeting to represent conditions in the low rainfall wheatbelt (North Baandee
Catchment, near Merredin), medium rainfall wheatbelt (Toolibin Catchment, near Wickepin) and high rainfall woolbelt
(Kent catchment, near Mt Barker).  However, due to limited data at the earlier modelled site (Martagallup/Kent), it was
decide that a better woolbelt catchment to be modelled would be Date Creek (near Darkan).  At this site, Clarke et a.l,
(1998) had modelled the impact of treatments using the MAGIC model to which the results of the Flow Tube modelling
maybe compared.  In addition, the Toolibin model was revised to include hillslopes and sandplain soil units typical of
that region.  The scenarios sketched at the SOG’s meeting were further refined by the Research Group (George, Hatton,
Clarke) on July 6th 1999 (Table 1).

At each catchment, three levels of management were selected (Table 1) and modelled over a period of 100 years.  The
selection of management systems was based on the recommendations of the State Salinity Council.

Table 1.  Recharge reductions under each scenario.
Catchment Level of Impact Farming System Area / width Recharge (propor tion of

Base CaseA)
North Baandee Base Current annual-based system 100% 1

Low Oil Mallee Trees 20 m impact
Alleys containing annual crops

and pastures
80 m

Net Impact on recharge 0.7
Medium Tagasaste 0.25

Oil Mallee Trees 20 m impact
Alleys containing annual crops

and pastures
30 m

Net Impact on recharge 0.5
High Medium plus groundwater

pumps
Equivalent impact at 20

ha per pump
Equivalent discharge rate

used = 0.12

Toolibin Base Current annual-based system 100% 1
Low Tagasaste 10% 0.25

Phase farming 90% 0.4
Medium Pines 10% 0.1

Phase farming 70% 0.4
Oil Mallee Trees 20% 0.1

as above
Medium + Pines 10% 0.1

Combined oil mallee and Phase
farming system

90% 0.3

High Medium plus groundwater
pumps

Equivalent impact at 20
ha per pump

Equivalent discharge rate
used = 0.15

Date Creek Base Current annual-based system 100% 1
Low Commercial trees 30% 0.1

Annual crops and pastures 70% 0.8
Medium Commercial trees 30% 0.1

Phase farming 70% 0.5
High Medium plus groundwater pump Equivalent impact at 10

ha per pump
Equivalent discharge rate

used = 0.1
A Base Case = “do nothing different”  scenario.

Of the selection of management systems chosen by the State Salinity Council, only summer crops and deep drains could
not be modelled using Flow Tube.  It should be noted that to be effective, groundwater must already be within 1 m of the
soil surface before deep drains can be installed.  It was the opinion of the modelling group, that deep drains were more
likely to reduce the impact and severity of salinity by moving land from a lower productivity class to a higher
productivity class, rather than have a significant impact on groundwater, however, this should be tested in the upcoming
GRDC funded drainage project.  Finally, in the revised edition of AgET (July 1999), it is possible to assess the water
balance of summer crops.

In addition to the modelling described in Table 1, the modelling group decided to model the impact of some of the
systems for 300 years.  The systems modelled for 300 years are listed in Table 2.
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Table 2. Recharge reductions modelled over 300 year.
Catchment Level of Impact Farming System
North Baandee Medium Tagasaste, Oil Mallees at 50 m spacing; alleys containing annual crops and

pastures
High Medium plus groundwater pump

Toolibin Medium Pines, Phase farming, Oil Mallees in two blocks
Date Creek Medium Commercial trees, Phase farming

In this case, the trees were allowed to take 10 mm from the watertable.

Groundwater pumps were modelled at three discharge levels.  At North Baandee the pumping rate was set at
approximately 50 kl day-1, while at Toolibin it was higher (60 kl day-1), while at Date Creek it was lower (30 kl day-1),
according to likely aquifer performance at each site.  However, it must be noted that to accommodate pumps in Flow
Tube, the rate and impact needed to be adjusted to the 1m wide flow tube that was used in this modelling.  Details are
available from the authors.

Finally, a limited sensitivity analysis of catchment saturated hydraulic conductivity was conducted by increasing the
saturated hydraulic conductivity of the saprolite aquifer.  Two levels of increase were used, double (1.2 m day-1) and ten
times (6.0 m day-1) the base value (0.6 m day-1).

Comments.

The modelling was conducted to estimate of the impact of the three levels of recharge management at three typical
catchments in the low, medium and high rainfall areas, on the extent of shallow watertables (not always equivalent to
salt-affected land) in WA.

It is critical that the Salinity Council are aware that the treatments proposed by the Group were not based on direct
measurement or subsequent more detailed modelling. The impact of the scenarios on recharge is expressed as a relative
reduction by comparison with the base case modelled previously.  The level of impact was resolved by consensus of the
hydrologists involved.  While this involved discussion within other scientists within CSIRO and Agriculture WA, it is
critical that this limitation be addressed in further studies.

These estimates were supplemented by analysis within the constraints of version 2.1 of AgET.  Systems such as phase
farming, annual systems and revegetation options (tagasaste, pines, oil mallees and bluegums) were modelled.  Alley
systems could not be modelled.

2.  Water  Resources.

Dr George undertook to liaise with Dr John Ruprecht and Ms Sally Bowman of the Water and Rivers Commission who
were working with Agriculture WA and the Blackwood Basin Group to revise preliminary modelling to determine the
impact of changing the saturated area within a catchment on flood risk (flow) and stream salinity (load and
concentration).

It was resolved that WRC (Bowman and Ruprecht) would produce statements and tables on:

changes in flow and salinity of the Blackwood catchment due to an increase in the area of the catchment saturated (ie
the salt-affected area), at four levels equivalent to doubling, trebling and quadrupling the area of land with a shallow
watertable..

3.  Biodiversity.

Dr Hatton undertook to liaise with Dr Greg Keighery of Conservation and Land Management to advise the RDTC on the
implications of managing salinity in the three regions chosen.  Species diversity was to be reviewed at sites within a 50
km radius of the selected catchments.

It was resolved that Hatton and CALM (Keighery) would produce statements on:

changes in species diversity at risk at the three areas selected.

4.  Economics.
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As Dr McFarlane had advised the group that Martin van Bueren was unavailable, Dr George undertook to liaise with Ms
Michele John (UWA Post-graduate) and Dr Ross Kingwell of the Agriculture WA, who were working on the economics
of dryland salinity in the Eastern Wheatbelt.  However Ross Kingwell was on leave.  Luckily, Mr Alan Herbert was
available for up to 10 hours to prepare statements and tables on:

the relative costs per hectare (present value), and the benefits (present value) of the three principle levels of
intervention.
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Appendix 4.
Modelling Results.

Table 1.  Impact of recharge management on length of flow tube with a watertable within 1 m.
Raw Data

Base Low Medium High
N. Baandee Seepage (%) 89 79 52 34

Recharge (mm) 20 14 10 7
Toolibin Seepage (%) 94 62 61 48

Recharge (mm) 30 12 9 7
Seepage (%) medium plus 32 5

Recharge (mm) medium plus 8 5
Date Creek Seepage (%) 72 46 41 38

Recharge (mm) 50 30 19 9

Table 2.  Impact of recharge management on length of flow tube with a watertable within 1 m; normalised to Base Case.
Relative to Base Case (%)

Base Low Medium High
N. Baandee Seepage 100 89 58 21

Recharge 100 70 50 35
Toolibin Seepage 100 66 65 51

Recharge 100 40 30 23
Seepage medium plus 35 6
Recharge medium plus 27 20

Date Creek Seepage 100 64 57 53
Recharge 100 60 38 18

Table 3.  The impact of recharge reduction on the timing of the onset of shallow watertables at North Baandee and
Toolibin.  At Date Creek, the low level of intervention reduced the area of salinity to approximately base case levels.

Base Case Low Medium
(year)

Nor th Baandee Time to extensive salinisation 40 65 100
Time bought 0 -25 -60

Lake Toolibin Time to extensive salinisation 30 60 na
Time bought 0 -30
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Appendix 5.
Economic Analyses.

Table 1.  Detailed analysis of the impact of the 9 principal treatments.  The lucerne alley systems at Toolibin and the
lowerslope planting at Date Creek have not be costed.

Location Low impact strategy Medium impact strategy High impact strategy
North Baandee:
Current operating
surplus: $55/ha
Current salt: 3%
Salt at 50 years with nil
treatment: 40%

4% oil mallees + optimum water
use.

Outcome: 36% salt
PV costs: $182/ha
PV benefit: $39/ha
B/C Ratio = 0.22

B/even prodn = 239%

10% tagasaste + 7% oil mallee
alleys + optimum water use.

Outcome: 23% salt
PV costs: $190/ha
PV benefit: $50/ha
B/C Ratio = 0.26

B/even prodn = 271%

10% tagasaste + 7% oil mallee
alleys + optimum water use +

30% of land containing wells @
1 well/30 ha.

Outcome: 8% salt
PV costs: $452/ha
PV benefit: $71/ha
B/C Ratio = 0.16

B/even prodn = 475%

Toolibin:
Current operating
surplus: $84/ha
Current salt: 10%
Salt at 50 years with nil
treatment: 35%

10% tagasaste + 10 year phase
farming

Outcome: 26% salt
PV costs: $51/ha

PV benefit: $26/ha
B/C Ratio = 0.51

B/even prodn = 151%

10% pines + 18% oil mallee
blocks + 10 year phase farming.

Outcome: 14% salt
PV costs: $259/ha

PV benefit: -$14/ha
B/C Ratio = -0.05

B/even prodn = 695%

10% pines + 18% oil mallee
blocks + 10 year phase farming
+ 30% of land containing wells

@ 1 well/30 ha.

Outcome: 3% salt
PV costs: $495/ha
PV benefit: -$1/ha
B/C Ratio = 0.00

B/even prodn = 865%

Medium Plus

10% pines + 7% oil mallee
alleys (50 m spacing) + 10 year

phase farming.

Outcome: 14% salt
PV costs: $169/ha

PV benefit: -$27/ha
B/C Ratio = nil

B/even prodn = 430%

As above

Date Creek:
Current operating
surplus: $82/ha
Current salt: 8%
Salt at 50 years with nil
treatment: 25%

30% bluegums + optimum water
use.

Outcome: 16% salt
PV costs: $358/ha

PV benefit: $161/ha
B/C Ratio = 0.45

B/even prodn = 290%

30% bluegums + 10 year phase
farming.

Outcome: 14% salt
PV costs: $300/ha

PV benefit: $157/ha
B/C Ratio = 0.52

B/even prodn = 435%

30% bluegums + 10 year phase
farming + 25% of land
containing 1 well/8 ha.

Outcome: 13% salt
PV costs: $1116/ha
PV benefit: $158/ha

B/C Ratio = 0.14
B/even prodn = 2350%

Explanations of the above Table.
1. The first column is the “do nothing different”  scenario.  The current operating surplus is assumed to apply to each

ha of productive land – but that area is reducing progressively as more of it turns to salt.
2. PV costs is the sum of all future costs of the strategy discounted back to a present day value using 7% discount rate.

For example for N. Baandee – Low strategy, it will cost the equivalent of $182 ha-1 to implement the strategy if it
was all spent today.

3. PV benefit is the difference in returns per ha between the ‘with strategy’  and ‘do nothing’  scenarios. Again using the
N. Baandee – Low strategy, the PV benefit of $39/ha means that each ha will return $39 ha-1` more under the
strategy than it will under the do nothing approach.

4. B/C Ratio is simply the benefits divided by the costs.  A B/C Ratio greater than 1 means the benefits are greater
than the costs so it would be a worthwhile strategy to adopt – from the on-farm financial benefits alone.
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5. B/even prodn stands for “break even production” .  This is the amount of increase in the current agricultural
production from arable (not planted to trees) land required to break even with the costs of the strategy.

Assumptions for  economic analysis.

On-farm production benefits only.

Discount rate = 7%.

Current operating surplus’  from Bankwest benchmarks 1997:
Low impact  = North Eastern Wheatbelt
Medium impact = Great Southern
High impact = Kojonup

All ‘establishment’  costs incurred over the first 10 years.

Nil returns from salt areas.

Wells cost = $5,000 each. Annual running cost = $2000/well.

Oil mallees: (a) Establishment cost = $1300/ha
(b) Returns: N. Baandee - av. $60/ha/yr

Toolibin – av. $85/ha/yr

Tagasaste: (a) Establishment cost = $100/ha
(b) Returns: N. Baandee - av. $60/ha

Toolibin - $85/ha/yr

‘Optimum water use’  has an annual extra cost = $15/ha

Lucerne:(a) Lucerne cost of establishment = $120/ha
(b)  Replanted every 10 yrs

Pines (Toolibin): (a) Assume self planted @ $750/ha
(b)  Equiv. annual annuity = $15/ha/yr

Bluegums (Date Creek): (a) Cost of planting = $1000/ha
(b) Equiv. annual annuity = $120/ha/yr


