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1. Background.

Members of the Senior Officers Group, acting on behalf of the State Salinity Council (SSC) invited a group of scientists
concerned with the ‘lack of reality in terms of treatments impact on salinity’ of the revised Salinity Action Plan to meet
with it on 16 April 1999. As aresult of discussions at this meeting, Mr Alex Campbell, requested that selected members
of the Research and Development Technical Committee (RDTC) prepare, inter alia, some preliminary estimates of the
effect of various recharge management strategies on the extent of dryland salinity development in the wheatbelt of
Western Australia. This ‘six week modelling contract’ was required to bridge a gap with more detailed work being
undertaken within the National Land and Water Audit, Salinity Scenarios 2020 (SS2020) project due to be published in
2000. It was hoped that the results of the six week modelling contract would be similar to those of SS2020, and thereby
allow publication of accurate and scientifically based treatments within Salinity Action Plan 2 (SAP2).

However, at the meeting it was emphasised, that with the best intentions and efforts of the RDTC, because of the limited
time available for the analysis, and the consequent simplifications that would be necessary, there would inevitably be
some differences between the estimates contained in SAP2 and SS2020. The terms of reference for this study are
attached (Appendix 1).

A sub-committee of the RDTC met by telephone on 7 May 1999, and decided that given the tight time constraints
CSIRO Land and Water's (CLW), Flow Tube model was the only model able to be set up and run for the number of
sites required to complete the analysis properly. The list of sitesto be modelled, selected to be representative of the wide
array of conditions within the agricultural areas, was also approved. Members of the sub-committee were Dr Richard
George (RG) Agriculture Western Australia (AgWA), Dr Bob Nulsen (AgWA), Dr Tom Hatton CLW, Dr Paolo
Reggiani (PR) CLW, Mr Geoff Mauger (GM) Water and Rivers Commission (WRC), Dr Christopher Clarke (CC)
Murdoch University, and Sally Marsh (the executive officer of RDTC; University of Western Australia). It was also
agreed that GM would run a number of catchments in the WRC's more complex three-dimensional model, MAGIC, if
time were available. These results are reported elsewhere.

This report describes the results of the Flow Tube modelling. The group delegated by the sub-committee to carry out the
task were RG, CC (joint project management), PR, and Mr Geoff Hodgson (GH) CLW. This group was subsequently
joined by Dr Ramsis Salama (RS) CLW.

Appendix 1 shows that the principal deliverables required of this modelling exercise were:

1. “...astate-wide graph of salt-affected land through time with and without SAP2...";

2. “...regiona (up to 8) graphs of salt-affected land through time under different recharge reduction scenarios...”, and
3. “...the assumptions behind the estimates and recommendations for further work...”.

These will be dealt with in the reverse order in this report.

Up to 8 June 1999 the time spent on this exercise by the team is estimated to be 250 hours, and the break up of this by
person isshownin Table 1.

Table 1. Thetime spent carrying out the modelling exer cise.

Person Hours
RG 50

CcC 50

PR 100
GH 30

RS 10
Others (egCHG) 10
Total 250

2. Methodology

Of the sites agreed to on 7 May 1999, 15 have been modelled, and their locations are shown in Figure 1. These can be
divided into seven complete (or almost complete) catchments and eight hillslope sections. Land surface topography,
basement topography, current water level and rate of rise data for these sites were provided by RG, RS, and AQWA
Catchment Hydrology staff: Rod Short, Ruhi Ferdowsian, Cecilia McConnell and Russell Speed. These data were
digitised by GH, and the models developed and run by PR.
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Decisions on the parameters to be modelled such as thickness and saturated hydraulic conductivity (K«) of the aquifer,
and recharge to the aquifer, to be modelled in each case, were made by RG, CC, PR, and RS. In al sites where it was
possible, published data were used.
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2.1 Flow Tube Model.

The Flow Tube Model has been adopted from a formulation provided by Warwick DawesCLW, developed for the one-
dimensional analysis of the aquifersin the Liverpool Plains, Northern NSW. Thisis based on the numerical solution of
the Boussinesq equation for a one-dimensional domain.

The Boussinesq equation is a second order differential equation stated in terms of the piezometric head h(x,t) of the
aquifer:

d[h(x AKX, t)] SA(X DK (X)——2 dh(X te §+ R(x,t)

S(X) ot

where s(x) is the specific yield of the soil at location x along the flow tube, A(X) is the cross-sectional area of the flow
tube, Kg(X) is the saturated hydraulic conductivity and R(x,t) is the net recharge function to the aquifer, dependent on
space and time. The solution of the differential equation requires the imposition of an initial condition and two
boundary conditions. The initial condition is given by water levels measured in the field through a series of piezometers
positioned along the stream line of the particular flow tube:

The two boundary conditions are described below.

At the downstream end of the flow tube, where the water table reaches the soil surface or where a creek is present a
constant piezometric head isimposed.

h(0,t) = h,
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A second boundary condition is set at the uphill end of the flow tube by imposing a no-flux boundary. This condition,
also known as Neuman condition, is expressed in mathematical terms as;

dh(l,t) _
dx

0

Additional specifications are required for a consistent representation of the seepage face when the calculated
piezometric heads reach the soil surface. In this case the head in the model is set equal to the land surface elevation and
the respective excess volume of water included between the calculated piezometric head surface and the land surface
elevation is removed as saturation excess flow from the flow tube. A maximum threshold discharge across the soil
surface is imposed during the simulations. If the calculated discharge exceeds the maximum allowed discharge, the
pressure heads are once again set equal to the land surface elevation and the surplus volume is redistributed along the
flow tube.

The soil of the study catchments is generally layered, consisting of a saprolite aquifer overlain by the low-conductivity
pallid zone aquitard. The layered structure of the hydraulic conductivities has been accounted for by assuming a single
effective conductivity over the whole cross section of the flow tube cells. The effective conductivity is estimated as the
harmonic mean of the conductivities associated with the individual layers:

where | isthe total depth of the flow tube, |; are the depths of the layers, K; are the saturated hydraulic conductivities of
the soil in each layer and n isthe total number of layers.

The governing differential equation is solved through an explicit finite-difference scheme for a number N of model cells.
The mass conservation of the model is checked at every time step. The simulations were carried out starting from the
imposed initial condition over a time-period of 100 years with a 1-day time-step. The isochrons of the head surface
(lines approximating the watertable at a particular time, in the Figures in Appendix 2) are represented at five-year
intervals.

3. Assumptions.

This section satisfies Deliverable 3 requested by the ‘contract’. The principal assumption made is that the Flow Tube
model is one-dimensional and, since it was run for this exercise as a 1m wide tube, no alowance was made for
convergence. Convergence may exacerbate the currently modelled extent of dryland salinity. While disregarding
convergence was recognised to be unrealistic of actual catchment conditions, it was postulated that it would not
significantly alter the relative impact of recharge reductions on extent of ‘salinity’, and was all that was possible in the
time available. By contrast, running of the model as a single flow tube, often along the drainage line (particularly for the
sites classified as catchments), will tend to underestimate the effectiveness of treatments since catchments have the
greatest inertia to change in salinity extent in this direction. These assumptions must be tested regorously in more
complex models at alater stage.

Estimates of the impact of treatment scenarios on the extent of dryland salinity were made by assuming that al land
lying along a flow tube was potentially salt affected when the watertable was within 1 m of the soil surface. All results
are therefore represented as % flow tube with a watertable within 1 m of the surface.

In order to make the models representative of as wide as possible an area and to avoid a level of unsubstantiated and
unnecessary detail, the simplest description of thickness and saturated hydraulic conductivity (K ) of the aquifer, and
recharge to the aquifer, were selected. These base parameters, chosen where possible from the published literature, are
shown in Table 2. The model was calibrated by comparison of early (but not initial) modelled rates of rise of water table
with the present rate of rise of the piezometric surface ‘averaged’ for the catchment. As aresult of this calibration, the
specific yield used by the model was changed from 0.05 to 0.1, and this value gave a much better fit with the measured
rates of rise.

Table 2. Recharge, Ky, and rate of water level rise for each site.

Site Recharge K st Aquifer Thickness Rate of Rise
Tertiary Sediments ~ Saprolite Aquifer
(Mmyear”)  (mday”) (m) (myear )

Catchments
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Merredin 20 0.6 10 0.25

MillsLake 35 0.6 5 05
North Baandee 20 0.6 10 0.25
Skeleton Rocks. 15 0.6 10 0.2

Toolibin 30 1 10 0.2
Towerrinning 50 3 10
05 20 05

Welbungin 20 0.6 10 0.2

Hillslopes

Cuballing 40 0.6 20

Goodlands 20 0.6 10 >0.24

Martagallup (Kent) 35 0.6 10
1.0 balance of section
Narrogin 40 0.6 5 0
Tammin 20 0.6 5 0.1
Wallatin Creek 20 0.6 5 0.25
Yornaning 35 0.6 10 >0.3

A Short record.

A number of different recharge scenarios were modelled at each site in order to see what was the impact of each
individual management strategy at each site. In addition, the trend of the change in salinity extent with increasing
recharge management was examined to see if there were any differences in the way individual sites responded to
increasing recharge management. The five recharge reduction levels and likely landscape treatment scenarios are listed
in Table 3.

Table 3. Recharge scenarios modelled.

% of base case Scenario

200 Episodic recharge, higher rainfall, together with do nothing different (worst case)
100 Do nothing different from today (base case)

50 Assumes SAP2 totally implemented; only likely in high rainfall zone (perennials?)
25 SAP2 + widespread installation of groundwater pumps and drains

10 Deep-rooted, perennial plants “effectively planted everywhere’

4. Results.

Cross sections of each site modelled for each recharge scenario, showing water levels (isochrons) at five year intervals
for 100 years, are included as Appendix 2. These results satisfy Deliverable 2 of the ‘contract’. Graphs showing the
amount of recharge (mm year™) plotted against the proportion of the flow tube where water levels are within 1m of the
land surface, for each catchment, is shown in Figure 2, and for each hillslope in Figure 3. Graphs showing the proportion
of recharge compared to base case recharge for each scenario, plotted against the ratio of the length of the flow tube
where levels are within 1m of the land surface, for each scenario, to that length for the base case, for each catchment is
shown in Figure 4, and for each hillslope in Figure 5.
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5. Discussion and Conclusions.

Because of the simplifications inevitably involved with this modelling, these results should be treated with
caution.

Examination of Figure 4 shows that there appear to be three patterns of response by whole catchments. Skeleton Rocks
shows a very rapid response to changes in recharge, North Baandee, Toolibin and Welbungin show an intermediate
response, whilst Merredin, Mills Lake and Towerrinning have a very sluggish response. This difference in performance
in relation to recharge management is thought to be driven, in part, by geomorphological differences, however, we have
not yet had enough time to unravel which of the parameters have a controlling influence. Our analysisis based primarily
on the observation that Skeleton Rocks valley has a dominantly convex land form (although it is also has the lowest
recharge), that the intermediate group are essentially flat, and finally that the “sluggish” group have a more complex
land form with a number of concave areas within the profile. It may be that there is no ‘significant difference’ between
that latter groups.

Figure 6 shows lines drawn to represent behaviour of the flat and the concave groups of catchments. The area between
these two lines is shown shaded and it is expected that most catchments will behave within this envelope. Convex
landforms may follow the pattern of Skeleton Rocks.

Figure 6 satisfies the part of Deliverable 1 that deals with the change in area of salinised land induced by management of
recharge, but does not address the change in onset time caused by management of recharge. It would be possible to
model the latter effect using the Flow Tube model, but as here a constant time has been modelled (100 years), a constant
proportion of salinised flow tube would beed to be modelled, to establish any meaningful relationship. This would
require more iterations of the model and the time available did not allow for this, however, examination of the isochrons
(the five year interval water level lines) in the graphsin Appendix 2 will give some indication of this effect.

Examination of Figure 5 shows that there is an essentialy continuous range of behaviours for the hillslope sites,
although most respond as expected when the recharge is reduced below the base case, by changing slowly at first and
then increasing in rate of response as the recharge management is increased. The exceptions are Arrowsmith which has
ahigh K, and is very flat, and Narrogin which is relatively steep with only a small proportion of the slope discharging.
The reason for this scatter of performanceis as yet unresolved.

Because we are yet to determine which parameters are controlling the variable response at the hillslopes modelled, we
suggest that attention should be focused on the results from the modelling of the seven compl ete catchments (Figure 6).

6. Recommendations.

Continuing support for SS2020 modelling - based on the Flow Tube model - be provided by SSC.

Comparison of the Flow Tube model results with more complex three-dimensional model results, such as those from
MAGIC or MODFLOW, should be made as soon as possible.

Three-dimensional modelling of representative agricultural catchments should be carried out using an appropriate
model, perhaps a modification of the Flow Tube model or MAGIC, or some other similar model.

Modelling, using appropriate field data (eg AQET perhaps) of the drainage beneath different treatments and
combinations of treatments.

Quantification of the amount of discharge occurring at saline sites with differing cover types (eg Land Monitor)
would be very useful to allow better quantification of risk.
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Appendix 1.

Contract Brief: Estimate of theimpact of the Salinity Action Plan 2 on the amount, rate of development and
severity of salt-affected land in WA

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 on 16" May it was decided to ask
the Salinity Council R&D Technical Committee to do carry out some rough estimates 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 16™ May meeting, further technical discussions between members of the SC R&D Technical Committee, and a
subsequent meeting of the SalAP Steering Commiittee, the terms of reference for the study were refined to be as follows:

1. Estimate the impact of the current Salinity Action Plan on the eventual area of salt-affected land and delays in its
development as compared with a do-nothing case

2. Edimate the effects of different reductions in recharge on the area likely to be affected and delays in its
development. Note what methods would be required to achieve each reduction.

Estimate the different severity categories of salt-affected land through time, and
4. Examine the current estimates of salinity costs that appear in the Draft Update, and ensure that they are reasonable.

Because the time to groundwater equilibrium varies markedly with rainfal, it does not make sense to develop only one
relationship between time and salt-affected area for the whole state. Relationships for representative regions would be
more enlightening.

M ethodologies

1. Hydrologists in the SC R&D Technical Committee (Hatton, George, Nulsen, Clarke, Mauger, Reggiani and
McFarlane) will carry out hydrological modelling of up to 20 catchment cross-sections from different regions under
various recharge rates. Additional whole-catchment modelling will be carried out in the Kent. Sensitivity analyses
will be carried out for key variables (recharge, T).

2. Ed Barrett-Lennard will convene a group to develop possible changes in salt affected land categories through time
using salinity mapping carried out by Buddy Wheaton and others as well as data from the Natural Resources
Assessment Group.

3. Martin van Bueren will assess the current estimates of salinity costs that appear in the Draft Update and ensure that
they are areasonable

4. A meeting will be held in early June (7" June pm or 10" June am) to review the results and develop typical regional
scenarios. Also in this week the NDSP Operations Committee and the International Association of Hydrogeologists
Salinity Workshop will be held so most people will be in Perth.

5. A report will be drafted by Sally Marsh summarising the results of the work and circulated to Salinity Council
members and the SalAP 2 Steering Committee by the 16™ June.

6. Members of the SC R&D Technical Committee (possibly Hatton, George, Barrett-Lennard and van Bueren) will
brief the Council at its meeting on 25" June.

Deliverables

1. State-wide graph of salt-affected land through time with and without the Salinity Action Plan. The approximate area
of land for both scenarios under the following land uses will be estimated; commercial saline, non-commercial
saline, commercial woody perennials, remnants and nature conservation plantings, commercial perennial pastures
and fodder shrubs, commercial annuals.

2. Regiona (up to 8) graphs of salt-affected land through time under different recharge reduction scenarios and
possible methods whereby the reductions could be achieved.
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A report on the assumptions behind the estimates and recommendations for further work.

4. A section of the report will detail likely changes in salt-affected land severity categories through time and the
consequences of these for R, D and E.

5. A section of the report will examine the current estimates of salinity costs that appear in the Draft Update and state
whether they are areasonable. The review of salinity costs will be limited to:
the annual cost of salinity to agriculture based on the current level of salinity,
the likely future cost of salinity to agriculture under a'do nothing' scenario.

a subjective examination of the public costs of salinity, and how they compare to agricultural costs.
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