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Executive Summary

Shallow saline groundwater in the low lying agricultural land of the Upper South East region of
South Australia has negatively impacted the productive capacity of the inter-dunal flats and the
health of wetlands located along the western edge of the flats (such as the Marcollat
Watercourse). Groundwater drains can be an effective approach for the removal of excess shallow
groundwater and salt, and maintain the watertable below the depth where salinisation and
waterlogging of land can occur.

Resource & Environmental Management Pty Ltd (REM) was engaged by the Department of Water
Land and Biodiversity Conservation (DWLBC) to undertake an assessment of the likely impacts of
the proposed Didicoolum Drain on local groundwater levels beneath the Marcollat Flat. The area to
be serviced by the proposed drain comprises low lying inter-dunal plains located about 50 km
northeast of Kingston S.E. on the road to Keith.

The purpose of this hydrogeological assessment and numerical modelling exercise was to provide
answers to questions asked by landholders during the consultation process established by the
Upper South East Program team for decision making for the proposed Didicoolum Drain. The work
described in this report is intended to provide an objective understanding of the relative potential
impacts of drainage and wetland management scenarios on the shallow aquifer underlying the
inter-dunal flat. The model results are not intended to be an exact representation of present or
future physical conditions in the area modelled. Rather, the results are considered to be useful as
a semi-quantitative illustration of the relative changes in groundwater conditions that can be
expected from the various components of the proposed works package. The key components of
the works package proposed by DWLBC are:

e Construction of a 1.5 to 2.0 m deep drain (the Didicoolum Drain);

e Operation of a weir within the drain to maintain the watertable along the drain at pre-drain
levels through the spring period; and

¢ Re-instatement of wetland sills at natural levels within Marcollat Watercourse.

This assessment has used existing hydrogeological information combined with analysis of new
groundwater monitoring and slug testing data, collected by REM and DWLBC, to inform the
development and use of a simplified numerical groundwater flow model to estimate the likely
extent of impact of the proposed drain and potential interactions with nearby features including
wetlands.

The following key conclusions have been drawn from the results of the limited field investigations
and groundwater modelling:

Aquifer properties

A compilation of the local hydro-stratigraphic data has shown that there is a complex mix of
aquifer material within the inter-dunal flats that can be broadly characterised as being mainly
limestone (with some clay content) on the eastern part of the flat and mainly clayey sand and
sandy clay on the western part of the flat. There are sand layers on the western part of the flat
which are likely to be capable of being drained.The extent to which the occurrence of the clayey
sediment controls aquifer hydraulic conductivity appears to be variable. The

Aquifer testing (by slug recovery tests) indicates that the hydraulic conductivity of the shallow part
of the aquifer on the inter-dunal flat along the Marcollat watercourse is lower (0.03 — 0.7 m/day)
than measured in pumping aquifer tests elsewhere in the Upper South East (9 — 47 m/day). It is
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acknowledged that the reliability of estimates of hydraulic conductivity from slug recovery tests is
lower than estimates from pumping aquifer tests, although local geological logs indicate that
limestone on this flat contains some clayey material. For the purposes of groundwater modelling a
range of hydraulic conductivity values were used.

Impact of the drain on groundwater levels

The proposed 1.5 m deep drain appears to not significantly lower summer (end of May)
groundwater levels on either transect and will thereby minimise drainage impacts. This is because
the summer water levels (estimated by the model) are generally deeper than 1.5 m on each of the
transects. Based on these results it is expected that the 1.5 m drain will not provide significant
benefit in the management of dryland salinity.

The model suggests that the 2 m deep drain will not significantly lower the summer groundwater
level on the Kyeema transect (because of the greater depth to groundwater), but will reduce the
level of the summer groundwater level on the South Reedy transect where groundwater is
shallower. The latter scenario will reduce the evaporative demand that causes the accumulation of
salt in soil and will therefore provide greater protection from dryland salinity.

The 2 m deep drain will be more efficient in lowering groundwater levels by keying into a more
permeable part of the aquifer, especially at locations near North Swamp where the clay material
extends to around 2 m bgl.

The proposed 2 m drain is unlikely to have a significant impact on stock bores located on the
eastern side of the drain near the Kyeema transect, including through the summer months when
the use of the bore would be to be higher. This is because the expected drawdown in the vicinity
of the stock bores will be very small in comparison to the saturated thickness of the aquifer
accessed by the stock bore.

The impact of the drain (as far south as South Reedy) under the low hydraulic conductivity
(1m/day) scenario is less extensive laterally when compared with the high hydraulic conductivity
(20m/day) scenarios.

Operation of the weir in the drain

The operation of a weir in the drain through spring maintains pre-drain groundwater levels to the
start of summer at Kyeema, which means the drain is less likely to cause soil moisture losses. The
operation of a weir has less impact to the south (near South Reedy, because of the grade), but still
reduces the effect of the drain while in operation. It will be critical that there is agreement to the
operational rules for the weir to avoid adverse impacts that could occur if the weir causes drain
water to recharge back into the local groundwater system during late winter and spring, especially
if the drains carry saline water. The intention of using the weir should be to mimic natural (pre-
drain) variation in groundwater levels during spring and then remove the weir to allow the drain to
operate at full capacity during the summer months.

Reinstatement of sills to natural levels within the wetlands

Reinstatement of sills to natural levels within the wetland basins and retention of water through the
June to October period each year is likely to result in groundwater mounding beneath the western
side of the inter-dunal flat. The mound is estimated to extend in both an easterly and westerly
direction The impact will be greater if water is maintained in the wetlands through the spring and
summer. The presence of the mound means that the drain does not have an adverse impact on
groundwater levels near the wetland during winter periods, and it is considered that a drain is
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10.

required to help alleviate the potential impacts of groundwater mounding on agricultural
production.

The model results indicate that the mounding dissipates by the end of May, however, it is likely that
the model underestimates the true impact of reinstatement of sills to natural levels since it is likely
that water will be retained within the wetland for a longer period than assumed, especially if
additional flows are directed from the south. Extension of the period of inundation of the wetlands
will result in higher groundwater levels during the summer period when evaporative demand is
higher.

It is important that rules for operation of the wetland sills be agreed and designed to ensure
environmental values are enhanced and to avoid adverse impacts to agricultural productivity.

The following recommendations have been provided based on the key conclusions of this
investigation:

1. To provide maximum effect on the problem of dryland salinity and to off-set potential impacts
from groundwater mounding associated with retention of water within the wetlands it is
recommended that a 2 m deep drain be constructed along the full alignment of the Didicoolum
Drain.

2. The operational rules for sills on the wetland basins and for the weir need to be agreed by all
stakeholders prior to construction of the drain. The wetland sills and weir should be operated
to avoid adverse impacts to agricultural productivity, while providing environmental benefit.

3. Further groundwater modelling should be completed using the models developed in this
project to test the effect of a range of weir operation scenarios on groundwater levels and to
inform the choice of an agreed set of weir operational rules.

4. Further development of this modelling approach should include a more comprehensive
assessment of the hydraulic conductivity of the aquifer with a pumping aquifer test.

5. Further structured sensitivity analysis would be useful in assessing the impact of uncertainty
and variability in model input parameters.

6. A monitoring program be put in-place as soon as possible to allow for the collection of
baseline groundwater information prior to construction of the drain and to provide a dataset
that measures the impacts of the drain, wetland sills and weirs on groundwater levels and on
agricultural productivity at targeted locations.

7. The present conceptual understanding does not satisfactorily explain the step change in
groundwater levels occurring to the west of the wetlands. More information is required to
refine the model to address this abrupt change. This task should include the installation of a
monitoring well below the Padthaway Formation (within the Bridgewater Formation) near the
dune on the western side of the flat.

8. To gain greater confidence in the potential performance of drains in the Upper South East it is
recommended that a model be developed for the Fairview Drain that is similar to the models
that have been prepared for the proposed Didicoolum Drain. Groundwater monitoring
undertaken prior to drain construction and following drain construction at the Fairview Drain
site provides a unique opportunity to check model predictions against actual performance. It is
expected that this type of modelling can support future reviews of drain performance.
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Impact Assessment of the Proposed Didicoolum Drain, Upper South East, SA

flat between the Woolumbool and Harper Ranges in the Marcollat region of
South Australia’s Upper South East.

The model results are not intended to be an exact representation of present or
future physical conditions in the area modelled. The results are considered to
be useful as a semi-quantitative illustration of the relative changes in
groundwater conditions that can be expected from the various components of
the proposed works package.

1.3 Scope and Objectives

The scope of the investigation described in this report is:
e Collate existing hydrogeological information;

e Collect additional groundwater level data from selected monitoring
wells;

e Collect and analyse “slug” recovery test data from selected
monitoring wells to determine aquifer hydraulic conductivity; and

e Develop and use a simplified numerical groundwater flow model to
estimate the likely extent of impact of the proposed drain on
groundwater levels and potential interactions with nearby features
including wetlands.
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2 GROUNDWATER INVESTIGATIONS

21 Data acquisition

The modelling and assessment presented in this report is based on a
combination of new and existing information. Available data for the study area
were obtained, including topography, hydrogeology (monitoring well location,
water level, salinity and stratigraphy) and hydrology (surface water features
and proposed management regime).

Two subsets of the existing monitoring wells were strategically selected for
measurement of groundwater levels and recovery (slug) testing. Monitoring
wells located in the vicinity of the proposed Didicoolum Drain are shown in
Figure 2.1, together with the two subsets of wells selected for water level
measurement and slug testing. Additional data from slug testing undertaken by
DWLBC (Saad Mustafa) on the Kyeema transect of wells were obtained and
included in this assessment.

The water level measurements are provided in Table 2.1.

Existing knowledge of the hydrogeology of the Upper South East region was
sourced from work including:

e drilling and aquifer testing documented by Fennell and Stadter (1992);

e modelling of groundwater drain performance by Armstrong and Stadter
(1992);

e modelling of the likely impacts of the Bald Hill Drain undertaken by Cox et
al. (2004);

e a report on the soils and groundwater of the Marcollat region undertaken
by Durkay (2004); and

e Additional information provided by Michael Leak (DWLBC)

The information contained in these reports was used to assist in characterising
the hydrogeology of the study area, around which a numerical groundwater
flow model has been constructed.

2.2 Aquifer testing

Slug recovery tests were carried out by REM on nine strategically selected
monitoring wells (refer Figure 2.1 for locations) to provide information on
aquifer hydraulic conductivity within the study area, for input to the modelling
exercise. The tests were completed on the 12" and 13" of May 2005.

Rising head slug tests were completed by instantaneously removing a slug of
water from the tested well using a portable ‘firefighting’ suction pump at the
surface and a hose fitted with a non-return valve inserted down the well.
Change in water level in the well was recorded using an In-Situ Inc.
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miniTROLL down-hole pressure transducer. The transducer was placed just
above the bottom of the well, to avoid contact with any sediment accumulation
in the well, and the suction hose was placed immediately above the
transducer. The water level in the well was rapidly drawn down until it reached
the pumping inlet at which point the suction hose was immediately removed
from the well and the water level was allowed to recover to within 5% of the
pre-pumping standing water level. Data were recorded electronically on a
laptop computer, at 0.5 second intervals, as pressure in pounds per square
inch above the transducer. The raw data were later transformed into depth to
water in the well using a two step process. A calculation was applied to give
the height of water column in the well, using the approximate groundwater
salinity, and then the data were adjusted using the known (measured) depth to
water at the completion of the test as a reference point.

Analysis of the rising head slug test data was undertaken using the Bouwer-
Rice method (Bouwer and Rice, 1976) to determine horizontal hydraulic
conductivity of the aquifer in the vicinity of each well. This approach is suited to
partially penetrating wells in which the water level falls below the top of the
screened interval. In addition to the water level drawdown data, input
parameters included well casing diameter of 79 mm ID, drillhole diameter of
140 mm and the total depth and screened interval of the wells.

Analysis was also undertaken on falling head slug tests completed by DWLBC
personnel on the “Durkay” transect of wells situated on the property, north of
the Kingston-Keith Road (refer to Figure 2.1 for locations). These tests were
completed on the 19™ of April 2005. Excessive noise in these water level
measurements reduces the level of confidence that can be placed in the
derived hydraulic conductivity values from the DWLBC tests. The cause for the
poor quality of this data is unclear, but it may be an artifact of the measurement
technique used.

The data and analysis of the test data are provided in Appendix A.

2.3 Hydrogeological setting

The hydrogeological setting of the study area has been interpreted from the
regional hydrogeological map sheet (Cobb and Barnett, 1994) together with
available site specific stratigraphic and hydraulic information.

2.3.1 Regional aquifers

The regional unconfined groundwater flow system occurs in the Quaternary
limestone aquifers. The Bridgewater Formation, comprising consolidated shelly
quartz and calcarenite, forms the northwest — southeast trending stranded
beach dune ridges and in the study area it is also the primary aquifer unit. The
semi-consolidated calcarenite, sandy clay and reworked limestone of the
Coomandook Formation is a component of the watertable aquifer underlying
the Bridgewater Formation. For purposes of this assessment these two units
have been considered as one. The inter-dunal flats comprise the
unconsolidated reworked sand, silt, marl and limestone of the Padthaway
Formation, overlying the Bridgewater Formation to depths of up to about 10
metres.
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An idealised representation of the hydrogeological setting is provided in Figure
2.2,

2.3.2 Local aquifer properties

The recovery testing results from both transects of bores suggest hydraulic
conductivity values in the upper 6 m of the inter-dunal flat ranging between
0.03 and 0.7 m/day (as shown in Figure 2.3). These values are considerably
lower than previous estimates quoted in Fennell and Stadter (1992) of between
9 and 47 m/day from wells that ranged between 5 and 8 metres deep at
selected sites across the region. The lithology at these sites consisted mainly
of sand and limestone with a generally large component of clay throughout.
These sediments appear to be consistent with the reworked material of the
Padthaway Formation. The closest of these sites to the current study area
(Coola-Coola) is situated about 30km to the northwest and recorded the value
of 9 m/day. While it is entirely possible that local scale variability occurs to the
extent indicated by these data, it is also acknowledged (Kruseman and De
Ridder, 1994) that slug testing is a less robust method for determining aquifer
hydraulic conductivity than longer term pumping tests such as those conducted
by Fennell and Stadter (1992). In particular, slug testing provides a much more
localised indication of aquifer properties than a pumping test.

Hydro-stratigraphic cross-sections were produced from the geological logs
available for wells along the South Reedy Swamp, North Swamp and Kyeema
Swamp (Figure 2.3) transects. These logs indicated soil profiles with varying
proportions of sand, clay, loam and limestone. Overall there appears to be
some clay content throughout most of the profiles. The only occurrence of
exclusively clay soils was in localised pockets such as the sub-surface zone
beneath North Swamp and the zone east of South Reedy Swamp. There
appears to be greater clay content in the profiles to the west of the flats. The
extent to which the occurrence of the clays controls the hydraulic conductivity
appears to be variable (refer to hydraulic conductivity values shown in Figure
2.3).

Cox et al. (2004) undertook some mineralogical testing on soils on flats to the
west and found that material logged as containing clay was actually fine sand,
calcite and ankerite, indicating that the hydraulic properties of this material
allow for drainage.

Localised lenses of cleaner sand occur in areas such as the small rises on the
eastern sides of the South Reedy and North Swamps, and the central area of
the Kyeema transect.

No exclusively clay soil has been recorded along the Kyeema transect. Of
particular importance to the inferred hydraulic properties of these soils is the
observation that almost all of the limestone present in this area, which is more
extensive to the east, contains a significant proportion of clay, either in the form
of a clayey matrix or as clay bands. It is likely that this clay content significantly
reduces the hydraulic conductivity of the limestone soils potentially leading to
the low conductivity values calculated from the slug testing of the monitoring
wells along these transects.
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A degree of local scale variability is evident in the near surface soil properties
of the Padthaway Formation, and this variability translates into a certain degree
of variability in aquifer properties across the flat. In the context of groundwater
drainage the soil properties within about 2 m of the surface are of most
interest. However, slug testing of available monitoring wells, which are
approximately 6 m deep, provides an average value for the saturated thickness
screened by the well. With reference to Figure 2.3 it can be seen that, while
seasonal fluctuation of the watertable would change the saturated thickness by
a small amount, it is unlikely that this would significantly change estimates of
hydraulic conductivity due a change in overall soil properties. In terms of drain
performance, exceptions to this condition might occur if the winter watertable
intersects sand lenses, such as the one in the near surface on the Kyeema
transect, and more effective drainage results in these localised areas. In
general though, it appears that the near surface zone is probably composed of
less permeable soils than the underlying profile.

For the purposes of groundwater modelling, the Padthaway Formation on the
inter-dunal flat has initially been considered as a zone of broadly uniform lower
hydraulic conductivity. Only the more clayey zone on the western part of the
South Reedy transect has been distinguished as an even lower conductivity
zone.

The underlying Bridgewater Formation has been considered as the higher
conductivity regional limestone aquifer. In the modelling component of this
work a comparison has been made between the differing effects on drain
performance of these two hydraulic conductivity scenarios.

2.3.3 Local hydrogeological conditions
Longeranong/Willalooka Station

In May 2005 depth to groundwater varied between 1.35 and 6.91 m below
ground level (bgl) in wells measured in May 2005 (Table 2.1). The watertable
was shallower than 2 m bgl across the flats to the east of the wetlands, with the
exception of the local area adjacent to North Swamp. Areas of deeper
watertable in the vicinity of the wetlands and into the dune area to the west
were associated with a more elevated ground surface.

In May 2005 the watertable along a transect of wells perpendicular to South
Reedy Swamp was shallowest in the vicinity of the proposed drain alignment
(1.35 m bgl at MAR105), extending to the east and west across the flat at
similar shallow depths, while to the west the depth to groundwater increased to
6.9 m bgl (MARO099). The end of winter (August 1998) watertable along the
South Reedy transect of wells ranged between 0.19 and 6.77 m bgl and
showed characteristics similar to the end of summer watertable, but at
shallower depths. In particular, the watertable was almost at ground surface
across much of the flat, with depths generally less than 0.5 m.

Regional groundwater elevation contours suggest that groundwater flow is
generally from east to west (Armstrong and Stadter, 1992). Spatial
interpretation of the May 2005 monitoring data is consistent with this regional
flow pattern. Localised groundwater flow might also occur with the topographic
gradient from the ranges to the flats and possibly northwards beneath the flats.
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scenarios that use low and high hydraulic conductivity values for the shallow
aquifer.

While the model was calibrated to the winter and summer water levels, there
was not a transient calibration to the full annual and inter-annual trends in
groundwater levels. The primary objective of the calibration was to
approximately replicate the depths of groundwater observed and replicate the
groundwater gradient below the inter-dunal flat. A comparison between the
modelled groundwater surface and measured groundwater levels is provided in
Appendix C.

Model simulations were run in transient state for three years using the
specified seasonal pattern. Model calibration was achieved to within 10 — 15 %
root mean squared (RMS) error.

The choice of recharge and evapotranspiration values and their distribution has
been guided by those used in previous modelling or developed from other
investigations (e.g. Cox et al, 2004, and Armstrong and Stadter, 1992). To
maintain consistency with other modelling work it has been assumed that
recharge on the dunes is lower than that occurring on the inter-dunal flats,
while evapotranspiration occurs uniformly across the model depending on the
depth to water table. The conceptual justification for this choice of recharge
distribution is that rainfall runoff will occur from the dunes, while accumulation
and ponding of rainfall and runoff will occur on the flats, causing higher rates of
recharge.

The extinction depth for evapotranspiration has been set at 2 m, with the
exception of a zone on the western side of the flats where 5 m was used to
represent deep rooted woody vegetation in the vicinity of the wetlands.
Recharge has been applied during the winter period (and assumes a net
recharge value) and only evapotranspiration during summer. The use of an
extinction depth of 5 m for vegetation may over-estimate the rate of
evapotranspiration where water tables are shallower than 5 metres — meaning
that actual rooting depths are likely to also be less than 5 m. Future modelling
should include a sensitivity analysis to determine the impact of a range of
extinction depths.

The recharge and discharge values used in the model have not been cross
checked through water balance modelling. It is acknowledged that the
evapotranspiration and recharge rates will vary depending on land cover and
soil type. A more comprehensive transient calibration of the groundwater
models would need to be accompanied by a more detailed evaluation of spatial
and temporal variability of these fluxes.

The modelled timing of the recharge and discharge regime together with the
timing of drainage, weir pool and wetland sill operation is indicated in Table
3.1, and their locations in the model structure are indicated in Appendix B.
Table 3.1 shows that there are two stress periods representing “summer”
(November to May) and “winter” (June to October) within the model. The model
stress periods have been discretised further to allow for a period when the
drain weir is in operation from September to November (refer section 3.2.3).
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3.2.3 Drain, weir and wetland sill levels

Various model scenarios included the use of a drain (modelled using the
MODFLOW drain package), a weir within the drain (modelled using the
MODFLOW river package where the stage height represented the weir pool)
and retention of water within the South Reedy and Kyeema wetlands (also
modelled using the river package).

A range of drain depths have been modelled in the predictive analysis to
represent the range of options currently being discussed by the USE Program
team. These depths range from 1.5 to 2 m bgl for the revised alignment and
1.5 to 2.2 m bgl for the proposed alignment. The proposed drain alignment is
as shown in Figure 2.2. The revised alignment has the drain close to the
Kyeema wetland north of the Kingston — Keith Road.
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Table 3.1 Annual timing of modelled climate, drainage and wetland regimes.

SUMMER

DRAIN

Oct Nov J Dec

183

SUMMER

WEIR/DRAIN

DRAIN
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An aspect of the proposed solution is to place a weir in the drain at the
downstream end of the Kyeema property to maintain groundwater levels near
the pre-drain level through spring to allow retention of soil moisture during the
pasture growing season. Weir pools have been included in some of the model
scenarios. Ideally the weir pool level would be altered over time by lowering the
weir at the rate of groundwater level decline (equivalent to the pre-drain
conditions) through spring and then removed to allow the drain to lower
groundwater levels through summer and winter. In this work the weir pool has
been held constant at the pre-drain winter maximum level until the end of
November and then removed to allow the drain to lower groundwater levels
through summer and winter. This has provided a conservative indication of
potential impacts resulting from the weir pool level being elevated above that of
adjacent groundwater. However, if the weir is operated correctly there should
be no net impact, relative to the pre-drain condition.

DWLBC have proposed the re-instatement of sills in the wetland basins to
‘natural’ levels to restore environmental values in the watercourse. The model
enables comparison of the current low sill level scenario with a proposed
‘natural’ sill level scenario. The ‘natural’ sill level scenario assumes ponding in
the ‘winter’ months (June to October) only because the wetlands usually dry
out over summer.

Bed conductance values were derived for the wetland and drain to represent
the resistance to flow between the surface water body and groundwater
caused by the river or drain bed material. A very high bed conductance was
assigned to the drain so that there was no appreciable resistance to water
moving into or out of the drain. For the wetland, however, the bed conductance
value was estimated using the equation presented in the MODFLOW manual
(Waterloo Hydrogeologic, 2004), which is given as the product of the wetland
area and the hydraulic conductivity of the bed material divided by the thickness
of the wetland bed. The sensitivity of the model results to different bed
conductance values was not assessed in this work.

Table 3.2 summarises the specific input data used to calibrate the model and
to define the various drainage and wetland management scenarios are for

each site.

Table 3.2 Input parameters for the South Reedy and Kyeema models.

Dimensions
Length [m] 8000 8000
Width 10 x 10m rows 10 x 10m rows
Height [mMAHD] 0-33 0-35
Duration 3 years 3 years
Summer 245 days 245 days
Winter 120 days 120 days
Hydraulic Conductivity [m/d]
Regional 20 20
Inter-dunal Flat 0.7 0.2
Western Flat 0.1 0.2
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Storage [-]

Regional
Inter-dunal Flat
Western Flat

Kyeema

S,= 0.1; S¢= 0.001
S,= 0.05; S¢= 0.01
S,= 0.025; S,= 0.005

S,=0.1; S¢= 0.001
S,= 0.025; S;= 0.005
S,= 0.025; S,= 0.005

Recharge [mm/yr]

Low K inter-dunal flat
Dunes
Inter-dunal flat
Regional K throughout
Dunes
Inter-dunal flat
Western flat
Wetland zone

13
66

13
125
197

13
66

Evapotranspiration [mm/yr]

Low K inter-dunal flat
Dunes
Inter-dunal flat
Western zone

Regional K throughout
Dunes
Inter-dunal flat
Western zone

134; extinct at 2m bgl
134; extinct at 2m bgl
134; extinct at 5m bgl

268; extinct at 2m bgl
268; extinct at 2m bgl|
268; extinct at 5m bgl

141; extinct at 2m bgl
141; extinct at 2m bgl
168; extinct at 5m

201; extinct at 2m bgl
201; extinct at 2m bgl
201; extinct at 5m

Wetland

Bed Conductance [m%/d]

Current Sills Scenario [m]

20

20

Proposed Alignment
Shallower
Deeper

Revised Alignment
Shallower
Deeper

1.5 (27.15 mAHD)
2 (26.65 MAHD)

Summer Pool Depth 0 (27.2 mAHD) 0 (27.0 mAHD)
Winter Pool Depth 0.25 (27.45 mAHD) 0.2 (27.2 mAHD)
Natural Sills Scenario [m]
Summer Pool Depth 0 (27.2 mAHD) 27.0
Winter Pool Depth 0.8 (28.0 mAHD) 27.2
Drain [m]

1.7 (26.6 mAHD)
2.2 (26.04 mAHD)*

1.5 (26.6 mAHD)
2.0 (26.04 mAHD)*

Weir Pool in Drain [m]

Duration

Sept — Nov incl.
27.4 mAHD weir pool
27.1 mAHD weir pool

Sept — Nov incl.
Proposed alignment
Revised alignment

*calculated based on a 2 m drain at South Reedy and a 1:10,000 fall in the drain elevation.
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3.3 Modelled scenarios

The modelled groundwater drainage and wetland management scenarios are
defined by the various intervention options and management priorities for each
site. The South Reedy scenarios have been modelled with both the higher
regional hydraulic conductivity and the lower hydraulic conductivity measured
in the inter-dunal flat to test the model sensitivity to this parameter. The two
nominal drain depths of 1.5 m (shallower) and 2 m (deeper) have been
considered in this modelling exercise.

For the Kyeema transect, at the northern site where the landowner does not
see the drain as beneficial, a weir pool in the drain during a key period of the
year has been proposed to minimise the perceived negative impacts. A revised
drain alignment more to the west has also been proposed to further minimise
the drainage impacts across the inter-dunal flat. At this site it is of interest to
understand:

e The impacts of a shallower and deeper drain in the proposed alignment on
groundwater levels;

e The impacts of a shallower and deeper drain in the revised alignment;
especially on a stock bore located several hundred metres from the
revised alignment;

e The potential benefits of placing a weir in both the shallower and deeper
drains; and

e The impacts on groundwater levels of re-instating a “natural” full sill level in
the wetland under the various drainage options.

While for the South Reedy model, at the southern site where the drain is
perceived by landowners as beneficial, it is of interest to understand:

e The relative benefits of a deeper drain over a shallower drain along the
proposed alignment;

e The effect of pooling water in the drain associated with operation of a weir
during spring; and

e The impacts on groundwater levels of re-instating a “natural” full sill level in
the wetland under the various drainage options.

3.4 Model results

The modelling results are presented in three formats:

e Table 3.3 and 3.4 provide a summary of the numerical details of
watertable change for each scenario.

o Figures 3.1 to 3.11 show a selection of results in cross-section along the

modelled transect illustrating the relationship of the modelled watertables
to ground surface, the pre-drain watertable, the drain and the wetland; and
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e A descriptive summary provides an interpretation of some key
observations in relation to the modelling objectives.

Additional combinations of model output are provided in Appendix C.

3.4.1 Southern Transect: South Reedy Model

Prem

The South Reedy model has been run with the drain in the proposed
alignment. Two scenarios were run, which considered a low and a high
hydraulic conductivity on the inter-dunal flat. The results have been reported
for the end of winter (October) and end of summer (May) model periods. Table
3.3 presents a summary of results. Key observations are:

General

e The use of a higher hydraulic conductivity value for the inter-dunal flat
aquifer results in a larger and more extensive drain impact on the
watertable across the inter-dunal flat under all scenarios;

e With an assumed low hydraulic conductivity on the inter-dunal flat,
drawdown of the watertable to the drain invert will occur in a more
localised area near the drain, while a subdued but extensive drawdown
can be expected further away from the drain;

e Maximum impact from the drain and from the wetland pool is seen at the
end of winter when the watertable is naturally at its shallowest, while at the
end of summer all scenarios have a more subdued impact; and

e The drain is able to lower groundwater levels on the western part of the flat
where lower hydraulic conductivity values have been measured.

Relative impact of 1.5 m and 2 m deep drains

e At the end of summer the drawdown from a 2 m deep drain is around 0.6
metres at the drain and around 0.3 m one kilometre to the east;

e At the end of winter (assuming low hydraulic conductivity and operation of
a weir, Figure 3.1) the difference in the drawdown (between a 1.5 and 2 m
deep drain) is estimated to be negligible at the drain and around 0.1 m one
kilometre from the drain. The difference in drawdown is closer to 0.15 m
one kilometre from the drain assuming high hydraulic conductivity (Figure
3.2); and

e At the end of summer the drawdown from a 2 m deep drain is generally
double that of the 1.5 m deep drain (Table 3.3 and Appendix C),
suggesting that the 2 m deep drain provides the greatest benefits to
management of dryland salinity.
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Weir pool in drain

e The presence of a weir pool in the drain acts to reduce the watertable
drawdown by the drain through the period when the weir is in-place. The
model results suggests that the weir (at 27.4 m AHD) reduces the
drawdown at the end of winter by 20 to 30% within one kilometre of the
drain (Figures 3.1 and 3.2 for the low hydraulic conductivity and high
hydraulic conductivity scenarios, respectively); and

e There appears to be negligible impact from operation of a weir in the drain
on drawdown at the end of summer (Figure 3.5).

e The scenarios are considered to conservatively represent the weir
management strategy that should allow the weir height to be progressively
lowered to replicate the natural (pre-drain) groundwater levels from the
end of winter to early summer.

Re-instatement of wetland sill levels

e The reinstatement of sill levels in the wetland to natural levels during
winter causes extensive groundwater mounding to occur beneath the
wetland, with mounding above the pre-drain watertable extending up to
about 1 km east of the wetland and further in the west by the end of winter
(Figures 3.3 and 3.4 for the low hydraulic conductivity and high hydraulic
conductivity scenarios, respectively);

e The estimated magnitude of groundwater mounding beneath the wetland
at the end of winter is around 0.5 m near the wetland (Figures 3.3 and
3.4);

e The impact of the groundwater mounding will be off-set to some extent by
the drain. A 2 m deep drain is likely to provide a greater off-set than a 1.5
m deep drain (Appendix C);

e The model results suggest that there will be negligible impact of reinstating
the natural sill level by the end of summer (Figures 3.5 and 3.6 for the low
hydraulic conductivity and high hydraulic conductivity scenarios,
respectively) assuming that water does not pond for a significant period
through spring and summer.;

The duration of groundwater mounding beneath the wetland following the
winter period has been underestimated by the numerical model developed
for this project. A limitation of the simplified modelling approach is that the
wetland pool is ‘switched off” at the end of the winter period when in reality
water would endure in the wetland for a certain period after inflows cease.
The length of this period is determined by losses to groundwater and
evaporation, which are the main water outflow pathways from the wetland.

The modelling results have shown that during winter groundwater
mounding extends up to the base of the wetland so that the entire soil
profile is saturated. This condition can be expected to endure until the
wetland drains to the point where the capacity of the soil to drain water is
greater than the available water in the wetland.

@ 1‘61’1’1 Page 27



Impact Assessment of the Proposed Didicoolum Drain, Upper South East, SA

In order to provide a more accurate representation of the endurance of
groundwater mounding beneath the wetland, the time required to drain the
wetland under the modelled current and natural sill level scenarios has
been estimated. The example provided here (Figure 3.7) uses the
groundwater levels from monitoring well MAR104 at South Reedy Swamp.
The endurance of the wetland pool following winter (shown by the dashed
lines on Figure 3.7) was determined by calculating the decline in the
wetland pool on a daily time-step due to losses to groundwater and
evaporation. The parameters used in the calculations were the same as
those used in the numerical modelling. The duration of the wetland pool
has been taken as the time at the point when the amount of water
remaining in the wetland is 10 % of the initial volume under the natural full
sill level scenario.

The results indicate that under the current sill levels the wetland pool
would endure for around 15 days, while with the proposed natural sill
levels in place the wetland pool would endure for around 42 days. This is
illustrated graphically in Figure 3.7, from which is becomes clear that
groundwater will occur at shallower levels for a longer period of time than
has been indicated by the modelling results; and

e Providing wetlands with winter fills to the natural sill level means that the
drain is less likely to impact on the wetland.

Table 3.3: Summary of model results for the South Reedy model. In the
drawdown columns blue shading indicates mounding and orange
shading indicates drawdown compared to the pre-drain watertable.

Scenario Details Drawdown (m)

Drain
Depth

Sill Level Weir Pool i 1km W 100m W At Drain 100m E

Low Hydraulic Conductivity Inter-dunal Flat
int 12 044 087 044 047
1.5m Current No win L : u : 08 : 0 : 0
sum 0.09 0.11 0.11 0.1 0.11
wint 0.25 0.77 1.32 0.77 0.36
2m Current No
sum 0.20 0.26 0.26 0.26 0.24
int . .32 .62 .32 A
1.5m Current Yes win 0.08 0:3 0.6 0.3 0.13
sum 0.09 0.10 0.10 0.10 0.09
wint 0.19 0.44 0.62 0.45 0.29
2m Current Yes
sum 0.19 0.24 0.25 0.25 0.21
int -0.22 . .87 . A
15m Natural No win 0 0.35 0.8 0.38 0.13
sum 0.00 0.06 0.07 0.07 0.08
wint -0.09 0.68 1.32 0.71 0.33
2m Natural No
sum 0.13 0.23 0.24 0.24 0.23
int -0.2 2 .62 .2 A
1.5m Natural Yes win 0.26 0.23 0.6 0.26 0.10
sum 0.00 0.05 0.06 0.06 0.07
wint -0.16 0.36 0.62 0.40 0.26
2m Natural Yes
sum 0.10 0.22 0.23 0.23 0.19
Regional Hydraulic Conductivity Throughout
1.5m Current No wint 0.15 0.71 0.88 0.70 0.20
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Scenario Details Drawdown (m)

Drain
Depth

Sill Level Weir Pool i 1km W 100m W At Drain 100m E

Low Hydraulic Conductivity Inter-dunal Flat

sum 0.11 0.13 0.13 0.13 0.12
om Current No wint 0.34 1.15 1.38 1.14 0.44

sum 0.25 0.32 0.32 0.32 0.27

wint 0.10 0.51 0.63 0.50 0.17
1.5m Current Yes

sum 0.10 0.11 0.11 0.11 0.09
om Current Yes wint 0.25 0.57 0.64 0.58 0.36

sum 0.25 0.32 0.32 0.32 0.27

wint -0.22 0.66 0.82 0.69 0.19
1.5m Natural No

sum 0.01 0.09 0.09 0.09 0.09
om Natural No wint -0.06 | 1.1 1.30 1.14 0.44

sum 0.15 0.30 0.31 0.31 0.26

wint -0.26 0.46 0.59 0.50 0.16
1.5m Natural Yes

sum 0.01 0.07 0.08 0.08 0.08
om Natural Yes wint -0.12 0.53 0.61 0.57 0.36

sum 0.13 0.30 0.31 0.31 0.22

3.4.2 Northern Transect: Kyeema Model

The Kyeema model has been run with the drain in the proposed alignment and
also in a revised alignment further to the west, both with a low hydraulic
conductivity on the inter-dunal flat. This section provides a summary of results
using the revised alignment. Results for the proposed alignment are provided
in Appendix C.

The model results from the South Reedy indicate that the impacts from the
drain (particularly), weir and wetland sills are more extensive if a higher value
of hydraulic conductivity (20 m/day) is used in the modelling.

The results have been reported for the end of winter, at the end of the period
the weir is assumed to be in operation and end of summer periods. The results
are summarised in Table 3.4 and Appendix C. The key observations are:

General

e A key difference between the proposed and revised alignment of the drain
is that the former provides a greater drawdown in the watertable across
the inter-dunal flat under all scenarios, due to the more central position on
the flat; and

e Maximum drainage and wetland pool impact is seen at the end of winter
when the water table is naturally at its shallowest, while at the end of
summer all scenarios have a more subdued and generally smaller impact.

Relative impact of 1.5 m and 2 m deep drains

e At the end of modelled winter period (October, without the weir), the
difference in drawdown between a 1.5 m deep drain and a 2 m deep drain
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Prem

is around 0.5 m at the drain, 0.2 m 100 m from the drain and around 0.1 m
at one kilometre from the drain (Figure 3.8);

e The relative impacts of the two drain depths at the start of the summer
period are similar to the end of winter conditions (Figure 3.8 and 3.9);

e The 1.5 m drain appears to have little control over the end of summer
groundwater level because the end of summer groundwater level
(estimated by the model) is greater than 1.5 m deep. The 2 m drain has
minimal impact (0.11 m) on groundwater levels at the end of summer
(Figure 3.10); and

e Based on the model estimates it is unlikely that a 1.5 or 2 m deep drain will
have a significant impact on water levels at a stock bore located more than
500 metres from the revised drain alignment. During summer when the
stock bore will be of importance the modelled difference in water depth is
minimal (around 0.1 m).

Weir pool in the drain

e A weir appears to be effective in minimizing the impact of the drain on the
watertable with current wetland sills in place (Figure 3.11 and 3.12);

e The weir pool for the revised alignment will be lower (by around 0.3 metres
because the winter water level is lower) than the weir pool on the
proposed alignment and will have less impact on groundwater levels on
the South Reedy transect.

e The operational rules for the weir will need to be developed to minimise
mounding of groundwater around the weir pool as seen in Figure 3.12.
Losses from the drain will occur when the groundwater levels fall through
the spring period if the weir pool is held at a constant level, However, it is
intended that the weir should be lowered to mimic natural (pre-drain)
groundwater levels to minimise the occurrence of mounding during spring
and then removed to allow the drain to lower groundwater levels through
summer; and

e There is estimated to be little impact from the weir by the end of summer
(Figure 3.13).

Re-instatement of wetland sill levels

e A natural sill level in the wetland causes extensive groundwater mounding
to occur, centred on the wetland and extending across the flat to the east
and beneath the dune to the west (Appendix C); and

e The drain provides some mitigation on the flat, but none of the drain

options are effective in reducing the shallow watertable in the vicinity of the
wetland caused by the re-instatement of natural sill levels.
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Table 3.4 Summary of model results for the Kyeema model. In the
watertable change columns blue shading indicates mounding and orange
shading indicates drawdown compared to the pre-drain watertable.

Scenario Details Drawdown (m) ‘
gézit’;] (i Weir Pool ; 100mW  AtDrain  100mE 1km E ‘
Revised Alignment
wint 0.04 0.13 0.52 0.13 0.04
1.5m Current No weir 0.05 0.07 0.07 0.07 0.05
sum 0.04 0.03 0.03 0.03 0.03
wint 0.14 0.36 1.08 0.36 0.15
2m Current No weir 0.17 0.28 0.56 0.27 0.16
sum 0.12 0.11 0.11 0.11 0.09
wint 0.09 0.1 0.02 0.1 0.09
2m Current Yes weir 0.05 -0.06 -0.5 -0.06 0.03
sum 0.06 0.06 0.06 0.06 0.05
wint -0.45 -0.33 0.02 -0.30 -0.21
1.5m Natural Yes weir -0.34 -0.30 -0.50 -0.28 -0.17
sum -0.19 -0.13 -0.12 -0.12 -0.08
wint -0.43 -0.31 0.02 -0.26 -0.13
2m Natural Yes weir -0.32 -0.28 -0.50 -0.26 -0.13
sum -0.14 -0.04 -0.03 -0.02 -0.02
Proposed Alignment

wint 0.19 0.22 0.09 0.23 0.19
22m Current Yes weir 0.11 0.03 -0.36 0.04 0.12
sum 0.13 0.20 0.30 0.20 0.13
wint -0.49 -0.19 0.09 -0.14 -0.06
1.7m Natural Yes weir -0.29 -0.19 -0.36 -0.17 -0.07
sum -0.14 -0.07 -0.06 -0.07 -0.14
wint -0.48 -0.10 0.09 -0.03 0.06
22m Natural Yes weir -0.26 -0.15 -0.36 -0.12 0.01
sum -0.05 0.11 0.44 0.12 0.06
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