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FOREWORD
South Australia’s natural resources are fundamental to the economic and social well-being of
the State. One of the State’s most precious natural resources, water is a basic requirement
of all living organisms and is one of the essential elements ensuring biological diversity of life
at all levels. In pristine or undeveloped situations, the condition of water resources reflects
the equilibrium between, rainfall, vegetation and other physical parameters. Development of
these resources changes the natural balance and may cause degradation. If degradation is
small, and the resource retains its utility, the community may assess these changes as being
acceptable. However, significant stress will impact on the ability of the resource to continue
to meet the needs of users and the environment. Understanding the cause and effect
relationship between the various stresses imposed on the natural resources is paramount to
developing effective management strategies. Reports of investigations into the availability
and quality of water supplies throughout the State aim to build upon the existing knowledge
base enabling the community to make informed decisions concerning the future
management of the natural resources thus ensuring conservation of biological diversity.

Bryan Harris
Director, Knowledge and Information Division
Department of Water, Land and Biodiversity Conservation
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2. EXECUTIVE SUMMARY
The Loxton and Bookpurnong irrigation areas are located adjacent to the River Murray
primarily in the northeast region of the South Australian part of the Murray Basin. Over the
past 60 years, concerns have been raised regarding the salt load impacts on the River
resulting from the irrigation development. On average 173 tonnes/day of salt enters the river
in the Loxton – Bookpurnong area at flows of less than 5000 ML/day, and up to 365
tonnes/day at flows of 20 000–30 000 ML/day. The original pre-development base salt load
entering the river is calculated to be 16 tonnes/day. The additional salt load results from the
increased flux of saline groundwater that occurs in response to the development of irrigation
drainage groundwater mounds.
Numerical groundwater modelling forms a component of the investigation phase of a major
program to design and construct a groundwater management scheme (salt interception
scheme – SIS) that will control the flux of saline groundwater (and therefore salt load)
entering the River Murray.
The objectives of the this project were to develop an impact assessment model of moderate
complexity, capable of simulating the regional aquifer system that could be used to:
1. Estimate the flux of saline groundwater entering the River Murray from the aquifer
system, and when combined with groundwater salinities, the salt load entering the river.
2.

Predict the flux of saline groundwater and salt load entering the River Murray under
different irrigation practices and development scenarios until 2104.

3.

Improve the understanding of the hydrogeology of the regional aquifer system and
processes in the model area.

4.

Assist with broad scale planning of conceptual SIS wellfield designs targeting the Loxton
Sands and Monoman Formation, and predict the reduction in the salt load entering the
River Murray.

5.

Provide a sound technical basis for evaluating salt loads entering the River Murray from
the irrigation areas.

6.

Assist with the development of management strategies for the Katarapko Island disposal
basin.

The model also provides a sound technical basis for evaluating the flux of saline groundwater
and salt load entering the River Murray resulting from accountable actions, resulting from
existing and future irrigation development and salt interception schemes, in the Loxton –
Bookpurnong area.
This report describes the development, testing and application of the MODFLOW
groundwater model that covers the area from the South Australian border to Lock-3. The
model is predominantly associated with the River Murray, floodplains and highlands. The
model was calibrated to regional potentiometric heads (pre-irrigation) and observed data
(between 1970 to 2003, post irrigation development), where available.
A steady state model was initially used to model post-river regulation, but pre-irrigation
development conditions. A transient model was then developed and calibrated to the historic
period (1955 to 2004), to investigate the historic potentiometric head changes and flux of
saline groundwater and salt load entering the River Murray. The calibrated transient model
was then used to predict the response to a number of scenarios for a period of 100 years, to
determine the flux of saline groundwater and salt load entering the river, and EC impact at
Morgan.
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Executive summary

The scenarios and modelled and predicted salt loads entering the River Murray over next
100 years are summarised in Table 1, which indicates that:
Scenario-1:

Pre-irrigation development, approximate 7 tonnes/day of salt entered the River
Murray from the Loxton area and 9 tonnes/day from Bookpurnong area.

Scenario-2:

Post-irrigation development, and the current situation, 92 tonnes/day of salt
enters the River Murray from Loxton area and 73 tonnes/day from the
Bookpurnong area.

Scenario-3:

Pre-1988 irrigation development without improved irrigation practice (IIP) in
the 1990s may result in 113 tonnes/day of salt entering the River Murray from
Loxton area and 103 tonnes/day from the Bookpurnong area at 2104.

Scenario-4:

Pre-1988 irrigation development with IIP may reduce the salt load entering the
river to 101 tonnes/day from the Loxton area and 64 tonnes/day from the
Bookpurnong area at 2104.

Scenario-5:

Pre-1988 irrigation development with IIP and Loxton headworks rehabilitation
(RH) commencing in 2002 may reduce the salt load entering the river to 79
tonnes/day from the Loxton area and 60 tonnes/day from the Bookpurnong
area at 2104.

Scenario-6:

Post-1988 irrigation development with IIP and RH may result in 100
tonnes/day of salt entering the River Murray from Loxton area and 173
tonnes/day from the Bookpurnong area at 2104.

Scenario-7:

This is Scenario-5 with the addition of SIS-1 designed for the current recharge
conditions. SIS-1 is a conceptual wellfield that includes 65 floodplain and
highland production wells in the Loxton area and 13 floodplain production
wells in the Bookpurnong area. SIS-1 may intercept around 70% of the salt
load entering the River Murray at 2104.

Scenario-8:

This is Scenario-6 with the addition of SIS-2 designed for the maximum
recharge conditions. SIS-2 is a conceptual wellfield that includes 65 floodplain
and highland production wells in the Loxton area (pumping at higher rates
than SIS-1) and 38 floodplain production wells in the Bookpurnong area. SIS-2
may intercept around 90% of the salt load entering the River Murray at 2104.
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Table 1.
Scenario

Summary of modelled and predicted salt loads entering the River Murray
Model Run

Irrigation
development area

IIP

RH

1

Steady State None

None

2

1945–2004

1945–2004 (from
1945 to current
condition)

70–85% Yes

3

2004–2104

Pre-1988

4

2004–2104

5

SIS

None None

Loxton Bookpurnong
(tonnes/
(tonnes/
day)
day)
6.65

9.21

None

92.34

72.76

70%

None None

112.61

103.21

Pre-1988

85%

None None

101.35

64.01

2004–2104

Pre-1988

85%

Yes

None

79.43

59.89

6

2004–2104

Post-1988*

85%

Yes

None

99.65

172.69

7

2004–2104

Pre-1988

85%

Yes

SIS-1 designed for
current recharge
condition

23.2

17.28

8

2004–2104

Post-1988*

85%

Yes

SIS-2 designed for
post-1988 recharge
condition

12.38

14.26

* Post-1988 includes pre-1988 + post-1988 irrigation development
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3. INTRODUCTION
The Department for Water, Land and Biodiversity Conservation (DWLBC) developed a
numerical MODFLOW groundwater flow model for the Riverland area, SA-VIC border to
Lock-3 in South, Australia in 2003/4. The aim of the project was to provide a management
tool for determining salt loads entering the River Murray from the Loxton and Bookpurnong
irrigation areas, and to assess Salt Interception Schemes (SIS) concept schemes in these
areas. After the model was reviewed by groundwater modelling experts and accredited for
the Loxton area by the Murray Darling basin Commission (MDBC), the model could be used
to evaluate salt loads resulting from accountable actions, irrigation practice, irrigation area
development and SIS.

3.1 POLICY BACKGROUND
In 2001, the Murray Darling Basin Ministerial Council approved the publication of the Basin
Salinity Management Strategy 2001–2015 (BSMS). Similarly, the South Australian
Government adopted the River Murray Salinity Strategy 2001–2015 in 2001. These initiatives
followed the adoption of the Ministerial Councils’ Salinity and Drainage Strategy 1988
(S&DS), taking into account the 1999 Basin Salinity Audit and the National Land and Water
Resources Audit.
The objectives of the BSMS are to:
1. Maintain water quality of the shared water resources of the River Murray and River
Darling.
2.

Control the rise in salt loads in all tributary rivers of the Murray-Darling Basin.

3.

Control land degradation and protect important terrestrial ecosystems, protect farmland,
cultural heritage and built infrastructure.

4.

Maximize net benefits from salinity control across the Basin.

Under the S&DS, 1 January 1988 was adopted as a baseline from which any subsequent
actions that affected River Murray salinity were the responsibility of the State in which the
action occurred. One of the main components carried forward from the S&DS was the
system of salinity credits and debits, however changes were made to the manner in which
credits and debits were entered on the registers. Under the 1988 Strategy, debits and credits
were entered as the impact at 30 years. Within the BSMS, entries onto the register are the
average of the 30 years, with the maximum impact in 100 years also recorded. The BSMS
allowed for any action resulting in an increase in river salinity, such as new irrigation
developments, to occur, provided that salinity credits, gained by contributing to the funding of
salt interception schemes or other measures, to offset any salinity debits arising from these
accountable actions.
The S&DS has significantly reduced salinity in the River Murray through implementation of
salt interception schemes and improved land and water management. The target of
restricting river salinity at Morgan below a threshold of 800 EC at least 95% of the time is
close to being met. However, the 1999 Salinity Audit highlighted that the future impacts of
salt mobilisation, due to further irrigation developments and the effects of dryland salinity,
would diminish the achievements of the S&DS unless further action was taken.
Consequently, the BSMS commits the partner governments to an initial 7-year investment
program of salinity mitigation works and measures to be implemented across the Murray
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Darling Basin to deliver 61 EC credits to the river and to offset the States accountable
actions.
There are currently four operational salt interception schemes within South Australia, all
located with in the Woolpunda – Cadell reach of the River Murray (Woolpunda, Waikerie,
Waikerie IIA and the Qualco – Sunlands Groundwater Control Scheme). There are a further
two schemes currently being investigated in the Woolpunda – Cadell reach (Waikerie IIB and
Waikerie IIC) and ongoing investigations for schemes in the Pike River, Murtho and Chowilla
areas. In addition to the investigations program, construction has commenced on two
schemes at Bookpurnong and Loxton, having been investigated over the past six years and
approved by Ministerial Council in 2003 and 2004 respectively.
In presenting both the Bookpurnong and Loxton schemes to Ministerial Council for approval,
South Australia proposed a credit allocation and cost-sharing methodology on the basis of
the preliminary predicted impacts of the various pre-and post-1988 actions undertaken in
each of the areas. The assessment of those impacts is required to be consistent with the
reporting requirements of both Schedule ‘C’ of the Murray-Darling Basin Agreement 1992
and the Basin Salinity Management Strategy Operational Protocols 2003.

3.2 INVESTIGATION BACKGROUND
The Loxton – Bookpurnong irrigation area is located adjacent the River Murray in the
northeast region of the Murray Basin (Fig. 1). Figure 1 clearly indicates the location of the
project area. The model domain is considerably larger than the actual project area to avoid
model boundary effects interfering with model results within the project area. Water bodies
and irrigation areas are clearly distinguishable on aerial photography (Fig. 2) which also
included Transient Electro-Magnetics (TEM) results discussed later in this report.
A component of the water accession passing the root zone (rainfall infiltration, irrigation
drainage, and other associated irrigation losses) recharges the groundwater table in the
Loxton Sands and has resulted in the development of groundwater mounds in the both the
Loxton and Bookpurnong irrigation areas. These groundwater mounds have significantly
increased the flux of saline groundwater, and therefore the salt load entering the River
Murray.
Run-of-river salinity surveys indicate that a flux of saline groundwater enters the River
Murray in the Loxton – Bookpurnong reach (Table 2). Observations indicate a salt load of
98 tonnes/day entering the river in the Loxton reach (Fig. 1), and 75 tonnes/day entering the
river in the Bookpurnong reach at flows of less than 5000 ML/day. The salt load may double
(188 tonnes/day Loxton, and 177 tonnes/day Bookpurnong) at flows of
20 000–30 000 ML/day. The construction of SIS has been proposed to intercept the flux of
saline groundwater before it enters the river.
Australian Water Environments (AWE) undertook preliminary hydrogeological investigations
in the Loxton – Bookpurnong area aimed at increasing the knowledge of the hydrogeology in
relation to the construction of a SIS in both areas. This work culminated in a submission
(DWLBC 2003) to the MDBC High Level Inter-Jurisdictional Working Group on Salt
Interception in February 2003 regarding SIS in the Loxton – Bookpurnong area. AWE
developed a MODFLOW model of the Loxton – Bookpurnong area in 1999, and developed a
more complex model early in 2003 (AWE 2003).
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Table 2.

Run-of-river observed salt load (DWLBC/AWE submission report 2003)
Salt Load (tonnes/day)

Flow (ML/day)

Loxton: June 1991 – July 2002
Rilli’s floodplain - Habel’s landing

Bookpurnong: 1994 – 2002
Lock-4 - Rilli’s floodplain

<5000

98

75

5000–10 000

100

102

10 000–20 000

119

126

20 000–30 000

188

177

DWLBC commenced further hydrogeological investigations in the Loxton area from mid
2003. One component of these investigations was modelling, and in late 2003 DWLBC took
over further development of the AWE 2003 model. The objective of these investigations was
to design a SIS and progressing the project to a point where the scheme was constructionready. The term construction-ready meaning that there is sufficiently detailed knowledge of
the hydrogeology of the Loxton area (and that this knowledge has been ground-truthed by inriver salinity methods, drilling, hydrochemistry, geophysics and pumping tests), and
confidence in numerical groundwater modelling, so that a SIS can be designed to a point
where it is ready for construction with minimal additional investigative work.
The model discussed in this report incorporates both the Loxton and Bookpurnong areas.
However, the bulk of the discussion relates to the Loxton area due to the principal role of
DWLBC in investigations for the Loxton SIS. AWE had the principal role in the investigations
for the Bookpurnong SIS.
Modelling has concentrated on replicating the gradient between the highland and floodplain,
potentiometric heads on the floodplain, and the gradient between the floodplain and the River
Murray. Based on these results and available salinity data, the salt load entering the river
valley and the river can be calculated. This is an appropriate approach for the modelling that
has been undertaken.

3.3 SOURCE OF SALINE GROUNDWATER FLUX TO RIVER
MURRAY
Prior to designing a SIS the following key issues need to be determined:
1. A clear understanding of the magnitude of the flux of saline groundwater and salt load
entering the River Murray.
2.

The sections of the river reach in which major flux occurs.

3.

The target aquifers.

4.

The hydraulic relationships between aquifers.

5.

The hydraulic relationship between the aquifers and the river.

3.4 OBJECTIVES
Numerical groundwater flow models enable the creation of a computer based mathematical
representation of the conceptual understanding of an aquifer system. The model is a
powerful tool for validating the understanding and for predicting the response of the aquifer
system to imposed stresses.
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The objectives of DWLBC groundwater modelling were to develop an impact assessment
model of moderate complexity (in the terminology of the MDBC 2000) capable of simulating
the regional aquifer system that could be used to:
1. Estimate the flux of saline groundwater entering the River Murray from the aquifer
system, and when combined with groundwater salinities, the salt load entering the river.
2.

Predict the flux of saline groundwater and salt load entering the River Murray under
different irrigation practices and development scenarios until 2104.

3.

Improve the understanding of the hydrogeology of the regional aquifer system in terms
of:
a. The groundwater flux within and between aquifers.
b. Recharge to the Loxton Sands in the Loxton area.
c. The behaviour of the aquifer system in floodplain areas.
d. The hydraulic communication between the aquifer system and the surface water
system.
Assist with broad scale planning of conceptual SIS wellfield designs and predict the
reduction in the salt load entering the River Murray. Saline groundwater pumped from
SIS will be disposed of to the Noora disposal basin.

4.

5.

Assist with the design and location of investigation wells, production wells, and
observation wells for pumping tests in the Loxton area.

6.

Assist with the development of management strategies for the Katarapko Island disposal
basin.

The terms modelled and predicted are used in this report. The term modelled has been used
when output from the model (eg a potentiometric head distribution) can be compared to
observed data. The term predicted has been used when the calibrated model has been used
to determine the future result of particular scenarios.
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4. HYDROGEOLOGY AND HYDROLOGY OF THE LOXTON
– BOOKPURNONG AREA
4.1 REGIONAL HYDROGEOLOGY
The Murray Basin is a closed groundwater basin containing Cainozoic unconsolidated
sediments and sedimentary rock up to 600 m in thickness, and contains a number of regional
aquifer systems (Evans and Kellet 1989). The major aquifers within the study area are the
Murray Group Limestone, Loxton Sands and Monoman Formation (floodplain only) (Fig. 3).
Groundwater flow in all of the aquifers is towards the River Murray.
The Loxton Sands forms a regionally extensive unconfined – semi-unconfined aquifer into
which the channel of the ancestral River Murray was incised. Within this channel, the
Monoman Formation and the overlying Coonambidgal Formation were deposited, and it is
within this sequence that the channel of the modern River Murray is incised. The river is a
sink for regional groundwater within the Loxton – Bookpurnong area.
Saline groundwater (7000–50 000 mg/L) enters the River Murray by lateral flow from the
Loxton Sands and Monoman Formation (Fig. 4), and by slow upward leakage through the
Bookpurnong Formation from the underlying confined regional Murray Group Limestone by
the following pathways :
1. Direct inflow via seepage from exposed Loxton Sands at or near the base of cliffs
adjacent to the River Murray.
2.

Discharge from sands of the Monoman Formation that act as a conduit for lateral flow
from Loxton Sands (and upward leakage from the Murray Group Limestone) underlying
the floodplains.

3.

Discharge from sands of the Monoman Formation and localised hypersaline lakes
(salinas), often at the back of the floodplain, that deliver high salt loads during and after
periods of flood.

4.

Slow upward leakage through the Bookpurnong Formation from the underlying confined
Upper Mannum Formation.

5.

Slow upward leakage from Murray Group Limestone that may be in direct
communication with the River Murray due to erosion of the Lower Loxton Clay and
Shells and Bookpurnong Formation.

These processes are summarised in an elementary conceptual hydrogeological model
(Fig. 5).
The hydraulic communication between the Loxton Sands and Monoman Formation is an
important component in controlling the salt movement in the area. The flux of saline
groundwater entering the River Murray is dominated by the hydraulic conductivity of the
Loxton Sands, and the head difference between the river and nearby groundwater.
As the River Murray is mainly in contact with Loxton Sands and Monoman Formation in the
study area, the majority of the salt load entering the river is contributed by these two aquifers
that are the targets for salt interception in the Loxton - Bookpurnong area.
A schematic diagram of the conceptual hydrogeological model for the Loxton - Bookpurnong
area is given in Figure 5. The figure details the conceptual model of groundwater flow
between the aquifers, the broader regional groundwater flow system, inter-aquifer flow and
local recharge mechanisms.
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4.2 HYDROGEOLOGICAL UNITS
The characteristics of each hydrogeological unit (Fig. 3, Table 3) in the project area are
discussed in order of increasing depth below ground surface in the following sections.
Table 3.

Hydrogeological units of the Loxton – Bookpurnong area
Hydrogeological Unit

Aquifer / aquitard

Salinity range
(mg/L)

Yield
(L/s)

Coonambidgal Formation

Clay layer

NA

NA

Monoman Formation

Aquifer unconfined - semiconfined in river valley

7000–60 000

0.5–10

Loxton Sand

Aquifer unconfined to on
highland

7000–40 000

0.5–5

Lower Loxton Clay and Shells

Aquitard – clay, shells

NA

NA

Bookpurnong Formation

Aquitard – clay

NA

NA

Murray
Group
Limestone

Pata Formation

Aquifer (semi-confined
upstream of river kilometre
486) limestone

10 000–30 000

0.5–1

Winnambool Formation

Aquitard – marl

NA

NA

Glenforslan Formation

Semi-confined aquifer
limestone

5000–30 000

0.5–2

Finniss Formation

Aquitard - marl

NA

NA

Upper Mannum Formation

Confined aquifer limestone

3000–25 000

5–10

Lower Mannum Formation

Confined aquifer limestone

NA

NA

4.2.1 COONAMBIDGAL FORMATION
The Coonambidgal Formation clay layer occurs ubiquitously across the floodplain and
comprises clay and silts deposited during periods of episodic flooding. This unit is commonly
4–5 m thick in the middle of the respective floodplains, but can vary in thickness from
1–11 m, with the greater thicknesses observed at the break in slope between the floodplain
and highland.

4.2.2 MONOMAN FORMATION
The Monoman Formation unconfined – semi-confined aquifer is the primary target for salt
interception on the floodplain, where the Loxton Sands cannot be targeted on the highland.
This unit consists of relatively clean, fine to coarse grained, fluvial sands deposited as point
bar sands within a wide floodplain. This unit occasionally comprises minor clay and silt
layers, and occasional lignite bands towards the base of section. The Monoman Formation is
commonly 4–10 m thick and is thin to absent at the break in slope. However, it can realise a
thickness of up to 25 m in deep incised channels within the meander belt (Fig. 3).
As a consequence of the depositional environment, the Monoman Formation is a highly
variable aquifer with yields ranging from 0.5–10 L/s. This variability makes it difficult to
predict likely yields across the floodplain, to the extent that production wells separated by 10
m can demonstrate contrasting specific yields.
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Due to its semi-unconfined nature, the potentiometric surface for the Monoman Formation for
May 2004 has been merged with the Loxton Sands (Fig. 6). Potentiometric heads are up to
2 m above river pool level (~10.0 m AHD) at the break of slope (Loxton Sands / Monoman
Formation) on the eastern side of the River Murray. On the western side of the river
potentiometric heads are either close to or below river pool level with the exception of a
slightly elevated potentiometric head (11 m AHD) in the area of the Katarapko Island
disposal basin to which irrigation drainage water from the Comprehensive Drainage System
(CDS) network is pumped. Groundwater salinity values in the Monoman Formation are highly
variable, possibly as a result of evaporative effects on the floodplain, and range from
25 000–60 000 mg/L.

4.2.3 LOXTON SANDS
The Loxton Sands unconfined aquifer is the primary target for salt interception on the
highland, yet poses the most difficulty due to its unpredictable hydraulic nature. In broad
terms, the Loxton Sands represents an inverted aquifer, with the most permeable coarse
grained and frequently unsaturated sands occurring at the top of the sequence and the least
permeable fine sands (and occasional shell hash) at the base of the succession. These
sands grade to a low permeability silty clay and shell facies towards the base, referred to in
this report as the Lower Loxton Clay and Shells. This upward coarsening sequence
represents a shift from offshore to nearshore and back beach/dune depositional
environments, reflecting cyclic eustatic sea level drops resulting in progradational clastic
packages.
Detailed sedimentological analysis, downhole geophysical logging and airborne
electromagnetic (HEM) geophysical surveys (Hill et al. 2004) have helped to unravel the
complexity of the Loxton Sands and provide some confidence for predicting suitable facies
for salt interception at or below river pool level.
The Loxton Sands have been targeted in the Loxton area for salt interception where no
floodplain exists. However, the base of the fine sands and shell hash occurs close to river
pool level and accordingly, this has a significant impact on production well spacing in order to
achieve effective salt interception. Although the Loxton Sands are commonly up to 25–30 m
thick, the permeable basal shell hash and coarse sand unit that occur at the base of the
succession in the Loxton area is only 2–3 m thick. Yields up to 1.5 L/s have been observed in
production wells completed in the basal shell hash facies. Elsewhere, yields vary from
<0.5 L/s in fine-grained sands up to 5 L/s in coarse-grained facies in the area targeted for
highland interception in the Bookpurnong area.
The potentiometric surface for the Loxton Sands and Monoman Formation for May 2004 is
given in Figure 6. A prominent groundwater mound trending northeast - southwest occurs in
the Loxton Sands in the Loxton irrigation area with a maximum height of 26 m AHD, and a
smaller mound occurs in the Bookpurnong area.
Groundwater salinity values in the Loxton Sands vary dramatically across the Loxton –
Bookpurnong region, reflecting impact of low salinity irrigation recharge on the saline native
groundwater. Groundwater salinity data were sourced from pumping tests and HYDROLAB
geophysical sonding, the latter demonstrating stratification with the heavier dense saline
groundwater underlying fresher irrigation water. For the purposes of predicting salt loads
entering the River Murray, the more saline native groundwater values were adopted for
various zones along the river ranging from ~5000–40 000 mg/L.
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4.2.4 BOOKPURNONG FORMATION
The Bookpurnong Formation aquitard occurs between the Loxton Sands and the underlying
Pata Formation. This unit consists of poorly consolidated plastic silts and shelly clays that are
differentiated from the Lower Loxton Clays and Shells (grey in colour) on the basis of colour
(light to dark khaki) and increased plasticity.
The Bookpurnong Formation reaches a maximum thickness of 15 m in the Loxton area but is
highly variable with no discernable trend observed. This unit is thin to occasionally absent on
all floodplains in the Loxton area, more likely as a consequence of erosion, but possibly as a
result of depositional thinning.

4.2.5 MURRAY GROUP LIMESTONE
Prior to recent subdivision of the Murray Group Limestone reported in Luksik and James
(1998), it was accepted that the Bookpurnong Formation was separated from the underlying
Murray Group Limestone by the poorly consolidated to plastic marls of the Winnambool
Formation.
The recent work has resulted in a more detailed subdivision reflecting a change from
predominantly fluvial environments of the Renmark Group to alternating deeper marine and
shelf facies resulting in deposition of marl aquitards (Winambool Formation, Finnis
Formation, Ettrick Formation), and limestone aquifers (Pata Formation, Glenforslan
Formation, Upper and Lower Mannum Formations).
4.2.5.1 Pata Formation
The Pata Formation semi-confined aquifer is a poorly consolidated bryozoal limestone with
interbedded friable sand layers that occurs throughout the Loxton – Bookpurnong region.
This unit outcrops to the south of Loxton where it is exposed at river pool level downstream
from the Loxton Caravan Park, river kilometre 486 (and is dry 5 km to the west). The Pata
Formation aquifer dips gently to the northeast to depths ~70 m (-25 m AHD) below ground
surface at Bookpurnong. In the Loxton area this unit commonly occurs 35–40 m below
ground surface on the highland, but can occur as shallow as 10 m beneath the surface on
the floodplains. This unit is typically in the range of 10–15 m in thickness with an observed
thickening to the northeast.
Although described as a limestone, the unit represents a poor aquifer due to the presence of
marl. Pumping tests conducted by DWLBC at both floodplain and highland sites has returned
yields of ~0.5–1 L/s.
The potentiometric surface for the Pata Formation for May 2004 is given in Figure 7. An
expression of the Loxton groundwater mound is evident resulting from downward leakage
and possible hydraulic loading. The groundwater mound reaches an elevation of 24.7 m AHD
and a steep gradient exists towards the River Murray. A maximum 1.7 m positive (downward
driving) head difference exists between the overlying Loxton Sands and the Pata Formation
at the centre of the groundwater mound, lesser head differences occur elsewhere.
Groundwater salinities in the Pata Formation are uniformly high (up to 30 000 mg/L) on the
highland with lower salinities on the floodplain (~10 000 mg/L).
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4.2.5.2 Winnambool Formation
The Winnambool Formation aquitard comprises grey to pale green calcareous clay (marl)
and silty clay. This unit dips to the northeast, consistent with the regional tilt. To the south of
Loxton this formation occurs ~30 m below ground surface, deepening to as much as 85 m
below ground surface at Bookpurnong. This unit varies is ~3 m in thickness, with its
depocentre located on Katarapko Island, and provides an effective aquitard between the
Pata Formation and Glenforslan Formation.
4.2.5.3 Glenforslan Formation
The Glenforslan Formation semi-confined aquifer is a grey sandy limestone that closely
resembles the Pata Formation, with the exception that it contains occasional fine-grained,
hard bands. This unit has a thickness consistently in the range 20–30 m and dips to the
northeast.
The potentiometric surface for the Glenforslan Formation for May 2004 is given in Figure 8. A
maximum 5.9 m positive (downward driving) head difference exists between the overlying
Pata Foramtion and the Glenforslan Formation at the centre of the groundwater mound, and
an approximately -5 m negative (upward driving) head difference occurs on Katarapko Island
area.
Groundwater salinity in the Glenforslan Formation ranges from 5000–30 000 mg/L.
4.2.5.4 Finnis Formation
The Finniss Formation aquitard is a thin but persistent grey to dark grey clay with thin sand
layers and hard bands separating the Glenforslan Formation and Upper Mannum Formation.
This unit has a maximum thickness of 4.5 m but is commonly 1–2 m in thickness.
4.2.5.5 Upper Mannum Formation
The Upper Mannum Formation confined aquifer has only been fully penetrated by a small
number of wells in the area. This unit is 25 m thick at Bookpurnong and comprises highly
fossiliferous calcarenitic and sandy limestone. This unit dips to the northeast, but is difficult to
separate from the underlying Lower Mannum Formation in the Loxton region.
The potentiometric surface for the Upper Mannum Formation for May 2004 is given in Figure
9. There is no discernable expression of the Loxton groundwater mound, although this may
be an artefact of poor well coverage. A 0.1 m positive (downward driving) head difference
exists between the overlying Glenforslan Formation and the Upper Mannum Formation in the
Loxton area.
Groundwater salinity in the Upper Mannum Formation ranges from 3000–25 000 mg/L.
4.2.5.6 Lower Mannum Formation
The Lower Mannum Formation confined aquifer has only been fully penetrated by a small
number of wells in the area. This unit has a thickness up to 75 m thick at Bookpurnong. This
formation comprises hard, well compacted and moderately to well cemented grey limestone
with some evidence of recrystallisation. There is an increase of fine carbonate sand towards
the top of the unit.
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4.3 CONCEPTUAL INTERACTION BETWEEN THE AQUIFER
SYSTEM AND THE RIVER MURRAY
4.3.1 PRE-IRRIGATION DEVELOPMENT GROUNDWATER FLUX TO THE RIVER
MURRAY
Post-construction of the locks and weirs on the River Murray in the 1930s (river regulation)
and pre-irrigation development around 1945, a flux of saline groundwater entered the river
from the Loxton Sands and Monoman Formation driven by the small regional groundwater
gradient. The pre-irrigation development base groundwater flux (little different to that
occurring pre-river regulation) was small compared with that occurring post-irrigation
development.
The pre-irrigation development flux of saline groundwater entered the River Murray by the
following mechanisms in the Loxton area:
1. Direct inflow via seepage from exposed Lower Loxton Sands at or near the base of cliffs
adjacent to the River Murray.
2.

On Rilli’s floodplain (wide), groundwater flowed from the highland into the Monoman
Formation (underlying the floodplain) that acts as a conduit for lateral flow from the
Loxton Sands to the River Murray. Evapotranspiration resulted in the concentration and
storage of salt in the floodplain. This salt was mobilised and flushed by the regular flood
events that surcharged the floodplain, and induced a flux of saline groundwater to enter
the river.

3.

On the southern, narrow floodplain, where evapotranspiration is of less significance, a
small hydraulic gradient resulted in the discharge of groundwater to the River Murray.

4.

Slow upward leakage through the Bookpurnong Formation from the underlying confined
Upper Mannum Formation.

5.

Slow upward leakage from Murray Group Limestone where there is direct
communication with the River Murray due to erosion of the Lower Loxton Clay and
Shells and Bookpurnong Formation.

4.3.2 POST-IRRIGATION DEVELOPMENT GROUNDWATER FLUX TO THE
RIVER MURRAY
Post-regulation of the River Murray, pumping of river water for irrigation on the surrounding
highlands commenced in the mid 1940s and mid 1950s in the Loxton and Bookpurnong
areas respectively. Irrigation drainage resulted in the development of a groundwater mound
in the Loxton area, with an elevation at its centre 16 m above river pool level. This
anthropogenic modification of the aquifer system dramatically increased the flux of saline
groundwater entering the river. The potentiometric surface of the unconfined aquifer(s) (Fig.
6) indicates steep gradients adjacent the river in the Loxton Sands and Monoman Formation.
The post-irrigation development flux of saline groundwater enters the River Murray by the
following mechanisms in the Loxton area:
1. Direct inflow via seepage from exposed Lower Loxton Sands at or near the base of cliffs
adjacent to the River Murray.
2.

On Rilli’s floodplain (wide), a portion of highland groundwater flow discharges via
seepage at the break of slope between the highland and floodplain. The remainder of
the highland groundwater flows through the Monoman Formation underlying the
floodplain and discharges to the River Murray. Evapotranspiration, occurs to the extent
that the groundwater table is lower in elevation than the river pool level, resulting in the
concentration and storage of salt in the floodplain. The movement of salt from the
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highlands into the floodplain is greater than that into the river (under non-flooding
conditions). During and after the now infrequent flood events, some of this highly
concentrated salt is mobilised and flushed to the river.
3.

On the southern, narrow floodplain, groundwater flows from the highland into the salinas
/ wetlands, and into the underlying Monoman Formation. An hydraulic gradient exists in
the Monoman Formation towards the River Murray (evapotranspiration is of less
significance) resulting in the discharge of groundwater to the river in this area.

4.

Slow upward leakage through the Bookpurnong Formation from the underlying confined
Murray Group Limestone.

5.

Slow upward leakage from Murray Group Limestone where there is direct
communication with the River Murray due to erosion of the Lower Loxton Clay and
Shells and Bookpurnong Formation.

The elementary conceptual hydrogeological cross-section (Fig. 5) indicates the
hydrogeological units, surface water features, and groundwater mound within the Loxton
area. Groundwater flow in the aquifer system, including lateral flow from the highland area,
discharges to the River Murray and floodplain areas. Upward leakage from Upper Mannum
Formation is also indicated.
The conclusions regarding the post-irrigation development flux of saline groundwater
entering the River Murray are based on the interpretation of data acquired from numerous
methods including run-of-river salinity surveys, TEM, in-stream salinity, hydrochemistry,
pumping tests, geology and geophysics. At the time of writing, investigations are nearing
conclusion and will be reported separately. However, the following section discusses TEM, a
method that has proved a useful tool for indicating areas where there is potential for flux.
Aside:- The TEM Technique
TEM is a technique that provides a measure of the electrical resistivity (or conversely the
electrical conductivity) of the subsurface below a TEM sounding. The TEM results represent a
bulk resistivity of the river sediments and river water.
In September 2003, a total of 80 km of data over a 37 km stretch of the River Murray was
collected in the Loxton - Bookpurnong area between the Katarapko Island outlet and Lock-4
(Fig. 2A). In order to delineate variations across the river, soundings were conducted every
5 m adjacent to both banks. Inversion of the data typically produces around 10 resistivity
depth values (beneath each sounding), between 0 m (river surface) and -30 m.
Subtraction of the nearest river water depth value from the data of each TEM sounding yields
the shallowest river sediment resistivity value (Fig. 2A). This data represents the resistivity
for the sediments immediately below the water-sediment interface.
Strip plots of the data for both the Katarapko and eastern banks surveys (Fig. 2B) is overlain
with river bathymetry data, displayed as a broken black line, which is the interface between
the river sediments and river water.
Zones of high conductivity (low resistivity) are indicated in the TEM data. Of greatest interest is
the conductivity of the sediments immediately below the river water - sediment interface. This is
the zone where potential discharge (or loss from the river to the aquifer) of saline groundwater
to the river may be interpreted.
Conductive features (0–5 Ohm.m), seen as reds and oranges can be interpreted as either
materials containing more saline groundwater than the surrounding material, or conductive
clays, through which water does not move readily. Resistive features (>10 Ohm.m), seen as
green and blues can be interpreted as material containing groundwater of a lower salinity than
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elsewhere. It is worth noting that variations in formation porosity and connectivity will also affect
the resistivity the data. Each situation must be interpreted in the light of local hydrogeology.
The correlations between the resistivity and the geology will not be unique and the validity of
geophysical interpretations could be checked by drilling.
A comparison with the June 2003 run-of-river salinity survey yields broad but evident
correlations with the resistive and conductive anomalies within the shallow sediments.
Conductive sediment zones are relatable to increasing run-of-river salt loads and resistive
sediment zones are relatable to decreasing run-of-river salt loads.
A noticeable zone of high conductivity sediments (<5.0 Ohm.m) occurs between river
kilometre 488 and 506 (Fig. 2A). Within this zone, there are a number of smaller zones with
reduced sediment conductivity (river kilometres 496–499 and 501–502.5) that may be
attributed to local hydrogeological effects. Other minor conductive zones can be seen
immediately downstream of Lock-4 (river kilometre 516) and between river kilometre 510 and
511.
It is evident on a strip plot (Fig. 2B) of the Katarapko Island and the eastern (irrigation) bank
surveys that the Katarapko survey is more conductive at depth (-10 and -20 m). Deeper
conductive features are not likely to represent salt discharge areas that are more likely to
occur in the uppermost part of the river sediments (Fig. 2A). These deeper features are likely
to be related to higher groundwater salinities, but the reduced hydraulic gradients in the
Katarapko Island side of the river means that the flux of saline groundwater is likely to be
low, except post-flooding, or if disposal of CDS water to the disposal basin is increased.
The TEM results correspond with the interpretation of the potentiometric surface of the
unconfined aquifer(s) that indicates that the majority of the flux of saline groundwater enters
the river in the Loxton area in sections of the river where hydraulic gradients are steep, and
along the cliffs. Other sections of the river adjacent to the floodplain have a low groundwater
flux due to reduced hydraulic gradients.
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5. MODEL CONSTRUCTION
5.1 MODFLOW AND VISUAL MODFLOW
MODFLOW is a three-dimensional finite difference mathematical code that was developed
by the US Geological Survey (McDonald and Harbaugh 1988). Visual MODFLOW Version
3.1.0.86 was developed by Waterloo Hydrogeologic Inc. in recent years and is a preprocessor for quick generation of data files for MODFLOW.
Visual MODFLOW was used as a tool for generating MODFLOW model grids, boundary
conditions, observation well data, production wells and zones for aquifer hydraulic
parameters. The software was also used for establishing settings to run the model, and to
obtain quick and convenient output results. The PCG2 solver was used for all steady state
and transient modelling runs.

5.2 MODEL CONSTRUCTION
5.2.1 MODEL DOMAIN AND GRID
The model domain simulates an area 75 km (east west) by 60 km (north south). The
bounding AMG coordinates of the model domain are (southwest) E425122 N6160180 and
(northeast) E500122 N6220180 (GDA 1994) (Fig. 10).
The selection of a large model domain that incorporates the smaller study area is consistent
with good modelling practice. The model domain boundaries are set at a sufficient distance
from the study area such that they do not influence the behaviour of the aquifer system in the
study area.
The rectangular model grid was divided into 334 rows and 394 columns. The minimum grid
size is 125 x 125 m in the Loxton area. The maximum grid size is 250 x 250 m in the
remaining model area (Fig. 11).

5.2.2 MODEL LAYERS
MODFLOW layer options are given in Table 4.
The regional aquifer system in the Loxton – Bookpurnong area was conceptualised as eight
layers, including five aquifer layers and three aquitard layers (Fig. 12, Table 5). The model
grid was applied to the eight layers resulting in 1 052 768 finite difference cells.
5.2.2.1 Ground surface
The Department of Environment and Heritage (DEH) provided regional elevation data.
Ground surface elevation is given in Figure 13. The elevation of the floodplain is ~10–12 m
AHD. The elevation of the highland is 30–50 m AHD.
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Table 4.
Layer
type

MODFLOW layer types
Aquifer
type

Aquifer hydraulic parameters

Type-0

Confined

Transmissivity and storage coefficient (specific storage, SS) are constant.

Type-1

Unconfined

Transmissivity varies and is calculated from saturated thickness and
hydraulic conductivity. The storage coefficient (specific yield, SY) is
constant. Type-1 is only valid for the uppermost layer of a model.

Type-2

Confined/
Unconfined

Transmissivity is constant - the storage coefficient may alternate between
values applicable to the confined (SS) or unconfined (SY) states.

Type-3

Confined/
unconfined

Transmissivity varies and is calculated from the saturated thickness and
hydraulic conductivity. The storage coefficient may alternate between
values applicable to the confined (SS) or unconfined (SY) state.

Table 5.

Model layer aquifers and aquitards

Layer
No

Hydrogeological unit

Aquifer /
aquitard

MODFLOW
layer

1

Loxton Sands, Monoman Formation, part Pata Formation

Aquifer

Type-1

2

Lower Loxton Clay and Shells, Bookpurnong Formation,
Pata Formation

Aquitard

Type-3

3

Pata Formation

Aquifer

Type-3

4

Winnambool Formation

Aquitard

Type-0

5

Glenforslan Formation

Aquifer

Type-0

6

Finnis Formation

Aquitard

Type-0

7

Upper Mannum Formation

Aquifer

Type-0

8

Lower Mannum Formation

Aquifer

Type-0

5.2.2.2 Layer-1: Loxton Sands, Monoman Formation and part Pata Formation
Layer-1 simulates the Loxton Sands unconfined – semi-unconfined aquifer, the Monoman
Formation semi-unconfined – semi-confined aquifer, and part Pata Formation unconfined
aquifer:
1. In the highland area the unconfined aquifer is represented by the Loxton Sands. The
base of Layer-1 is the base of the Loxton Sands.
2.

The Blanchetown Clay has not been modelled as the effect of this aquitard in perching
water is accounted for by controlling the time lag and recharge rate to the Loxton Sands
groundwater table.

3.

The Monoman Formation represents the bulk of the unconfined aquifer in the River
Murray valley. In reality, the Monoman Formation occurs in the unconfined – semiconfined state depending on the thickness and competence of the overlying
Coonambidgal Formation. The representation of the Monoman Formation in the model
as an unconfined aquifer results in the maximum flux of saline groundwater entering the
river, and the most conservative wellfield design in terms of production well spacing and
pumping rates. Regardless of the actual state of confinement of the Monoman
Formation, when production wells are pumped, the aquifer becomes unconfined to some
radial distance from the production well. The base of Layer-1 (top of Layer-2) is the base
of the Monoman Formation.

Loxton Numerical Groundwater Model

18

DWLBC 2005/16

Model construction

4.

Downstream of Loxton, the Pata Formation comes into hydraulic communication with the
River Murray and forms the unconfined aquifer.

5.

Base elevations were determined from geological and geophysical logs and
extrapolation of these values. The elevation of the base of Layer-1 (top of Layer-2)
occurs from between –30 and 30 m AHD (Fig. 14).

6.

The representation of Layer-1 as a Modflow Type-1 layer (unconfined) results in
conservative behaviour when concept wellfields are applied in the model.

5.2.2.3 Layer-2: Lower Loxton Clay and Shells, Bookpurnong Formation and part Pata
Formation
Layer-2 simulates the Lower Loxton Clay and Shells and Bookpurnong Formation aquitards,
and part Pata Formation semi-confined aquifer:
1. In the highland area Layer-2 represents the Lower Loxton Clay and Shells and
Bookpurnong Formation. The base of Layer-2 is the base of the Bookpurnong
Formation.
2.

Due to concerns about the spatial continuity of the Bookpurnong Formation in the Loxton
area (refer to Fig. 23), this aquitard was removed from the model within the River Murray
valley and was replaced with the Pata Formation semi-confined, low permeability
aquifer. As a result, the Monoman Formation contiguously overlies the Pata Formation in
this area.

3.

In the River Murray valley outside of the Loxton area, Layer-2 represents the
Bookpurnong Formation. The base of Layer-2 is the base of the Bookpurnong
Formation.

4.

Base elevations were interpreted from geological and geophysical logs and the
extrapolation of these values. The elevation of the base of Layer-2 (top of Layer-3)
occurs between -30 and 20 m AHD (Fig. 15).

5.2.2.4 Layer-3: Pata Formation
Layer-3 simulates the regionally distributed Pata Formation semi-confined low permeability
aquifer. The base elevation of Layer-3 was interpreted from geological and geophysical logs
and extrapolation of these values, and by examination of the cross-sections given in
Figure 3. The base elevation of Layer-3 (top of Layer 4) occurs between -50 and 10 m AHD
(Fig. 16).
5.2.2.5 Layer-4: Winnambool Formation
Layer-4 simulates the regionally distributed Winnambool Formation aquitard. Layer-4
thickness of 3 m was taken from AWE (2003). The base elevation of Layer-4 (top of Layer-5)
occurs between -50 and 10 m AHD (Fig. 17).
5.2.2.6 Layer-5: Glenforslan Formation
Layer-5 simulates the regionally distributed Glenforslan Formation semi-confined, low
permeability aquifer. Layer-5 thickness of 25 m was taken from AWE (2003). The base
elevation of Layer-5 (top of Layer-6) occurs between -70 and -20 m AHD (Fig. 18).
5.2.2.7 Layer-6: Finnis Formation
Layer-6 simulates the regionally distributed Finnis Formation aquitard. Layer-6 thickness of
3 m was taken from AWE (2003). The base elevation of Layer-6 (top of Layer-7) occurs
between –80 and -20 m AHD (Fig. 19).

Loxton Numerical Groundwater Model

19

DWLBC 2005/16

Model construction

5.2.2.8 Layer-7: Upper Mannum Formation
Layer-7 simulates the regionally distributed Upper Mannum Formation (semi)-confined
moderate permeability aquifer. Layer-7 thickness of 25 m was taken from AWE (2003). The
base elevation of Layer-7 (top of Layer-8) occurs between -100 and -40 m AHD (Fig. 20).
5.2.2.9 Layer-8: Lower Mannum Formation
Layer-8 simulates the regionally distributed Lower Mannum Formation (semi)-confined low
permeability aquifer. Layer-8 thickness of 100 m was taken from AWE (2003). The base
elevation of Layer-8 is between -220 and -130 m AHD (Fig. 21).

5.2.3 MODEL AQUIFER HYDRAULIC PARAMETERS
It is standard practice, when commencing a modelling project, to initially allocate aquifer and
aquitard hydraulic properties based on previous reported values.
In order to commence model calibration, regional values of aquifer and aquitard hydraulic
parameters were derived from previous reports, and reference to current pumping tests.
Some aquifer hydraulic parameters were altered in specific areas during both steady state
and transient calibration to achieve the final values required for accurate calibration. The final
aquifer and aquitard hydraulic parameters are given in Table 6, with their distribution within
each layer given in Figures 22–30.
Table 6.

Calibrated aquifer and aquitard hydraulic parameters
Aquifer / aquitard

Hydraulic conductivity

Layer

Kh (m/day)

KV (m/day)

Storage
SY (-)

Loxton Sands

1

0.5–10

0.05–0.1

0.15

Monoman Formation

1

15

0.15

0.15
-3

SS (/m)

5x10-6

Lower Loxton Clay and Shells
Bookpurnong Formation

2

0.005

2.38x10

Pata Formation

1, 2, 3

0.38

0.038

Winnambool Formation

4

0.0001

2.02x10-4

5x10-6

Glenforslan Formation

5

0.5

0.005

5x10-6

Finnis Formation

6

1x10-4

1x10-4

5x10-6

Upper Mannum Formation

7

2

0.02

5x10-6

Lower Mannum Formation

8

0.5

0.005

5x10-6

0.15

5x10-6

5.2.3.1 Loxton area
In the Loxton area calibration resulted in:
1. An horizontal hydraulic conductivity of 15 m/day, and a specific yield of 0.15 for the
Monoman Formation. Horizontal hydraulic conductivity values remain very close to (and
within the same order of magnitude) as values determined from pumping tests
(30–40 m/day). Due to the representation of the Monoman Formation in the model as an
unconfined aquifer, storage coefficient values determined from pumping tests are not
relevant.
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2.

Horizontal hydraulic conductivities of 0.5–10 m/day, and a specific yield of 0.15 for the
Loxton Sands resulted in the best fit to the observed (historic) potentiometic head data.
A horizontal hydraulic conductivity value of 10 m/day is within the order of magnitude of
those determined from pumping tests.

In addition:
1. Pata Formation aquifer hydraulic parameters were obtained from reference to current
pumping tests (horizontal hydraulic conductivity <0.7 m/day, specific storage 3x10-6 –
4x10-5/m).
2.

Glenforslan Formation and Upper and Lower Mannum Formation aquifer hydraulic
parameters were adopted from AWE (2003), and are generally consistent with the
results of pumping tests.

Aquitard hydraulic parameters were applied to control the upward and downward leakage
between the Loxton Sands, Monoman Formation, and the Upper Mannum Formation:
1. Bookpurnong Formation vertical hydraulic conductivity was obtained from reference to
current pumping tests (vertical hydraulic conductivity range 1x10-3 – 5x10-3 m/day).
2.

Winnambool Formation vertical hydraulic conductivity was obtained from reference to
current pumping tests (vertical hydraulic conductivity range 1x10-5 – 1x10-3 m/day).

3.

Finnis Formation parameters were adopted from AWE (2003). Current pumping tests
indicate the values are conservative (vertical hydraulic conductivity range 1x10-5 –
1x10-4 m/day).

Note regarding Bookpurnong area
In the Bookpurnong area, aquifer hydraulic parameters for the Loxton Sands were adopted
from AWE (2003) and these were used in both calibration and prediction.

5.2.4 MODEL BOUNDARIES
The eight-layer model is complex, and different boundary conditions were applied to simulate
the aquifer system, River Murray, and their hydraulic communication.
5.2.4.1 Layer-1: Loxton Sands and Monoman Formation and part Pata Formation
The regional groundwater flow is from east to west within the model domain with
groundwater flux entering the River Murray. Where the aquifers are laterally adjacent,
groundwater flows from the Loxton Sands into the Monoman Formation, and then discharges
to the river. The following boundary conditions were applied to Layer-1 (Fig. 31):
1. No-flow boundaries where groundwater flow is parallel to the model edge.
2.

General head boundaries and constant head boundaries to simulate groundwater flow
on the model edges where flow occurs into and out of the model.

3.

Constant head boundaries to simulate hydraulic communication between the Noora
evaporation basin and aquifers.

4.

Constant head boundary cells to simulate the River Murray (river stage AHD):
a.
16.30 m upstream Lock-5
b.
13.2 m Lock-5 to Lock-4
c.
9.8 m Lock-4 to Lock-3
River cells to simulate anabranch creeks on the floodplain.

5.
6.

Drainage cells to simulate groundwater seepage from the highland to the floodplain in
the Loxton area. The potentiometric heads were set at 11 m AHD, the average ground
surface elevation of the northern floodplain.
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7.

Drainage cells (potentiometric head 27 m AHD) were used in the Loxton area throughout
the area where the CDS occurs to control the groundwater table if it rises to the elevation
of the CDS.

8.

River cells to simulate the Katarapko Island disposal basin.

Aside:- The Loxton Comprehensive Drainage System (CDS)
The CDS was constructed to control the perched groundwater table that developed above
the Blanchetown Clay. There is no requirement for the Blanchetown Clay to be simulated in
the model for modelling runs to the present, as the effect of this aquitard in perching water is
accounted for by controlling the recharge rate and lag times to the Loxton Sands, where the
true groundwater table occurs.
However, the model does require control of the groundwater table during predictive
modelling runs, to account for the possibility that the groundwater mound in the Loxton
Sands reaches an elevation where the CDS would provide control. This control is provided
by using drainage cells throughout the area where the CDS occurs to control the
groundwater table if it rises to the elevation of the CDS.
5.2.4.2 Layer-2: Lower Loxton clay and shells and Bookpurnong Formation and part
Pata Formation
Very small volumes of water move laterally into and out of this layer due to its low
permeability. The following boundary conditions were applied to Layer-2 (Fig. 32).
1. No-flow boundaries were used at the model edges.
2.

Some constant head boundaries were used along the River Murray in areas where the
river is in hydraulic communication with the Pata Formation.

3.

River cells were used to simulate Lake Bonney.

5.2.4.3 Layer-3: Pata Formation
Regional groundwater flow is from the southeast to northwest within the model domain. The
following boundary conditions were applied to Layer-2 (Fig. 33).
1. Constant head boundaries were used at the model edges to simulate groundwater flow
into and out of the model.
2.

Constant head boundaries were used in the western area of the model where the River
Murray is in hydraulic communication with the Pata Formation.

3.

Constant head boundary cells to simulate the River Murray (river stage AHD):
a. 9.8 m upstream Lock-3
b. 6.1 m downstream Lock-3

5.2.4.4 Layer-4 and Layer 6: Winnambool Formation and Finnis Formation
Very small volumes of water move laterally into and out of this layer due to its low
permeability. No-flow boundaries were used at the model edges (Fig. 34).
5.2.4.5 Layer-5, 7 and 8: Glenforslan Formation, Upper and Lower Mannum Formation
Regional groundwater flow is from the southeast to northwest within the model domain.
Constant head boundaries were used at the model edges to simulate groundwater flow into
and out of the model (Fig. 35).
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5.2.5 MODEL RECHARGE
The Loxton – Bookpurnong area has a semi-arid climate with hot dry summers and some
rainfall during winter months. The average rainfall is ~400 mm/year with pan evaporation of
~2000 mm/year.
Prior to clearance of the native vegetation on the highland, vertical recharge to the Loxton
Sands resulting from rainfall infiltration is believed to have been as low as 0.1 mm/year
(Allison et al. 1990). A recharge rate of 0.1 mm/year was applied in the steady state model,
and to the non-irrigated areas in the transient model. Recent data obtained by the CSIRO
and Department for Environment and Heritage (DEH) indicates increased recharge in the
dryland farming areas, and this data will be included in the further modelling.
In the Loxton area, the recharge zones and recharge rates to the Loxton Sands were initially
adopted from AWE (2003). These recharge zones and recharge rates were modified during
calibration (Figs 36a, 36b, App. A-1 [Loxton] and B-1 [Bookpurnong]) and applied in
predictive modelling to simulate recharge from all sources to the Loxton Sands.
The modified recharge zones and recharge rates were modified by calibrating the model to
potentiometric heads in the Loxton Sands. The total volume was compared with the total
accession volume calculated by Ken Smith Technical Services in 1997 (refer to discussion in
calibration section). It is accepted that the values reported by AWE have had professional
judgement applied in their derivation.
Note regarding recharge in the Loxton - Bookpurnong area
In the Bookpurnong area, recharge zones and recharge rates to the Loxton Sands were
adopted from AWE (2003) and these were used in both calibration and prediction. The
following information regarding this issue was provided by AWE:
Recharge zones and rates for Loxton - Bookpurnong irrigation areas to 1997 are derived
from detailed crop data and water balances provided by Ken Smith Technical Services. Crop
types and hectares under irrigation were assembled on a property-by-property basis. Crop
factors, based on work done by AWE for the Bookpurnong Lock-4 Environmental Association
in 2002–03, were used to calculate the total application volume in each irrigation zone. The
zones are based on cadastral boundaries within the Loxton - Bookpurnong LAP area and
GIS coverages. The application volume in each irrigation zone was multiplied by 25% to
account for an estimated irrigation efficiency of 75% and lagged for 20 years, a length of time
based on the 27 years measured at Clark’s floodplain and initial model calibration. Some
percentage of the volume was not lagged, but was assumed to reach the aquifer by drain in
two special recharge zones. This volume is a fraction of the total recharge volume, the
fraction depending on how many wells were believed to be in use at different dates (2% per
well to a maximum of 10%). Some scenarios include changes in future recharge due to a
predicted expansion in irrigation at Bookpurnong. Likely patterns of growth post 1997 were
developed by AWE in consultation with David Ingerson of the LAP Steering Committee with
some input from the Bookpurnong and Lock-4 Environmental Group.

5.2.6 MODEL EVAPOTRANSPIRATION
Evapotranspiration was simulated using ground surface as a control point
(evapotranspiration rate 200 mm/year, Holland et al. (2001)) and applying an extinction depth
of 1.5 m. Evapotranspiration is most likely to occur on the floodplain and in some areas to the
east of the Loxton groundwater mound where a shallow groundwater table exists.
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5.2.7 MODEL GROUNDWATER ALLOCATION AND USE
There is no allocation of groundwater or use in the Loxton – Bookpurnong area.

5.2.8 MODEL STRESS PERIOD
The transient model can be used to model the historical period (1945–2004) and for
predictions (2004–2104) using a two-year stress period. In the final reporting, the results of
predicted salt loads entering the River Murray have been represented from 1945 because
irrigation commenced around 1945, but there were no hydraulic changes from 1945–55 due
to the time lag associated with recharge.
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6. MODEL CALIBRATION
6.1 STEADY STATE MODELS, TRANSIENT MODELS AND
CALIBRATION
Steady state models are used to model equilibrium hydrologic conditions and/or conditions
when changes in storage are insignificant. Transient models are used to model time
dependent stresses and / or where water is released from, or taken into storage.
Calibration of the model with existing data must be conducted in order to have confidence in
predictive modelling. Calibration is necessary to demonstrate that the model can replicate the
behaviour of the aquifer system for at least one set of conditions. A sensitivity analysis must
also be undertaken to determine the relative importance of model parameters (i.e. the
system drivers) in achieving calibration.

6.2 STEADY STATE MODEL CALIBRATION
Steady state calibration is undertaken to develop a broad-scale hydraulic conductivity
distribution by matching modelled to observed potentiometric heads. Steady state calibration
was performed by adjusting hydraulic conductivities (within reasonable limits) and model
boundary conditions. Dynamic stresses and storage effects are excluded from steady state
calibration.
Due to the absence of pre-irrigation development potentiometric head data, the steady state
model was calibrated using a constructed (S Barnett DWLBC) pre-irrigation development
potentiometric surface (Fig. 37) that is believed to represent equilibrium hydraulic conditions
in the area (note that this is the only available data).
A modelled potentiometric surface was achieved that closely matches the constructed
(groundwater table) potentiometric surface (Fig. 38) in the Loxton Sands and Monoman
Formation (in the east of the model domain), and the Murray Group Limestone (in the west of
the model domain where it is unconfined), at a time post-regulation of the River Murray, but
prior to irrigation development and enhanced recharge to the Loxton Sands.

6.3 TRANSIENT MODEL CALIBRATION
Transient calibration is undertaken to calibrate aquifer and aquitard hydraulic parameters,
and refine boundary conditions. The potentiometric surface output from the steady state
model was used as the starting point for transient model runs up to 2004. The transient
model was calibrated through an iterative process that involved adjusting the boundary
conditions, recharge rates and aquifer hydraulic parameters. Each time a change to the
boundary conditions and aquifer hydraulic parameters was made in the transient model, the
steady state model was altered and rerun, with the output being used as the starting point for
the transient model.
Model calibration was achieved by the following actions, in accordance with Murray Darling
Basin Commission (2000):
1. Qualitative comparison between modelled and observed potentiometric heads.
2.

Quantitative comparison between modelled and observed potentiometric heads.

3.

Iteration residual error.
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4.

Using salt load as confirmation (rather than water balance as calibration, as
recommended).

6.3.1 TRANSIENT MODEL CALIBRATION - QUALITATIVE COMPARISON OF
POTENTIOMETRIC HEADS
Initial qualitative calibration of the transient model was undertaken by simulating the regional
potentiometric heads at 2003 and 2004. The modelled and observed potentiometric heads
from 2003 and 2004 were compared to determine the accuracy of the calibration.
6.3.1.1 Layer-1: Loxton Sands and Monoman Formation and part Pata Formation
Qualitative comparison between the modelled (Fig. 39) and observed potentiometric heads
(Fig. 6) of the Loxton Sands and Monoman Formation in the Loxton area, indicates the
modelled distribution closely represents the shape and form of the observed distribution,
including the Loxton groundwater mound.
Note regarding Bookpurnong area
Qualitative comparison between the modelled and observed (2002) potentiometric heads of
the Loxton Sands and Monoman Formation in the Bookpurnong area indicates the modelled
distribution adequately represents the shape and form of the observed distribution.
6.3.1.2 Layer-3: Pata Formation
Qualitative comparison between modelled (Fig. 40) and observed potentiometric heads
(Fig. 7) of the Pata Formation indicates the modelled distribution adequately represents the
shape and form of the observed distribution, including an expression of the Loxton
groundwater mound resulting from downward vertical leakage from the Loxton Sands (and
possibly hydraulic loading of the aquifer by the mound in the overlying Loxton Sands).
6.3.1.3 Layer-5: Glenforslan Formation
Qualitative comparison between the modelled (Fig. 41) and observed potentiometric heads
(Fig. 8) of the Glenforslan Formation indicates the modelled distribution represents the shape
and form of the observed distribution, but with an expression of the Loxton groundwater
mound.
Aside:- Calibration of Potentiometric Heads in Deeper Units
Calibration of potentiometric heads in deeper units is hampered by the lack of observed data,
particularly prior to the current investigations. The model predicts the downward continuation
of the Loxton groundwater mound into the Glenforslan Formation and Upper Mannum
Formation, where there is no evidence of mounding.
The model represents a conservative hydraulic scenario, allowing for downward vertical
leakage to the Glenforslan Formation and Upper Mannum Formation resulting in an
expression of the Loxton groundwater mound, and elsewhere in the model allowing for
upward leakage from the Murray Group Limestone. Potential upward leakage was a topic of
concern to SA Water, AWE and DWLBC.
Acceptance of this model response recognises the fact that existing aquifer and aquitard
hydraulic parameter data are sparse, may be conservative, and have been applied over
much larger areas than that actually tested during pumping tests.
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This conservative approach to modelling indicates that, regardless of the development of a
groundwater mound in the Glenforslan Formation and Upper Mannum Formation, the target
aquifers for salt interception are the Monoman Formation and Loxton Sands.
6.3.1.4 Layer-7: Upper Mannum Formation
Qualitative comparison between the modelled (Fig. 42) and observed potentiometric heads
(Fig. 9) of the Upper Mannum Formation indicates the modelled distribution represents the
shape and form of the observed distribution, with an expression of the Loxton groundwater
mound.

6.3.2 TRANSIENT MODEL CALIBRATION - QUANTITATIVE COMPARISON OF
POTENTIOMETRIC HEADS
Due to the fact that the target aquifers for salt interception are the Loxton Sands and
Monoman Formation, quantitative calibration was conducted for these aquifers. The lack of
observed data from the Pata Formation, Glenforslan Formation and Upper Mannum
Formation precludes quantitative calibration for these units.
In the Loxton area quantitative comparison between modelled and observed (historical)
potentiometric heads of observation wells (Fig. 43) completed in the Loxton Sands and
Monoman Formation indicates a satisfactory match (Figs 44–52).
Note regarding Bookpurnong area
No quantitative calibration has been undertaken in the Bookpurnong area at this time, but is
recommended as a component of future work.

6.3.3 TRANSIENT MODEL CALIBRATION ITERATION RESIDUAL ERROR
The iteration residual error, between modelled and observed potentiometric heads of the
Loxton Sands and Monoman Formation in the Loxton area was calculated using data from
1976, 1990 and 2004 (years for which more data was available). The calculations (Figs
53–55) indicate a normalised root mean square value for 1976 (6.8%), 1990 (4.8%) and
model validation in 2004 (4.7%). These values are less than, or close to, the 5%
recommended by Murray Darling Basin Commission (2000).

6.3.4 MODEL CONFIRMATION - COMPARISON OF SALT LOAD
6.3.4.1 Loxton area
Groundwater salinity values in the Loxton Sands vary dramatically across the Loxton Bookpurnong region, reflecting the impact of low salinity irrigation drainage water on the
saline native groundwater. Groundwater salinity data were sourced from pumping tests and
HYDROLAB geophysical sonding, the latter demonstrating stratification with the heavier
dense saline groundwater underlying low salinity irrigation water.
For the purposes of predicting salt load entering the River Murray, professional judgement
was applied to available groundwater salinity data to arrive at values considered to be
representative of various zones along the river (Fig. 4). The more saline native groundwater
values (7000–40 000 mg/L) were adopted for these zones.
The salt load entering the River Murray in the Loxton – Bookpurnong area was calculated by
converting the modelled groundwater flux by applying relevant values of groundwater salinity
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for a number of model flow budget zones along the river (Figs 56, 57 respectively). The
salinity for each zone and the resulting calculations of the salt load are given in Appendix A-2
[Loxton] and B-2 [Bookpurnong].
In the Loxton area confirmation that the modelled (calculated) salt load entering the River
Murray matched the salt load observed during run-of-river salinity surveys (that can have a
wide range depending on river flows) was achieved by comparing the modelled and
observed values. The modelled salt load values of 120–140 tonnes/day are quite acceptable
when compared to the run-of-river data that indicates 80–120 tonnes/day (Table 7), and this
provides additional confidence in the model.
Table 7.

Comparison between modelled salt load and run-of-river salinity data in the
Loxton area
Salt load (tonnes/day) at flow rates of 5000–20 000 ML/day
Modelled

Year
Eastern side
Irrigation Area

Western side Katarapko
Island (disposal basin)

Total

Run-of-river
salinity data

Jul 1992 – Jul 2002

100

43

143

100–119

Aug 2001 – Jul 2002

96

28

124

82–104

Asside:- Salt load from Katarapko Island
The flux of saline groundwater from the western side of the River Murray is driven by the
operation of the Katarapko Island disposal basin. When this basin has been operated with a
high water level a flux of saline groundwater is induced towards the river. Due to the fact that
no basin waterlevel data was available, an estimated high water level was applied in the
model, consistent with maximum observed (historical) potentiometric heads in the
surrounding aquifer. This modelling approach results in a maximum flux entering the river
that may be greater than that currently occurring.
Note regarding Bookpurnong area
In the Bookpurnong area, the modelled salt load of 72 tonnes/day closely matches the runof-river salt load in 2002 of 78 tonnes/day given in AWE (2003).

6.3.5 MODEL CONFIRMATION – COMPARISON OF RECHARGE VOLUME
The input recharge zones and recharge rates (AWE 2003) were modified by calibrating the
model to provide a best match with potentiometric heads in the aquifers. The total volume of
recharge applied in the model was then compared with the calculated total accession volume
from Smith (1997) (Fig. 58).
The calculated total accession (Smith) took into account rainfall infiltration, total application,
irrigation efficiency and other associated irrigation losses. The modelled recharge volume
(which was adjusted during the calibration process) was less than or equal to the calculated
accession volume. Any difference is most certainly due to the calculated volume including
water perched above the Blanchetown Clay, inaccuracies in records of pumped volumes,
and assumptions made regarding losses. The close similarity in the values gives confidence
that the total recharge applied in the model is satisfactory.
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6.3.6 MODEL CONFIRMATION - COMPARISON BETWEEN MODEL RESULTS
AND TEM
The modelling discussed in this report confirms that the sections of the River Murray where
the salt load entering the river is greatest (Fig. 59) is relatively consistent with potential
discharge zones indicated by the TEM data (Fig. 2).
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7. MODELLING RUNS AND PREDICTIVE MODELLING
RUNS
Once satisfactory calibration of the model has been achieved, the transient model provides a
useful predictive tool to quantify fluxes of saline groundwater, and the impacts of specific
pumping stresses on potentiometric heads, over periods that may range from tens to
hundreds of years.
In particular, the model can predict the:
1. Lateral flux of saline groundwater and (by using appropriate salinity values) salt load,
entering the River Murray from the Loxton Sands and Monoman Formation in the Loxton
– Bookpurnong area.
2.

Vertical leakage and (by using appropriate salinity values), salt load from the Murray
Group Limestone into the overlying Pliocene Sands.

3.

Impact of SIS on the flux of saline groundwater and salt load entering the River Murray.

Note that all predictions are for the eastern side of the River Murray
In the Loxton area, the recharge zones and recharge rates applied in predictive modelling
were based on model calibration.
Note regarding Bookpurnong area
• In the Bookpurnong area, recharge zones, recharge rates and irrigation efficiencies
applied in predictive modelling were taken from AWE (2003).
•

Prediction results for Bookpurnong are included in tables in the following sections.

•

The proposed SIS applied in predictive modelling was provided by AWE in June 2004.

7.1 SCENARIOS
The scenarios summarised in Table 8, and detailed below, were requested to be run by
DWLBC Murray Darling Basin Division and are designed to:
1. Determine the relative impact of the various pre-and post-1988 actions undertaken in the
Loxton - Bookpurnong area.
2.

Determine the impacts of improved irrigation practice, and distribution system
rehabilitation on the flux of saline groundwater and salt load entering the River Murray.

3.

Determine the accountability for cost sharing.

4.

Satisfy the reporting requirements of both Schedule ‘C’ of the Murray-Darling Basin
Agreement 1992 and the Basin Salinity Management Strategy Operational Protocols
2003.

The scenarios include the application (or not) of the following important conditions:
1. Improved irrigation practices (IIP) commencing in the late 1990s when furrows were
replaced by sprinklers, thus increasing irrigation efficiency from 75–85%. Recharge
zones are given in Figure 36a and Figure 36b and recharge rates are given in Appendix
A-1-4 [Loxton] and B-1-4 [Bookpurnong] a significant reduction of recharge rates after
1998 is assumed to be due to the (IIP).
2.

Loxton headworks rehabilitation (RH), ie replacement of concrete distribution channels
with pipelines, commencing in 2002, resulted in reduced transportation losses which are
reflected in reduced recharge rates. Recharge zones are given in Figure 36a and
recharge rates are given in Appendix A-1-5 [Loxton].

3.

Construction of SIS.
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Table 8.

Summary of modelled scenarios and conditions

Scenario

Model Run

Scenario-1

Steady State

Scenario-2

Irrigation
development area

IIP

RH

SIS

None

None

None

None

1945-2004

1945–2004 (from
1945 to current
condition)

70–85%

Yes

None

Scenario-3

2004-2104

Pre-1988

70%

None

None

Scenario-4

2004-2104

Pre-1988

85%

None

None

Scenario-5

2004-2104

Pre-1988

85%

Yes

None

Scenario-6

2004-2104

Post-1988*

85%

Yes

None

Scenario-7

2004-2104

Pre-1988

85%

Yes

SIS-1 designed for current
recharge condition

Scenario-8

2004-2104

Post-1988*

85%

Yes

SIS-2 designed for post1988 recharge condition

* Post-1988 includes pre-1988 + post-1988 irrigation development

7.1.1 SCENARIO-1: STEADY STATE (PRIOR TO 1945)
Scenario-1 provides the base groundwater flux and salt load entering the River Murray postregulation and prior to irrigation development.
7.1.1.1 Scenario-1: Conditions
The following conditions were applied in the steady state model in the Loxton – Bookpurnong
area:
1. Post-regulation of the River Murray.
2.

Pre-irrigation development.

7.1.1.2 Scenario-1: Modelling results
The results for Loxton and Bookpurnong, given in Table 9, indicate that of the 6.65
tonnes/day salt load entering the River Murray in the Loxton area, 35% enters by vertical
leakage from underlying aquifers, the remaining 65% enters by lateral flow.
Table 9.

Scenario-1 predicted groundwater flux and salt load from eastern side of
river.
Loxton

Bookpurnong

Lateral

Upward

Total

Lateral

Upward

Total

Flux (ML/day)

0.23

0.06

0.29

0.24

0.08

0.32

Salt load (Tonnes/day)

4.31

2.34

6.65

7.24

1.98

9.21
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7.1.2 SCENARIO-2: HISTORICAL 1945–2004
Transient Scenario-2 models the hydrological changes that occurred in the Loxton area, due
to historical irrigation development from 1945–2004, and groundwater flux and salt load
entering the River Murray. The model results are identical to those resulting from model
calibration, and represent the historical on-ground situation.
7.1.2.1 Scenario-2: Conditions
The following conditions were applied in the transient model in the Loxton – Bookpurnong
area:
1. Irrigation activity commencing in the Loxton area in 1945 and running until 2004.
2.

A total area under irrigation that increases from 1945–2004.

3.

Recharge rates applied to meet that required for calibration commencing from 1955 (due
to the application of a 10 year lag time).

4.

Improved irrigation practices commencing in the late 1990s with furrows being replaced
by sprinklers.

5.

Loxton headworks rehabilitation of the distribution network commencing in 2002.

7.1.2.2 Scenario-2: Modelling results
The results of the predicted flux of saline groundwater and salt load entering the River
Murray are given in Appendix A-2 [Loxton] and B-2 [Bookpurnong].
The results for Loxton and Bookpurnong for 2004, given in Table 10, indicate the salt load
entering the River Murray under current conditions. Of the 92 tonnes/day salt load in the
Loxton area, 22% enters by vertical leakage from underlying aquifers, the remaining 78%
enters by lateral flow.
Table 10. Scenario-2 predicted groundwater flux & salt load at 2004 from eastern side
of river
Loxton

Bookpurnong

Lateral

Upward

Total

Lateral

Upward

Total

Flux (ML/day)

3.16

0.70

3.86

2.23

0.23

2.46

Salt load (Tonnes/day)

71.76

20.59

92.34

66.92

5.84

72.76

7.1.3 SCENARIO-3: PRE-1988 IRRIGATION DEVELOPMENT WITH NO
MITIGATION
Transient Scenario-3 predicts the hydrological changes, and groundwater flux and salt load
entering the River Murray, that would be expected to occur in the Loxton area from 1988 until
2104 under pre-1988 irrigation development with no mitigation.
7.1.3.1 Scenario-3: Conditions
The following conditions were applied in the transient model in the Loxton – Bookpurnong
area:
1. The potentiometric surface output from Scenario-2, at 1988, was used as the starting
point for a prediction run until 2104.
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2.

Irrigation operating at 70% efficiency from 1988–2104 on pre-1988 irrigation
development areas.

The following conditions represented in Scenario-2 were NOT activated:
1. Improved irrigation practices commencing in the late 1990s with furrows being replaced
by sprinklers.
2.

Loxton headworks rehabilitation of the distribution network commencing in 2002.

3.

Post-1988 irrigation development area.

7.1.3.2 Scenario-3: Prediction results
The results of the predicted flux of saline groundwater and salt load entering the River
Murray are given in Appendix A-3 [Loxton] and B-3 [Bookpurnong].
The results for Loxton and Bookpurnong for 2104, given in Table 11, indicate the predicted
maximum salt load entering the River Murray. Of the 113 tonnes/day salt load in the Loxton
area, 21% enters by vertical leakage from underlying aquifers, the remaining 79% enters by
lateral flow.
Table 11. Scenario-3 predicted groundwater flux & salt load at 2104 from eastern side
of river
Loxton

Bookpurnong

Lateral

Upward

Total

Lateral

Upward

Total

Flux (ML/day)

4.53

0.88

5.41

3.20

0.29

3.49

Salt load (Tonnes/day)

89.10

23.51

112.61

95.99

7.22

103.21

7.1.4 SCENARIO-4: PRE-1988 IRRIGATION DEVELOPMENT + IIP
Transient Scenario-4 predicts the hydrological changes, and groundwater flux and salt load
entering the River Murray, that would be expected to occur in the Loxton area from 2002 until
2104 under pre-1988 irrigation development with IIP. This scenario tests the reduction in salt
load resulting from the implementation of IIP.
7.1.4.1 Scenario-4: Conditions
The following conditions were applied in the transient model in the Loxton – Bookpurnong
area:
1. The potentiometric surface output from Scenario-2, at 2002, was used as the starting
point for a prediction run until 2104.
2.

Irrigation operating at 85% efficiency (the result of IIP) from 2002–2104 on pre-1988
irrigation development areas.

The following conditions represented in Scenario-2 were NOT activated:
1. Loxton headworks rehabilitation of the distribution network commencing in 2002.
2.

Post-1988 irrigation development area.

7.1.4.2 Scenario-4: Prediction results
The results of the predicted flux of saline groundwater and salt load entering the River
Murray are given in Appendix A-4 [Loxton] and B-4 [Bookpurnong].
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The results for Loxton and Bookpurnong for 2104, given in Table 12, indicate the predicted
salt load reduction to the River Murray, in comparison to Scenario-3. Of the 101 tonnes/day
salt load in the Loxton area, 22% enters by vertical leakage from underlying aquifers, the
remaining 78% enters by lateral flow. The implementation of IIP reduces the salt load by 11
tonnes/day with respect to Scenario-3.
Table 12. Scenario-4 predicted groundwater flux & salt load at 2104 from eastern side
of river
Loxton

Bookpurnong

Lateral

Upward

Total

Lateral

Upward

Total

Flux (ML/day)

4.08

0.84

4.92

1.94

0.23

2.17

Salt load (Tonnes/day)

78.94

22.42

101.35

58.33

5.68

64.01

7.1.5 SCENARIO-5: PRE-1988 IRRIGATION DEVELOPMENT + IIP + RH
Transient Scenario-5 predicts the hydrological changes, and groundwater flux and salt load
entering the River Murray, that would be expected to occur in the Loxton area from 2002 until
2104 if the CURRENT RECHARGE conditions remain unchanged into the future. This
scenario assumes pre-1988 irrigation development with IIP + RH. This scenario tests the
reduction in salt load resulting from the implementation of RH.
7.1.5.1 Scenario-5: Conditions
The following conditions were applied in the transient model in the Loxton – Bookpurnong
area:
1. The potentiometric surface output from Scenario-2, at 2002, was used as the starting
point for a prediction run until 2104.
2.

Irrigation operating at 85% efficiency (the result of IIP) from 2002–2104 on pre-1988
irrigation development areas.

3.

Loxton headworks rehabilitation of the distribution network commencing in 2002.

Recharge from post-1988 irrigation development area was NOT included.
7.1.5.2 Scenario-5: Prediction results
The results of the predicted flux of saline groundwater and salt load entering the River
Murray are given in Appendix A-5 [Loxton] and B-5 [Bookpurnong].
The results for Loxton and Bookpurnong for 2104, given in Table 13, indicate the predicted
salt load reduction to the River Murray, in comparison to Scenario-4. Of the 79 tonnes/day
salt load in the Loxton area, 23% enters by vertical leakage from underlying aquifers, the
remaining 78% enters by lateral flow. The implementation of RH reduces the salt load by 22
tonnes/day with respect to Scenario-4.
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Table 13. Scenario-5 predicted groundwater flux & salt load at 2104 from eastern side
of river
Loxton

Bookpurnong

Lateral

Upward

Total

Lateral

Upward

Total

Flux (ML/day)

3.14

0.69

3.83

1.76

0.21

1.97

Salt load (Tonnes/day)

60.91

18.52

79.43

52.73

5.16

57.89

7.1.6 SCENARIO-6: ‘POST-1988’ IRRIGATION DEVELOPMENT
Transient Scenario-6 predicts the hydrological changes, and MAXIMUM groundwater flux
and salt load entering the River Murray, that would be expected to occur in the Loxton area
from 2002 until 2104 under the MAXIMUM RECHARGE conditions. This scenario assumes
pre-1988 irrigation development with IIP + RH, and post-1988 irrigation development with IIP
(‘POST-1988’ irrigation development). This scenario tests the increase in salt load resulting
from post-1988 irrigation development.
7.1.6.1 Scenario-6: Conditions
The following conditions were applied in the transient model in the Loxton – Bookpurnong
area:
1. The potentiometric surface output from Scenario-2, at 2002, was used as the starting
point for a prediction run until 2104.
2.

Irrigation operating at 85% efficiency (the result of IIP) between 2002 and 2104 on pre1988 irrigation development areas.

3.

Loxton headworks rehabilitation of the distribution network commencing in 2002.

4.

The expected increasing recharge to the Loxton Sands (after 2004) resulting from the
post-1988 irrigation development areas operating at 85% efficiency.

7.1.6.2 Scenario-6: Prediction results
The results of the predicted flux of saline groundwater and salt load entering the River
Murray are given in Appendix A-6 [Loxton] and B-6 [Bookpurnong].
The results for Loxton and Bookpurnong for 2104, given in Table 14, indicate the predicted
maximum salt load entering the River Murray, in comparison to Scenario-5. Of the 99
tonnes/day salt load in the Loxton area, 23% enters by vertical leakage from underlying
aquifers, the remaining 78% enters by lateral flow. The post-1988 irrigation development
increases the salt load by 20 tonnes/day with respect to Scenario-5.
Table 14. Scenario-6 predicted groundwater flux & salt load at 2104 from eastern side
of river
Loxton

Bookpurnong

Lateral

Upward

Total

Lateral

Upward

Total

Flux (ML/day)

3.96

0.84

4.80

5.42

0.41

5.83

Salt load (Tonnes/day)

77.13

22.52

99.65

162.49

10.20

172.69
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7.1.7 SCENARIO-7: PRE-1988 IRRIGATION DEVELOPMENT + IIP + RH + SIS-1
Transient Scenario-7 predicts the hydrological changes, and groundwater flux and salt load
entering the River Murray, that would be expected to occur in the Loxton area from 2002 until
2104 if the CURRENT RECHARGE conditions remain unchanged into the future (ie
Scenario-5). This scenario assumes pre-1988 irrigation development with improved IIP + RH
+ SIS-1. This scenario tests the reduction in salt load resulting from the construction of SIS-1.
7.1.7.1 Scenario-7: Conditions
The following conditions were applied in the transient model in the Loxton – Bookpurnong
area:
1. The potentiometric surface output from Scenario-2, at 2002, was used as the starting
point for a prediction run until 2104.
2.

Irrigation operating at 85% efficiency (the result of IIP) from 2002–2104 on pre-1988
irrigation development areas.

3.

Loxton headworks rehabilitation of the distribution network commencing in 2002.

4.

Construction of a SIS-1 in 2004.

Recharge from post-1988 irrigation development area was NOT included.
7.1.7.2 Scenario-7: Prediction results
The results of the predicted flux of saline groundwater and salt load entering the River
Murray are given in Appendix A-7 [Loxton] and B-7 [Bookpurnong].
The results for Loxton and Bookpurnong for 2104, given in Table 15, indicate the predicted
salt load reduction to the River Murray, in comparison to Scenario-5. The construction of SIS1 reduces the salt load in the Loxton area by 56 tonnes/day with respect to Scenario-5.
Table 15. Scenario-7 predicted groundwater flux & salt load at 2104 from eastern side
of river
Loxton

Bookpurnong

Lateral

Upward

Total

Lateral

Upward

Total

Flux (ML/day)

0.86

0.29

1.15

0.42

0.18

0.60

Salt load (Tonnes/day)

12.71

10.94

23.20

12.69

4.59

17.28

7.1.7.3 Scenario-7: Loxton SIS-1 scheme concept design
Modelling of Scenario-5 (the current situation continuing unchanged until 2104) indicates the
salt load entering the River Murray in the Loxton area at 2104 is 80 tonnes/day. This salt load
results in an additional 20 EC (using a conversion of 4 tonnes of salt per EC) being observed
in-river at Morgan. The operational target reduction of the Loxton SIS-1 is an in-river EC
benefit approaching this value at Morgan as closely as possible.
The concept curtain wellfield SIS-1 for the Loxton area has been developed using the
groundwater model. The concept SIS-1 (Fig. 60a), composed of 65 production wells pumping
at 0.5–2 L/s, is intended to intercept the flux of saline groundwater that enters the River
Murray from the eastern side between river kilometre 488 and 502. The saline groundwater
will be transmitted to the Noora evaporation disposal basin.
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The concept SIS-1 will reduce the 2104 salt load of 80 tonnes/day entering the River Murray
to 23 tonnes/day, a reduction of 71%. This represents an in-river benefit at Morgan of 14 EC.
The DWLBC preferred interception option and logic includes:
1. The majority of the post-irrigation development flux of saline groundwater enters the
River Murray directly from the Loxton Sands, and from the Loxton Sands via the
Monoman Formation, from the eastern side of the river.
2.

Ideally the Loxton Sands should be targeted to prevent discharge into the Monoman
Formation and seepage at the edge of the floodplain. Pumping the Loxton Sands is
preferable, as this results in a lesser volume of high salinity groundwater requiring
disposal, in comparison to pumping from the Monoman Formation. The Monoman
Formation should be targeted in areas where there is significant discharge from the
floodplain into the River Murray. However, investigations have revealed that well
construction problems force the movement of production wells to the floodplain where it
exists.

3.

Note that pumping from the highland controls the groundwater flux entering the
floodplain, but response in the River Murray may be slow. Pumping from the floodplain
may result in a more rapid in-river response, but this results primarily in removing saline
groundwater in storage, rather than controlling the flux of saline groundwater entering
the floodplain. It should be noted that (in general) pumping should not occur around the
exterior of wide floodplains directly adjacent to the river as the hydraulic gradient is likely
to be away from the river towards the centre of the floodplain.

4.

The construction of SIS-1 involving a curtain of production wells is expected to result in
rapid in-river EC benefits. Production wells will be required to reduce the groundwater
table to river pool level at the mid-point.

5.

Controlling post-flood recession discharge from the floodplain areas is not considered.

6.

SIS-1 assumes the use of conventional production wells that are not as effective as
required in the Loxton Sands due to the base of he aquifer being close to river pool level.
Note that Scenario-8 SIS-2 assumes that the potentiometric head can be reduced to
river pool level and is therefore more efficient.

Note regarding Bookpurnong area
• In the Bookpurnong area, numbers and locations of production wells, and pumping rates
were provided by AWE in June 2004.
•

The concept SIS-1 will reduce the 2104 salt load of 64 tonnes/day entering the River
Murray to 17 tonnes/day, a reduction of 73%. This represents an in-river benefit at
Morgan of 10 EC. Note that the AWE wellfield involves only floodplain production wells.

Aside:- Operation of the Katarapko Island Disposal Basin
Development of the CDS commenced in 1952 and was commissioned in 1964 to intercept
excess irrigation water for transport to the Katarapko Island disposal basin. The CDS
network comprises tile drains distributed throughout the Loxton irrigation region, connected
to 14 large concrete caissons from which water is pumped to the Katarapko Island disposal
basin. The CDS was designed to control the perched groundwater table at a depth
exceeding 1.4 m below ground surface in the Loxton irrigation area. The CDS has
successfully achieved this objective, with the exception of overflow areas where the water
not intercepted by the CDS recharges the groundwater mound.
Prior to 1964, the potentiometric head in the Monoman Formation on Katarapko Island
occurred at ~9.8 m AHD (0.2 m below river pool level) resulting in a small gradient away from
the river. Although operational strategies prepared in 1976 and 1985 recommended
restricting the water level in the basin to 11 m AHD, the volume being delivered to the
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disposal basin in the 1970s and 1980s resulted in elevation of the potentiometric head near
the basin up to 11.5 m AHD.
While the water level in the basin has reduced as a result of improved irrigation practices and
headworks rehabilitation, two small groundwater mounds still exist that exhibit a
potentiometric head up to 1 m above river pool level, thus driving saline groundwater into the
river. This influence is reflected in higher conductivities observed in TEM data. Observation
well hydrographs indicate that fluctuations in potentiometric head up to 1 m can occur rapidly
over a 6–12 month period.
The flux of saline groundwater entering the River Murray from the western side of the river is
driven by the operation of the Katarapko Island disposal basin. When this basin has been
operated with a high water level a flux of saline groundwater is induced to the river. Due to
the fact that no basin water level data was available, an estimated high basin water level was
applied in the model, consistent with maximum observed (historical) potentiometric heads in
the surrounding aquifer. This modelling approach results in a maximum flux that may be
greater than that currently occurring.
Historically, discharge to the Katarapko Island disposal basin has been as high as
~6000 ML/yr, peaking in 1994. In recent years, the need for the disposal basin has been
reduced due to the irrigation efficiency measures implemented in the Loxton area resulting in
~2000 ML/year being pumped to the basin since 2001 (Fig. 61).
Modelling indicates that:
1. The flux of saline groundwater entering the River Murray from the western side is
mobilized by the disposal of CDS irrigation drainage water to the Katarapko Island
disposal basin.
2.

Under 2002 conditions (Table 7) the salt load entering the River Murray from the western
side of the river was 28 tonnes/day.

3.

When the disposal basin is removed from the model, and replaced with
evapotranspiration simulating what is believed to be the natural floodplain conditions on
Katarapko Island, the salt load entering the River Murray from the western side reduces
to zero.

7.1.8 SCENARIO-8: ‘POST-1988’ IRRIGATION DEVELOPMENT + SIS-2
Transient Scenario-8 predicts the hydrological changes, and MAXIMUM groundwater flux
and salt load entering the River Murray, that would be expected to occur in the Loxton area
from 2002 until 2104 under the MAXIMUM RECHARGE conditions in the future (Scenario-6).
This scenario assumes pre-1988 irrigation development with IIP + RH, and post-1988
irrigation development with IIP (‘POST-1988’ irrigation development), plus SIS-2 (Fig. 60b).
This scenario tests the reduction in salt load resulting from the construction of SIS-2.
7.1.8.1 Scenario-8: Conditions
The following conditions were applied in the transient model in the Loxton – Bookpurnong
area:
1. The potentiometric surface output from Scenario-6, at 2004, was used as the starting
point for a prediction run until 2104.
2.

Irrigation operating at 85% efficiency (the result of IIP) from 2002–2104 on pre-1988
irrigation development areas.

3.

Loxton headworks rehabilitation of the distribution network commencing in 2002.
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4.

The expected increasing recharge to the Loxton Sands (after 2004) resulting from the
post-1988 irrigation development areas operating at 85% efficiency.

5.

Construction of SIS-2 in 2004 to intercept 100% salt load entering the River Murray at
2104.

7.1.8.2 Scenario-8: Prediction results
The results of the predicted flux of saline groundwater and salt load entering the River
Murray are given in (App. A-8 [Loxton] and B-8 [Bookpurnong]).
The results for Loxton and Bookpurnong for 2104, given in Table 16, indicate the predicted
salt load reduction to the River Murray, in comparison to Scenario-6. The construction of SIS2 reduces the salt load in the Loxton area by 87 tonnes/day with respect to Scenario-6.
Table 16. Scenario-8 predicted groundwater flux & salt load at 2104 from eastern side
of river
Loxton

Bookpurnong

Lateral

Upward

Total

Lateral

Upward

Total

Flux (ML/day)

0.05

0.32

0.37

0.23

0.3

0.53

Salt load (Tonnes/day)

1.23

11.15

12.38

6.75

7.51

14.26

7.1.8.3 Scenario-8: Loxton SIS-2 scheme concept design
Modelling of Scenario-6 indicates the salt load entering the River Murray in the Loxton area
at 2104 is 100 tonnes/day. This salt load results in an additional 25 EC being observed inriver at Morgan. The operational target reduction of the Loxton SIS-2 is an in-river EC benefit
approaching this value at Morgan as closely as possible.
Modelling indicates that the additional flux of saline groundwater over that of Scenario-7 can
be intercepted by increasing pumping rates rather than by installing extra production wells
(App. A-8 [Loxton] and B-8 [Bookpurnong]). It should be noted that although increased
pumping rates can be applied to production wells in the model, it is possible that increased
pumping rates will not be able to be applied to actual constructed wells.
The concept SIS-2 will reduce the 2104 salt load of 100 tonnes/day entering the River
Murray to 12 tonnes/day, a reduction of 87%. This represents an in-river benefit at Morgan of
22 EC.’

7.1.9 COMPARISON OF PREDICTION RESULTS OF SALT LOADS ENTERING
THE RIVER MURRAY FOR ALL SCENARIOS
The biannual prediction results of salt loads entering the River Murray for all scenarios for
Loxton and Bookpurnong (Figs 62, 63 respectively) indicate the trends for each scenario.
These trends clearly indicate that the maximum benefit is rapidly achieved in Scneario-7 and
Scenario-8 at both Loxton and Bookpurnong.
The SIS-2 that operates in Scenario-8 requires increasing pumping rates that may not be
achievable. However, regardless of pumping rates, the outcome will be the same if the
drawdown target of river pool level between production wells is achieved.
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8. MODEL SENSITIVITY ANALYSIS
8.1 SENSITIVITY ANALYSIS
Sensitivity analysis is a procedure for quantifying the impact of an incremental variation in
aquifer hydraulic parameters, or a stress, on an aquifers modelled response. The purpose of
the sensitivity analysis is to identify the drivers in the system.
The transient model has been calibrated for aquifer hydraulic parameters and recharge, and
only requires sensitivity testing of issues of major concern and to comply with the Murray
Darling Basin Modelling Guideline (2000). In the Loxton area there is some uncertainty
regarding the:
1. Nature and extent of the aquitards, ie the existence of low vertical hydraulic conductivity
between the aquifers. In particular, the frequent absence of the Bookpurnong Formation
on the floodplain, and the relatively thin nature of the Finnis Formation, raises doubts as
to the effectiveness of the confinement of the Upper Mannum Formation.
2.

River pool level that influences the flux of saline groundwater to the River Murray.

3.

The magnitude of groundwater flux from the Loxton Sands to the Monoman Formation,
and directly to the River Murray where the Monoman Formation does not exist. This is
controlled by the aquifer hydraulic parameters.

4.

The impact of variations in the aquifer hydraulic parameters of the Loxton Sands on the
magnitude of salt load from the Loxton Sands to the Monoman Formation.

8.2 TRANSIENT MODEL SENSITIVITY ANALYSIS
8.2.1 SENSITIVITY TEST-1: REMOVAL OF ALL AQUITARDS
This sensitivity test was conducted to test the hypothesis that the dominant contribution of
salt to the River Murray occurs from the Upper Mannum Formation, rather that from the
Loxton Sands and Monoman Formation. Determination of the target aquifer(s) for salt
interception is critical to successful implementation of any SIS.
8.2.1.1 Sensitivity test-1: Conditions
Scenario-5 (pre-1988 irrigation development + IIP + RH) was selected for sensitivity testing.
Sensitivity testing was conducted by removing all aquitards from the model and running the
model 100 years into the future.
8.2.1.2 Sensitivity test-1: Results
Sensitivity results (App. A-9 [Loxton]) indicate:
1. The removal of all aquitards resulted in the potentiometric head in the Loxton area in the
Pata Formation, Glenforslan Formation and Upper Mannum Formation reaching a similar
elevation to that of the modelled Loxton Sands potentiometric head (22 m AHD).
It must be emphasised that the observed potentiometric heads indicate that this scenario
is impossible. Note that the 2004 observed potentiometric head at the centre of the
Loxton groundwater mound in the Loxton Sands is nearly 27 m AHD, compared to
18.8 m AHD in the Upper Mannum Formation.
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2.

The following changes in salt load:
a. The salt load moving vertically from the Upper Mannum Formation into the River
Murray in the Loxton area increases by a maximum 25 tonnes/day.
b. The salt load entering the River Murray laterally, from the Loxton Sands and
Monoman Formation in the Loxton area, reduces by 25 tonnes/day.
It should be noted that the existence of any aquitard will result in the increased vertical
salt load being significantly reduced. It is clear from both the drilling and pumping tests
that have been conducted in the Loxton area that the Pata Formation, Glenforslan
Formation and Upper Mannum Formation exhibit at least some level of confinement.

8.2.2 SENSITIVITY TEST-2: REMOVAL OF ALL AQUITARDS + PRODUCTION
WELLS IN THE UPPER MANNUM FORMATION
This test builds on Sensitivity test-1 (removal of all aquitards), with the addition of production
wells completed in the Upper Mannum Formation. This test was conducted to determine
whether pumping from the Upper Mannum Formation would control the salt load entering the
River Murray, one of the potential Loxton SIS options proposed in AWE (2003).
8.2.2.1 Sensitivity test-2: Conditions
Scenario-5 (pre-1988 irrigation development + IIP + RH) was selected for sensitivity testing.
Sensitivity testing was conducted by removing all aquitards from the model, and adding eight
production wells screened over the Upper Mannum Formation in the Loxton area pumping at
rates of 7 L/s, and running the model until 2105.
8.2.2.2 Sensitivity test-2: Results
Sensitivity test results (App. A-10 [Loxton]) indicate that a reduction in the salt load entering
the River Murray (from all sources, not just the Upper Mannum Formation) of 20 tonnes/day
occurred in comparison the Sensitivity test-1.
The results indicate that even with the removal of all aquitards, the production wells can only
reduce the salt load entering the River Murray by 20 tonnes/day. It is clear, from both the
drilling and pumping tests that have been conducted in the Loxton area, that the aquitards
will result in at least some level of confinement of the Upper Mannum Formation thus
reducing the modelled salt load benefit (of 20 tonnes/day) significantly.

8.2.3 SENSITIVITY TEST-3: VARIATION OF RIVER POOL LEVEL
This sensitivity test was conducted to determine the effect of an elevated river pool level on
the salt load entering the River Murray in the Loxton area.
8.2.3.1 Sensitivity test-3: Conditions
Scenario-2 (historical 1945–2004) was selected for sensitivity testing. Sensitivity testing was
conducted by varying the river pool level between Lock-3 and Lock-4 from the general
working value of 9.8 m AHD (that used for all modelling) to 10 m AHD.
8.2.3.2 Sensitivity test-3: Results
Sensitivity test results (App. A-11 [Loxton]) indicate that elevation of the river pool level
results in a reduction in the salt load entering the River Murray, from all sources, of
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2–4 tonnes/day. It must be noted that this test indicates the order of magnitude of the
reduction in the salt load, ie 1–10 tonnes/day, not 10–100 tonnes/day.

8.2.4 SENSITIVITY TEST-4: VARIATION OF LOXTON SANDS AQUIFER
HYDRAULIC PARAMETERS BY INCREASING / DECREASING BY +/- 15%
This sensitivity test was conducted to test the impact of variations in the aquifer hydraulic
parameters of the Loxton Sands on the magnitude of salt load from the Loxton Sands to the
Monoman Formation, and the River Murray where the Monoman Formation does not exist.
8.2.4.1 Sensitivity test-4: Conditions
Scenario-6 (‘post-1988’ irrigation development) was selected for sensitivity testing, as it is a
worst-case scenario of full future irrigation development in Loxton area. Sensitivity testing
was conducted by varying the Loxton Sands component of Layer-1 aquifer hydraulic
parameters by ~+/-15% of the predominant calibrated value (hydraulic conductivity (of the
major zones) = 3.5 and 10 m/day, specific yield = 0.15) in accordance with Murray Darling
basin Commission (2000), and running the model 100 years into the future.
8.2.4.2 Sensitivity test-4: Results
Sensitivity test results (Table 17) indicate that:
1. Changes of +/-15% to the calibrated Loxton Sands hydraulic conductivity of 10 m/day
(+15% = 11.5 m/day and -15% = 8.5 m/day) and 3.5 m/day (+15% = 4 m/day and –15%
= 3 m/day) result in a maximum of 6 tonnes/day change in the salt load entering the
Monoman Formation and River Murray 100 years into the future, which is insignificant in
comparison to the total salt load of 77 tonnes/day (an 8% change).
2.

Changes of ~=+/- 15% to the calibrated Loxton Sands specific yield of 0.15 (+15% ~=
0.2 and –15% ~= 0.1) result in a maximum 1 tonne/day change in the salt load entering
the Monoman Formation and River Murray 100 years into the future, which is
insignificant.

The results given in Table 17 indicates that the salt load from the Loxton Sands to the
Monoman Formation and River Murray is only slightly affected by changes in aquifer
hydraulic paramteres, and this provides confidence in extrapolating the calibrated values at
sites near Loxton to other areas.
Table 17. Results of sensitivity testing of variation in Loxton Sands (Layer-1) aquifer
hydraulic parameters - predicted salt load entering River Murray 100 years
into the future
Kh (m/day)

SY

Parameters value

Kh1 = 8.5
Kh2 = 3

Kh1 = 10
Kh2 = 3.5

Kh1 = 11.5
Kh2 = 4

0.1

0.15

0.2

Predicted salt load
(tonnes/day)

70.95

76.79

80.33

77.37

76.79

75.97

Difference (tonnes/day)

5.84

–

3.54

0.57

–

0.83
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9. MODEL LIMITATIONS
Hugh Middlemis (lead author Murray Darling Basin Commission 2000 Groundwater
Modelling Guideline) stated in 2004 that:- It is important to recognise that there is no such
thing as a perfect model, and all models should be regarded as works in progress of
continuous improvement as hydrogeological understanding and data availability improves.
By definition, model limitations comprise relatively negative statements, and they should not
necessarily be viewed as serious flaws that affect the fitness for purpose of the model, but
rather as a guide to where improvements should be made during work.
The following limitations of the model may lead to a component of error being associated
with the results of the predictive modelling:
1. The model layers are a simplified representation of the natural aquifers and aquitards
thickness and hydraulic parameters, and may not reflect the natural conditions with
sufficient accuracy.
2.

The model is qualitatively calibrated to 2002 potentiometric heads in the Bookpurnong
area. Further quantitative calibration of the model should be undertaken in the
Bookpurnong area if more confidence is required for predictions of the flux of saline
groundwater entering the River Murray.

3.

Daily pool level fluctuation were not simulated in the model, which results in average
values of salt load entering the River Murray.

4.

Flood events were not simulated in the model.

5.

Groundwater salinity in the Bookpurnong area was provided by AWE (pers. comm. N
Watkins AWE) as a single value for the Loxton Sands and a single value for the Pata
Formation. A more accurate groundwater salinity distribution should be applied in the
model for the Bookpurnong area, as has been done for the Loxton area.

6.

The proposed SIS is based on generalised aquifer hydraulic parameters and the
production well spacing is conservative (close). It is likely that the final production well
spacing will be different to that modelled.

7.

Due to the fact that no Katarapko Island disposal basin water level data was available,
an estimated high basin water level was applied in the model, consistent with maximum
observed (historical) potentiometric heads in the surrounding aquifer. This modelling
approach results in a maximum flux of saline groundwater entering the River Murray
from the western side that may be greater than that currently occurring.
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10. CONCLUSION
DWLBC has developed a numerical groundwater flow model that is capable of simulating the
regional aquifer system in the Loxton – Bookpurnong area. This model is an impact
assessment model in the terminology of the MDBC (2002) and is of moderate complexity.
The model accommodates the Loxton – Bookpurnong area within a broad regional context.
The model also accounts for the hydraulic interaction of the sediments with the deeper
confined Upper Mannum Formation aquifer.
The model has been accurately calibrated for the Loxton area using observed (historical)
potentiometric heads. However, due to the limited time, the model was not accurately
calibrated for the Bookpurnong area. Sensitivity analysis, in terms of some major
uncertainties, has been undertaken for transient conditions.
The model was accredited by the MDBC for the Loxton area, but not the Bookpurnong area,
in 2004.

10.1 GENERAL MODELLING RESULTS
The modelling that has been undertaken has resulted in an improved understanding of the
hydrogeology of the regional aquifer system and the flux of saline groundwater and salt load
entering the River Murray in the Loxton – Bookpurnong area and its source aquifers.
In particular modelling indicates that for the Loxton area:
1. Irrigation development in the Loxton area resulted in the salt load entering the River
Murray increasing from the natural base salt load of 7 tonnes/day to 92 tonnes/day
(2002) following irrigation development and enhanced recharge to the Loxton Sands.
2.

If a SIS is not constructed in the Loxton area, the model predicts the salt load entering
the River Murray will increase to 100 tonnes/day by 2104 (Scenario-6).

3.

The lateral flux of saline groundwater entering the River Murray in the Loxton area
dominates the vertical flux, and comprises ~80% of the total flux to the river.

4.

The target aquifers for salt interception in the Loxton – Bookpurnong area are the Loxton
Sands and Monoman Formation.

5.

The lateral flux of saline groundwater that enters the River Murray from the western side
is mobilized by the disposal of irrigation drainage water to the Katarapko Island disposal
basin. When the disposal basin is removed from the model, and replaced with
evapotranspiration simulating what is believed to be the natural floodplain conditions on
Katarapko Island, the salt load from the western side reduces to zero.

10.2 GROUNDWATER MANAGEMENT SCHEMES
At the time of writing, the Loxton SIS is under investigation, and the full details of this scheme
will be reported separately. In general terms, this scheme involves the construction of a
curtain of production wells completed within the Loxton Sands and Monoman Formation on
the eastern side of the River Murray to control the flux of saline groundwater.
Scenario-8 indicates that the concept SIS-2 will reduce the 2104 salt load of 100 tonnes/day
entering the River Murray to 12 tonnes/day, a reduction of 87%. This represents an in-river
benefit at Morgan of 22 EC.
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10.3 MODEL PREDICTIONS OF SALT LOAD ENTERING THE RIVER
MURRAY
The pre-1988 irrigation development area predictions for salt loads entering the River Murray
in the Loxton - Bookpurnong area from 1945–2104 (Fig. 64, App. C) clearly indicates the
benefits to the river that result from intervention.
The post-1988 irrigation development area predictions for the salt loads entering the River
Murray in the Loxton - Bookpurnong area (Fig. 65) from 1988–2104 indicates:
• ~20 additional tonnes/day in the Loxton area.
• ~115 additional tonnes/day in the Bookpurnong area.
The maximum predicted impact of the construction of SIS-2 on salt loads entering the River
Murray in Loxton - Bookpurnong area from 2004–2104 is indicated in Figure 66.
The average annual impact, in terms of salt load entering the River Murray in the Loxton Bookpurnong area in tonnes/year and EC/year for the forthcoming thirty years (as required in
Schedule ‘C’, Murray Darling Basin Agreement 1992 and the Basin Salinity Management
Strategy Operational Protocols 2003) are given in Tables 18 and 19 respectively.

10.4 RECOMMENDATIONS
The following work is recommended to address some of the model limitations:
1. Simplification of the model layers if possible to reduce model complexity and increase
processing speed.
2.

Accurate calibration of the model in the Bookpurnong area.

3.

Refinement of the groundwater salinity in the Bookpurnong area to determine the effect
on the salt load entering the River Murray.

4.

More accurate representation of the operation of the Katarapko Island disposal basin to
determine the effect on the salt load entering the River Murray.

5.

Application of the recently acquired recharge data for the dryland farming areas obtained
by CSIRO and DEH.
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Table 18. Predicted salt load entering the River Murray at Loxton and in-river EC
benefit at Morgan
30 year averages (tonnes/day)-Bookpurnong Area
Year
(start)

Year
(end)

Mallee
(SST)

Pre88-IIP
(S4–S1)

IIP on Pre88
(S3–S4)

Post 88
(S6–S4)

SIS
(S6–S8)

2004

2034

9.2

66.6

20.7

49.1

110.2

2009

2039

9.2

63.8

26.1

64.4

125.6

2014

2044

9.2

59.8

31.6

80.0

136.4

2019

2049

9.2

55.4

37.0

91.0

142.5

2024

2054

9.2

54.1

38.8

98.3

148.1

2029

2059

9.2

53.9

39.1

102.2

151.6

2034

2064

9.2

54.0

39.2

104.6

153.9

2039

2069

9.2

54.1

39.3

106.1

155.3

2044

2074

9.2

54.2

39.3

106.9

156.2

2049

2079

9.2

54.2

39.3

107.4

156.8

2054

2084

9.2

54.3

39.3

107.8

157.2

2059

2089

9.2

54.4

39.3

108.0

157.5

2064

2094

9.2

54.5

39.3

108.2

157.7

2069

2099

9.2

54.6

39.3

108.3

157.9

2074

2104

9.2

54.6

39.2

108.4

158.0

Morgan in-river EC equivalent (Bookpurnong Area)
Year
(start)

Year
(end)

Mallee
(SST)

Pre88-IIP
(S4–S1)

IIP on Pre88
(S3–S4)

Post 88
(S6–S4)

SIS
(S6–S8)

2004

2034

2.0

14.6

4.5

10.8

24.3

2009

2039

2.0

14.0

5.8

14.2

27.6

2014

2044

2.0

13.2

7.0

17.6

30.0

2019

2049

2.0

12.2

8.1

20.0

31.4

2024

2054

2.0

11.9

8.5

21.6

32.6

2029

2059

2.0

11.9

8.6

22.5

33.4

2034

2064

2.0

11.9

8.6

23.0

33.9

2039

2069

2.0

11.9

8.6

23.3

34.2

2044

2074

2.0

11.9

8.6

23.5

34.4

2049

2079

2.0

11.9

8.6

23.6

34.5

2054

2084

2.0

12.0

8.6

23.7

34.6

2059

2089

2.0

12.0

8.6

23.8

34.6

2064

2094

2.0

12.0

8.6

23.8

34.7

2069

2099

2.0

12.0

8.6

23.8

34.7

2074

2104

2.0

12.0

8.6

23.9

34.8
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Table 19. Predicted salt load entering the River Murray at Bookpurnong and in-river
EC benefit at Morgan
30 year averages (tonnes/day)-Loxton Area
Year
(start)

Year
(end)

Mallee
(SST)

Pre88-IIP-RH
(S5–S1)

RH on Pre88
(S4–S5)

IIP on Pre88
(S3–S4)

Post88
(S6–S5)

SIS
(S6–S8)

2004

2034

6.7

77.5

13.2

10.7

3.9

73.6

2009

2039

6.7

76.0

15.3

11.0

5.8

77.9

2014

2044

6.7

74.9

16.7

11.2

8.0

78.9

2019

2049

6.7

74.2

17.9

11.4

10.2

80.1

2024

2054

6.7

73.6

18.8

11.5

12.2

81.3

2029

2059

6.7

73.2

19.5

11.5

14.0

82.5

2034

2064

6.7

72.9

20.0

11.5

15.4

83.5

2039

2069

6.7

72.7

20.4

11.5

16.6

84.3

2044

2074

6.7

72.6

20.8

11.5

17.5

85.0

2049

2079

6.7

72.5

21.1

11.5

18.2

85.5

2054

2084

6.7

72.5

21.3

11.4

18.7

85.9

2059

2089

6.7

72.5

21.4

11.4

19.1

86.2

2064

2094

6.7

72.5

21.6

11.4

19.4

86.5

2069

2099

6.7

72.6

21.7

11.3

19.6

86.7

2074

2104

6.7

72.6

21.8

11.3

19.8

86.8

Morgan in-river EC equivalent (Loxton Area)
Year
(start)

Year
(end)

Mallee
(SST)

Pre88-IIP-RH
(S5–S1)

RH on Pre88
(S4–S5)

IIP on Pre88
(S3–S4)

Post88
(S6–S5)

SIS
(S6–S8)

2004

2034

1.5

17.1

2.9

2.4

0.9

16.2

2009

2039

1.5

16.7

3.4

2.4

1.3

17.1

2014

2044

1.5

16.5

3.7

2.5

1.8

17.4

2019

2049

1.5

16.3

3.9

2.5

2.2

17.6

2024

2054

1.5

16.2

4.1

2.5

2.7

17.9

2029

2059

1.5

16.1

4.3

2.5

3.1

18.1

2034

2064

1.5

16.0

4.4

2.5

3.4

18.4

2039

2069

1.5

16.0

4.5

2.5

3.7

18.5

2044

2074

1.5

16.0

4.6

2.5

3.8

18.7

2049

2079

1.5

16.0

4.6

2.5

4.0

18.8

2054

2084

1.5

15.9

4.7

2.5

4.1

18.9

2059

2089

1.5

15.9

4.7

2.5

4.2

19.0

2064

2094

1.5

16.0

4.7

2.5

4.3

19.0

2069

2099

1.5

16.0

4.8

2.5

4.3

19.1

2074

2104

1.5

16.0

4.8

2.5

4.4

19.1
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Figure 10: Regional model domain and project area
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Figure 11: Model grids
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Figure 12: Model layers
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Figure 13: Ground surface elevation contours (m AHD)
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Figure 14: Top of model Layer-2 elevation contours (m AHD)
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Figure 15: Top of model Layer-3 elevation contours (m AHD)
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Figure 16: Top of model Layer-4 elevation contours (m AHD)
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Figure 17: Top of model Layer-5 elevation contours (m AHD)
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Figure 18: Top of model Layer-6 elevation contours (m AHD)
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Figure 19: Top of model Layer-7 elevation contours (m AHD)
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Figure 20: Top of model Layer-8 elevation contours (m AHD)
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Figure 21: Base of model Layer-8 elevation contours (m AHD)
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Figure 22: Model hydraulic conductivity zones and values (Layer-1)
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Figure 23: Model hydraulic conductivity zones and values (Layer-2)
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Figure 24: Model hydraulic conductivity zones and values (Layer-3)
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Figure 25: Model hydraulic conductivity zones and values (Layer-4)
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Figure 26: Model hydraulic conductivity zones and values (Layer-5)
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Figure 27: Model hydraulic conductivity zones and values (Layer-6)
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Figure 28: Model hydraulic conductivity zones and values (Layer-7)
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Figure 29: Model hydraulic conductivity zones and values (Layer-8)
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Sy=0.05 and Ss=5x10-6/m uniformly in all other layers

Figure 30: Model specific yield zones and values (Layer-1)
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24 m AHD

Figure 31: Model boundary conditions (Layer-1)
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Figure 32: Model boundary conditions (Layer-2)
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Figure 33: Model boundary conditions (Layer-3)
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Figure 34: Model boundary conditions (Layer-4 and Layer-6)
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16 to 18 m AHD

Figure 35: Model boundary conditions (Layer-5, Layer-7 and Layer-8)

24 to 28 m AHD

COPYRIGHT
© Department of Water, Land and Biodiversity Conservation 2004.
This work is Copyright. Apart from any use permitted under the
Copyright Act 1968 (Cwlth), no part may be reproduced by any process
without prior written permission obtained from the Department of
Water, Land and Biodiversity Conservation. Requests and enquiries
concerning reproduction and rights should be directed to the
Chief Executive, Department of Water, Land and Biodiversity Conservation,
GPO Box 2834, Adelaide SA 5001.

Anabranches, backwaters
and water bodies
Recharge zones

Project area


0

5

10 km

Produced By: Water Information Group
Knowledge and Information Division
Department of Water, Land and Biodiversity Conservation
Coordinates: Northing, Easting
Datum: GDA_1994_UTM_Zone_54
Date: June 2004

Inactive cells

DISCLAIMER
The Department of Water, Land and Biodiversity Conservation, its
employees and servants do not warrant or make any representation
regarding the use, or results of use of the information contained herein as
to its correctness, accuracy, currency or otherwise. The Department of
Water, Land and Biodiversity Conservation, its employees and servants
expressly disclaim all liability or responsibility to any person using the
information or advice contained herein.
COPYRIGHT
© Department of Water, Land and Biodiversity Conservation 2004.
This work is Copyright. Apart from any use permitted under the
Copyright Act 1968 (Cwlth), no part may be reproduced by any process
without prior written permission obtained from the Department of
Water, Land and Biodiversity Conservation. Requests and enquiries
concerning reproduction and rights should be directed to the
Chief Executive, Department of Water, Land and Biodiversity Conservation,
GPO Box 2834, Adelaide SA 5001.

ET: 250 mm/year
Extinction depth: 1.5 m
Figure 36a: Regional model recharge zones (Figure36b shows recharge zones in project area)
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Figure 36b: Model recharge zones in project area (recharge rates in each zone against time are listed in the appendix A1 and B1)
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Figure 37: Pre-Irrigation development potentiometric surface (Barnett 2003)
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Figure 38: Modelled post-regulation of the River Murray and pre-irrigation development potentiometric surface Layer-1
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Figure 39: Modelled 2004 potentiometric surface in project area ( Layer-1 Loxton Sands)
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Figure 40: Modelled 2004 potentiometric surface in project area ( Layer-3 Pata Formation)
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Figure 41: Modelled 2004 potentiometric surface in project area ( Layer-5 Glenforslan Formation)
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Figure 42: Modelled 2004 potentiometric surface (Layer-7 Upper Mannum Formation)
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Figure 43: Loxton area location of long term monitored observation wells on project area (only in Loxton Sands)
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Figure 44: Calibration results – Modelled and observed potentiometric heads (Observation wells GDN4, GDN43 and GDN45)
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Figure 45: Calibration results – Modelled and observed potentiometric head (Observation wells GDN2 and GDN3)
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Figure 46: Calibration results – Modelled and observed potentiometric heads (Observation wells GDN1, GDN61)
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Figure 47: Calibration results – Modelled and observed potentiometric heads (Observation wells GDN41, GDN5 and GDN10)
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Figure 48: Calibration results – Modelled and observed potentiometric heads (Observation wells GDN7, GDN8 and GDN9)
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Figure 49: Calibration results – Modelled and observed potentiometric heads (Observation wells GDN56 and GDN57)

Modelled and observed
potentiometric heads (m AHD)
-Observation wells BKP1,
BKP2 and BKP5

Produced By: Water Information Group
Knowledge and Information Division
Department of Water, Land and Biodiversity Conservation
Coordinates: Northing, Easting
Datum: GDA_1994_UTM_Zone_54
Date: June 2004

DISCLAIMER
The Department of Water, Land and Biodiversity Conservation, its
employees and servants do not warrant or make any representation
regarding the use, or results of use of the information contained herein as
to its correctness, accuracy, currency or otherwise. The Department of
Water, Land and Biodiversity Conservation, its employees and servants
expressly disclaim all liability or responsibility to any person using the
information or advice contained herein.
COPYRIGHT
© Department of Water, Land and Biodiversity Conservation 2004.
This work is Copyright. Apart from any use permitted under the
Copyright Act 1968 (Cwlth), no part may be reproduced by any process
without prior written permission obtained from the Department of
Water, Land and Biodiversity Conservation. Requests and enquiries
concerning reproduction and rights should be directed to the
Chief Executive, Department of Water, Land and Biodiversity Conservation,
GPO Box 2834, Adelaide SA 5001.

Figure 50: Calibration results – Modelled and observed potentiometric heads (Observation wells BKP1, BKP2 and BKP5)
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Figure 51: Calibration results – Modelled and observed potentiometric heads (Observation well BKP3)
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Figure 52: Calibration results – Modelled and observed potentiometric heads (Observation wells GDN37 and GDN38)
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Figure 53: Calibration results (1976)
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Figure 54: Calibration results (1990)
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Figure 55: Validation results (2004)
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Figure 56: Model flow budget zones (Loxton Area)
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Project Boundary
Figure 57: Model flow budget zones (Bookpurnong Area)

T o tal rech arg e vo lu m e (M L /year)

12000
CDS reduced the water into
the Loxton Sands aquifer

10000
Sprinkles applied
in the area

8000
6000
4000
Rehabilitation

2000

10 ye a r
tim e la g

- Calculated accession (Smith 1997)
- Modelled total recharge

0
1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Irrigation start
Drainage wells start to target
the Loxton Sands aquifer

Figure 58: Modelled recharge volume to the Loxton Sands vs accession
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Figure 59: Model flow budget zones and modelled salt load at 2002 (tonnes/day) in Loxton Area
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Project Boundary
Figure 60a: Concept SIS -1 wellfield Loxton and Bookpurnong Areas (Scenario-7)
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Project Boundary
Figure 60b: Concept SIS -2 wellfield Loxton and Bookpurnong Areas (Scenario-8)

Figure 61: Annual pumped discharge from Loxton CDS
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Figure 62: Predicted salt loads entering the River Murray all scenarios (Loxton Area)
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Figure 63: Predicted salt loads entering the River Murray all scenarios (Bookpurnong Area)
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Figure 64: Predicted salt loads entering the River Murray resulting from pre 1988 irrigation
development
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Figure 65: Predicted salt loads entering the River Murray resulting from post 1988 irrigation
development
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Figure 66: Predicted SIS benefits
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13. APPENDIXES
13.1 APPENDIX A
A-1 Model Inputs and Outputs (Loxton Area)
• Model recharge zones.
•

Zone number and recharge rates (mm/year).

•

Total recharge volumes (ML/year).
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ET: 250 mm/year
Extinction depth: 1.5 m
Appendix A-1-1 Model recharge zones

Appendix A-1-2a Model recharge zones and recharge rates (mm/year) Scenario-2 (Loxton Area)

Total recharge vs year-Scenario-2 (Loxton Area)

Appendix A-1-2b Total recharge volume to the Loxton Sands from all sources in Scenario-2 (Loxton Area)

Appendix A-1-3a Recharge zones and rates (mm/year) in Scenario-3 (Loxton Area)

Appendix A-1-3b Recharge zones and rates (mm/year) in Scenario-3 (Loxton Area)

Total recharge vs year-Scenario-3 (Loxton Area)

Appendix A-1-3c Total recharge volume to the Loxton Sands from all sources in Scenario-3 (Loxton Area)

Appendix A-1-4a Recharge zones and rates (mm/year) in Scenario-4 (Loxton Area)

Appendix A-1-4b Recharge zones and rates (mm/year) in Scenario-4 (Loxton Area)

Total recharge vs year-Scenario-4 (Loxton Area)

Appendix A-1-4c Total recharge volume to the Loxton Sands from all sources in Scenario-4 (Loxton Area)

Appendix A-1-5a Recharge zones and rates (mm/year) in Scenario-5 (Loxton Area)

Appendix A-1-5b Recharge zones and rates (mm/year) in Scenario-5 (Loxton Area)

Total recharge vs year-Scenario-5 (Loxton Area)

Appendix A-1-5c Total recharge volume to the Loxton Sands from all sources in Scenario-5 (Loxton Area)

Appendix A-1-6a Recharge zones and rates (mm/year) in Scenario-6 (Loxton Area)

Appendix A-1-6b Recharge zones and rates (mm/year) in Scenario-6 (Loxton Area)

Total recharge vs year-Scenario-6 (Loxton Area)

Appendix A-1-6c Total recharge volume to the Loxton Sands from all sources in Scenario-6 (Loxton Area)

Appendix A-1-7a Recharge zones and rates (mm/year) in Scenario-7 (Loxton Area)

Appendix A-1-7b Recharge zones and rates (mm/year) in Scenario-7 (Loxton Area)

Total recharge vs year-Scenario-7 (Loxton Area)

Appendix A-1-7c Total recharge volume to the Loxton Sands from all sources in Scenario-7 (Loxton Area)

A-2 Groundwater flux and salt load entering the River Murray Scenario-2 (Loxton Area)
• Flow budget zones (Loxton Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
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Appendix A-2-1a Flow budget zones in model Layer-1 (Loxton Area)
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Appendix A-2-1b Flow budget zones in model Layer-2 (Loxton Area)
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Z30
Appendix A-2-1c Flow budget zones in model Layer-3 (Loxton Area)

Appendix A-2-2 Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-2 (Loxton Area)

Appendix A-2-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-2 (Loxton Area)

Total lateral salt load vs year Scenario-2 (Loxton Area)
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Appendix A-2-3b Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-2 (Loxton Area)

Appendix A-2-4 Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-2 (Loxton Area)

Appendix A-2-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-2 (Loxton Area)

Total upward salt load vs year Scenario-2 (Loxton Area)
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Appendix A-2-5b Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-2 (Loxton Area)

Appendix A-2-6a Predicted total groundwater flux (ML/day) in Scenario-2 (Loxton Area)

Total groundwater flux vs year Scenario-2 (Loxton Area)
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Appendix A-2-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-2 (Loxton Area)

Appendix A-2-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-2 (Loxton Area)

Total salt load vs year Scenario-2 (Loxton Area)
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Appendix A-2-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-2 (Loxton Area)

2005

A-3 Groundwater flux and salt load entering the River Murray Scenario-3 (Loxton Area)
• Flow budget zones (Loxton Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
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Appendix A-3-1a Flow budget zones in model Layer-1 (Loxton Area)
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Appendix A-3-1b Flow budget zones in model Layer-2 (Loxton Area)
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Appendix A-3-1c Flow budget zones in model Layer-3 (Loxton Area)

Appendix A-3-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-3 (Loxton Area)

Appendix A-3-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-3 (Loxton Area)

Appendix A-3-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-3 (Loxton Area)

Appendix A-3-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-3 (Loxton Area)

Total lateral salt load vs year Scenario-3 (Loxton Area)
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Appendix A-3-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-3 (Loxton Area)

Appendix A-3-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-3 (Loxton Area)

Appendix A-3-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-3 (Loxton Area)

Appendix A-3-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-3 (Loxton Area)

Appendix A-3-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-3 (Loxton Area)

Total upward salt load vs year Scenario-3 (Loxton Area)
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Appendix A-3-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-3 (Loxton Area)

Appendix A-3-6a Predicted total groundwater flux (ML/day) in Scenario-3 (Loxton Area)

Total groundwater flux vs year Scenario-3 (Loxton Area)
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Appendix A-3-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-3 (Loxton Area)

Appendix A-3-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-3 (Loxton Area)

Total salt load vs year Scenario-3 (Loxton Area)
120

Total saltload (tonnes/day)

100

80

60

40

20

0
1945

1965

1985

2005

2025

2045

2065

2085

Year

Appendix A-3-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-3 (Loxton Area)
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A-4 Groundwater flux and salt load entering the River Murray Scenario-4 (Loxton Area)
• Flow budget zones (Loxton Area).
•

Predicted lateral groundwater flux (m3/day).

•

Predicted lateral salt load (tonnes/day).

•

Predicted upward groundwater flux (m3/day).

•

Predicted upward salt load (tonnes/day).

•

Predicted total groundwater flux (ML/day).

•

Predicted total salt load (tonnes/day).

Loxton Numerical Groundwater Model 2004

175

DWLBC 2005/16

Z21
Z22

Z1
Z23

Z32

Z24

Z10

Z25

Z26

Z27

Z28
Z31

Appendix A-4-1a Flow budget zones in model Layer-1 (Loxton Area)
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Appendix A-4-1b Flow budget zones in model Layer-2 (Loxton Area)
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Appendix A-4-1c Flow budget zones in model Layer-3 (Loxton Area)

Appendix A-4-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-4 (Loxton Area)

Appendix A-4-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-4 (Loxton Area)

Appendix A-4-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-4 (Loxton Area)

Appendix A-4-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-4 (Loxton Area)

Total lateral salt load vs year Scenario-4 (Loxton Area)
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Appendix A-4-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-4 (Loxton Area)

Appendix A-4-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-4 (Loxton Area)

Appendix A-4-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-4 (Loxton Area)

Appendix A-4-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-4 (Loxton Area)

Appendix A-4-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-4 (Loxton Area)

Total upward salt load vs year Scenario-4 (Loxton Area)
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Appendix A-4-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-4 (Loxton Area)

Appendix A-4-6a Predicted total groundwater flux (ML/day) in Scenario-4 (Loxton Area)

Total groundwater flux vs year Scenario-4 (Loxton Area)
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Appendix A-4-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-4 (Loxton Area)

Appendix A-4-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-4 (Loxton Area)

Total salt load vs year Scenario-4 (Loxton Area)
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Appendix A-4-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-4 (Loxton Area)

A-5 Groundwater flux and salt load entering the River Murray Scenario-5 (Loxton Area)
• Flow budget zones (Loxton Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
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Appendix A-5-1a Flow budget zones in model Layer-1 (Loxton Area)
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Appendix A-5-1b Flow budget zones in model Layer-2 (Loxton Area)
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Appendix A-5-1c Flow budget zones in model Layer-3 (Loxton Area)

Appendix A-5-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-5 (Loxton Area)

Appendix A-5-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-5 (Loxton Area)

Appendix A-5-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-5 (Loxton Area)

Appendix A-5-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-5 (Loxton Area)

Total lateral salt load vs year Scenario-5 (Loxton Area)
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Appendix A-5-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-5 (Loxton Area)

Appendix A-5-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-5 (Loxton Area)

Appendix A-5-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-5 (Loxton Area)

Appendix A-5-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-5 (Loxton Area)

Appendix A-5-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-5 (Loxton Area)

Total upward salt load vs year Scenario-5 (Loxton Area)
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Appendix A-5-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-5 (Loxton Area)

Appendix A-5-6a Predicted total groundwater flux (ML/day) in Scenario-5 (Loxton Area)

Total groundwater flux vs year Scenario-5 (Loxton Area)
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Appendix A-5-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-5 (Loxton Area)

Appendix A-5-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-5 (Loxton Area)

Total salt load vs year Scenario-5 (Loxton Area)
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Appendix A-5-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-5 (Loxton Area)
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A-6 Groundwater flux and salt load entering the River Murray Scenario-6 (Loxton Area)
• Flow budget zones (Loxton Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
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Appendix A-6-1a Flow budget zones in model Layer-1 (Loxton Area)
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Appendix A-6-1b Flow budget zones in model Layer-2 (Loxton Area)
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Appendix A-6-1c Flow budget zones in model Layer-3 (Loxton Area)

Appendix A-6-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-6 (Loxton Area)

Appendix A-6-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-6 (Loxton Area)

Appendix A-6-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-6 (Loxton Area)

Appendix A-6-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-6 (Loxton Area)

Total lateral salt load vs year Scenario-6 (Loxton Area)
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Appendix A-6-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-6 (Loxton Area)

Appendix A-6-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-6 (Loxton Area)

Appendix A-6-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-6 (Loxton Area)

Appendix A-6-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-6 (Loxton Area)

Appendix A-6-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-6 (Loxton Area)

Total upward salt load vs year Scenario-6 (Loxton Area)
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Appendix A-6-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-6 (Loxton Area)

Appendix A-6-6a Predicted total groundwater flux (ML/day) in Scenario-6 (Loxton Area)

Total groundwater flux vs year Scenario-6 (Loxton Area)
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Appendix A-6-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-6 (Loxton Area)

Appendix A-6-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-6 (Loxton Area)
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Appendix A-6-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-6 (Loxton Area)
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A-7 Groundwater flux and salt load entering the River Murray Scenario-7 (Loxton Area)
• Flow budget zones (Loxton Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).

Loxton Numerical Groundwater Model 2004

229

DWLBC 2005/16

Z21
Z22

Z1
Z23

Z32

Z24

Z10

Z25

Z26

Z27

Z28
Z31

Appendix A-7-1a Flow budget zones in model Layer-1 (Loxton Area)
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Appendix A-7-1b Flow budget zones in model Layer-2 (Loxton Area)
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Appendix A-7-1c Flow budget zones in model Layer-3 (Loxton Area)

Appendix A-7-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-7 (Loxton Area)

Appendix A-7-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-7 (Loxton Area)

Appendix A-7-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-7 (Loxton Area)

Appendix A-7-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-7 (Loxton Area)

Total lateral salt load vs year Scenario-7 (Loxton Area)
100

Total saltload (tonnes/day)

80

60

40

20

0
1945

1965

1985

2005

2025

2045

2065

2085

2105

Year

Appendix A-7-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-7 (Loxton Area)

Appendix A-7-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-7 (Loxton Area)

Appendix A-7-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-7 (Loxton Area)

Appendix A-7-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-7 (Loxton Area)

Appendix A-7-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-7 (Loxton Area)

Total upward salt load vs year Scenario-7 (Loxton Area)
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Appendix A-7-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-7 (Loxton Area)

Appendix A-7-6a Predicted total groundwater flux (ML/day) in Scenario-7 (Loxton Area)

Total groundwater flux vs year Scenario-7 (Loxton Area)
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Appendix A-7-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-7 (Loxton Area)

Appendix A-7-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-7 (Loxton Area)

Total salt load vs year Scenario-7 (Loxton Area)
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Appendix A-7-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-7 (Loxton Area)
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A-8 Groundwater flux and salt load entering the River Murray Scenario-8 (Loxton Area)
• Flow budget zones (Loxton Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
• Borehole locations and pumping rates .
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Appendix A-8-1a Flow budget zones in model Layer-1 (Loxton Area)
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Loxton Irrigation Area

Z2
29
Appendix A-8-1b Flow budget zones in model Layer-2 (Loxton Area)
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Appendix A-8-1c Flow budget zones in model Layer-3 (Loxton Area)

Appendix A-8-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-8 (Loxton Area)

Appendix A-8-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-8 (Loxton Area)

Appendix A-8-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-8 (Loxton Area)

Appendix A-8-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-8 (Loxton Area)

Total lateral salt load vs year Scenario-8 (Loxton Area)
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Appendix A-8-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-8 (Loxton Area)

Appendix A-8-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-8 (Loxton Area)

Appendix A-8-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-8 (Loxton Area)

Appendix A-8-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-8 (Loxton Area)

Appendix A-8-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-8 (Loxton Area)

Total upward salt load vs year Scenario-8 (Loxton Area)
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Appendix A-8-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-8 (Loxton Area)

Appendix A-8-6a Predicted total groundwater flux (ML/day) in Scenario-8 (Loxton Area)

Total groundwater flux vs year Scenario-8 (Loxton Area)
6

Total groundw ater flux (ML/day)

5

4

3

2

1

0
1945

1965

1985

2005

2025

2045

2065

2085

2105

Year
Appendix A-8-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-8 (Loxton Area)

Appendix A-8-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-8 (Loxton Area)

Total salt load vs year Scenario-8 (Loxton Area)
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Appendix A-8-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-8 (Loxton Area)
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Group-1 SIS highland production wells

Appendix A-8-8a Potential locations of Group-1 highland SIS production wells Scenario-8 (Loxton Area)
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Appendix A-8-8b Graph of predicted range of pumping rates from Group-1 highland SIS production wells Scenario-8 (Loxton Area)

Appendix A-8-8c Predicted range of pumping rates from Group-1 highland SIS production wells Scenario-8 (Loxton Area)

Group-2 SIS highland
production wells

Group-3 SIS highland production wells

Appendix A-8-9a Potential locations of Group-2 and Group-3 highland SIS production wells Scenario-8 (Loxton Area)
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Appendix A-8-9b Graph of predicted range of pumping rates from Group-2 highland SIS production wells Scenario-8 (Loxton Area)

Appendix A-8-9c Predicted range of pumping rates from Group-2 highland SIS production wells Scenario-8 (Loxton Area)
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Appendix A-8-10a Graph of predicted range of pumping rates from Group-3 highland SIS production wells Scenario-8 (Loxton Area)

Appendix A-8-10b Predicted range of pumping rates from Group-3 highland SIS production wells Scenario-8 (Loxton Area)

Appendix A-8-11a Potential locations of floodplain SIS production wells Scenario-8 (Loxton Area)
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Appendix A-8-11b Graph of predicted range of pumping rates from floodplain SIS production wells Scenario-8 (Loxton Area)

Appendix A-8-11c Predicted range of pumping rates from floodplain SIS production wells Scenario-8 (Loxton Area)

A-9 Sensitivity Test-1 Results (Loxton Area)
In this test all aquitards occurring between the Loxton Sands and Monoman Formation and
the Upper Mannum Formation were removed from the entire model to test the hypothesis
that the dominant contribution of salt to the River Murray occurs from the Upper Mannum
Formation.
• Modelled potentiometric head contours (Loxton Area).
• Predicted lateral salt load (tonnes/day).
• Predicted upward salt load (tonnes/day).
• Predicted total salt load (tonnes/day).
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Appendix A-9-1 Modelled potentiometric surface in Layer-1 (Loxton Sands and Monoman Formation)

Appendix A-9-2 Modelled potentiometric surface in Layer-3 (Pata Formation)

Appendix A-9-3 Modelled potentiometric surface in Layer-5 (Glenforslan Formation)

Appendix A-9-4 Modelled potentiometric surface in Layer-7 (Upper Mannum)
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Appendix A-9-5 Graph of comparison predicted total lateral salt load entering the River Murray in Loxton Area
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Appendix A-9-6 Graph of comparison predicted total upward salt load entering the River Murray in Loxton Area
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Appendix A-9-5 Graph of comparison predicted total salt load entering the River Murray in Loxton Area
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A-10 Sensitivity Test-2 Results (Loxton Area)
• Location of Upper Mannum SIS wells.
• Predicted total salt load (tonnes/day).

Loxton Numerical Groundwater Model 2004
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Pumping rate 7L/s from each well

Appendix A-10-1 Locations of Upper Munnum SIS wells proposed by AWE 2003
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Appendix A-10-2 Graph of comparison predicted total salt load entering the River Murray in Loxton Area
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A-11 Sensitivity Test-3 Results (Loxton Area)
• Predicted total salt load (tonnes/day).
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* RL-The river pool level

Appendix A-11 Graph of comparison predicted total salt load entering the River Murray in Loxton Area

Appendixes

13.2 APPENDIX B
B-1 Model Recharge (Bookpurnong Area)
• Model recharge zones.
•

Zone number and recharge rates (mm/year).

•

Total recharge volumes (ML/year).
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ET: 250 mm/year
Extinction depth: 1.5 m
Appendix B-1-1 Model recharge zones

Appendix B-1-2a Model recharge zones and recharge rates (mm/year) Scenario-2 (Bookpurnong Area)

Total recharge vs year-Scenario-2 (Bookpurnong Area)

Appendix B-1-2b Total recharge volume to the Loxton Sands from all sources in Scenario-2 (Bookpurnong Area)

Appendix B-1-3a Recharge zones and rates (mm/year) in Scenario-3 (Bookpurnong Area)

Appendix B-1-3b Recharge zones and rates (mm/year) in Scenario-3 (Bookpurnong Area)

Total recharge vs year-Scenario-3 (Bookpurnong Area)

Appendix B-1-3c Total recharge volume to the Loxton Sands from all sources in Scenario-3 (Bookpurnong Area)

Appendix B-1-4a Recharge zones and rates (mm/year) in Scenario-4 (Bookpurnong Area)

Appendix B-1-4b Recharge zones and rates (mm/year) in Scenario-4 (Bookpurnong Area)

Total recharge vs year-Scenario-4 (Bookpurnong Area)

Appendix B-1-4c Total recharge volume to the Loxton Sands from all sources in Scenario-4 (Bookpurnong Area)

Appendix B-1-5a Recharge zones and rates (mm/year) in Scenario-5 (Bookpurnong Area)

Appendix B-1-5b Recharge zones and rates (mm/year) in Scenario-5 (Bookpurnong Area)

Total recharge vs year-Scenario-5 (Bookpurnong Area)

Appendix B-1-5c Total recharge volume to the Loxton Sands from all sources in Scenario-5 (Bookpurnong Area)

Appendix B-1-6a Recharge zones and rates (mm/year) in Scenario-6 (Bookpurnong Area)

Appendix B-1-6b Recharge zones and rates (mm/year) in Scenario-6 (Bookpurnong Area)

Total recharge vs year-Scenario-6 (Bookpurnong Area)

Appendix B-1-6c Total recharge volume to the Loxton Sands from all sources in Scenario-6 (Bookpurnong Area)

Appendix B-1-7a Recharge zones and rates (mm/year) in Scenario-7 (Bookpurnong Area)

Appendix B-1-7b Recharge zones and rates (mm/year) in Scenario-7 (Bookpurnong Area)

Total recharge vs year-Scenario-7 (Bookpurnong Area)

Appendix B-1-7c Total recharge volume to the Loxton Sands from all sources in Scenario-7 (Bookpurnong Area)

Appendixes

B-2 Groundwater flux and salt load entering the River Murray Scenario-2
(Bookpurnong Area)
• Flow budget zones (Bookpurnong Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
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Appendix B-2-1 Flow budget zones in model Layer-1 (Bookpurnong Area)

Appendix B-2-2 Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-2 (Bookpurnong Area)

Appendix B-2-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-2 (Bookpurnong Area)

Total lateral salt load vs year Scenario-2 (Bookpurnong Area)
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Appendix B-2-3b Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-2 (Bookpurnong Area)

Appendix B-2-4 Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-2 (Bookpurnong Area)

Appendix B-2-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-2 (Bookpurnong Area)

Total upward salt load vs year Scenario-2 (Bookpurnong Area)
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Appendix B-2-5b Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-2 (Bookpurnong Area)

Appendix B-2-6a Predicted total groundwater flux (ML/day) in Scenario-2 (Bookpurnong Area)

Total groundwater flux vs year Scenario-2 (Bookpurnong Area)
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Appendix B-2-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-2 (Bookpurnong Area)

Appendix B-2-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-2 (Bookpurnong Area)

Total salt load vs year Scenario-2 (Bookpurnong Area)
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Appendix B-2-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-2 (Bookpurnong Area)
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B-3 Groundwater flux and salt load entering the River Murray Scenario-3
(Bookpurnong Area)
• Flow budget zones (Bookpurnong Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
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Appendix B-3-1 Flow budget zones in model Layer-1 (Bookpurnong Area)

Appendix B-3-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-3 (Bookpurnong Area)

Appendix B-3-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-3 (Bookpurnong Area)

Appendix B-3-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-3 (Bookpurnong Area)

Appendix B-3-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-3 (Bookpurnong Area)

Total lateral salt load vs year Scenario-3 (Bookpurnong Area)
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Appendix B-3-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-3 (Bookpurnong Area)

Appendix B-3-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-3 (Bookpurnong Area)

Appendix B-3-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-3 (Bookpurnong Area)

Appendix B-3-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-3 (Bookpurnong Area)

Appendix B-3-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-3 (Bookpurnong Area)

Total upward salt load vs year Scenario-3 (Bookpurnong Area)
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Appendix B-3-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-3 (Bookpurnong Area)

Appendix B-3-6a Predicted total groundwater flux (ML/day) in Scenario-3 (Bookpurnong Area)

Total groundwater flux vs year Scenario-3 (Bookpurnong Area)
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Appendix B-3-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-3 (Bookpurnong Area)

Appendix B-3-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-3 (Bookpurnong Area)

Total salt load vs year Scenario-3 (Bookpurnong Area)
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Appendix B-3-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-3 (Bookpurnong Area)

Appendixes

B-4 Groundwater flux and salt load entering the River Murray Scenario-4
(Bookpurnong Area)
• Flow budget zones (Bookpurnong Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
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Appendix B-4-1 Flow budget zones in model Layer-1 (Bookpurnong Area)

Appendix B-4-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-4 (Bookpurnong Area)

Appendix B-4-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-4 (Bookpurnong Area)

Appendix B-4-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-4 (Bookpurnong Area)

Appendix B-4-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-4 (Bookpurnong Area)

Total lateral salt load vs year Scenario-4 (Bookpurnong Area)
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Appendix B-4-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-4 (Bookpurnong Area)

Appendix B-4-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-4 (Bookpurnong Area)

Appendix B-4-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-4 (Bookpurnong Area)

Appendix B-4-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-4 (Bookpurnong Area)

Appendix B-4-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-4 (Bookpurnong Area)
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Appendix B-4-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-4 (Bookpurnong Area)

Appendix B-4-6a Predicted total groundwater flux (ML/day) in Scenario-4 (Bookpurnong Area)
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Appendix B-4-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-4 (Bookpurnong Area)

Appendix B-4-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-4 (Bookpurnong Area)
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Appendix B-4-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-4 (Bookpurnong Area)

Appendixes

B-5 Groundwater flux and salt load entering the River Murray Scenario-5
(Bookpurnong Area)
• Flow budget zones (Bookpurnong Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
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Appendix B-5-1 Flow budget zones in model Layer-1 (Bookpurnong Area)

Appendix B-5-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-5 (Bookpurnong Area)

Appendix B-5-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-5 (Bookpurnong Area)

Appendix B-5-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-5 (Bookpurnong Area)

Appendix B-5-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-5 (Bookpurnong Area)
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Appendix B-5-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-5 (Bookpurnong Area)

Appendix B-5-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-5 (Bookpurnong Area)

Appendix B-5-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-5 (Bookpurnong Area)

Appendix B-5-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-5 (Bookpurnong Area)

Appendix B-5-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-5 (Bookpurnong Area)

Total upward salt load vs year Scenario-5 (Bookpurnong Area)
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Appendix B-5-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-5 (Bookpurnong Area)

Appendix B-5-6a Predicted total groundwater flux (ML/day) in Scenario-5 (Bookpurnong Area)

Total groundwater flux vs year Scenario-5 (Bookpurnong Area)
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Appendix B-5-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-5 (Bookpurnong Area)

Appendix B-5-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-5 (Bookpurnong Area)
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Appendix B-5-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-5 (Bookpurnong Area)

Appendixes

B-6 Groundwater flux and salt load entering the River Murray Scenario-6
(Bookpurnong Area)
• Flow budget zones (Bookpurnong Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
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368

DWLBC 2005/16

Project Boundary

Z40

Z1

Z42
Z41
Z43

Z50

Bookpurnong Irrigation Area
Z48
Z44
Z61
Z45

Z47
Z46
Z20
Z1
Project Boundary

Appendix B-6-1 Flow budget zones in model Layer-1 (Bookpurnong Area)

Appendix B-6-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-6 (Bookpurnong Area)

Appendix B-6-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-6 (Bookpurnong Area)

Appendix B-6-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-6 (Bookpurnong Area)

Appendix B-6-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-6 (Bookpurnong Area)
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Appendix B-6-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-6 (Bookpurnong Area)

Appendix B-6-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-6 (Bookpurnong Area)

Appendix B-6-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-6 (Bookpurnong Area)

Appendix B-6-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-6 (Bookpurnong Area)

Appendix B-6-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-6 (Bookpurnong Area)
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Appendix B-6-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-6 (Bookpurnong Area)

Appendix B-6-6a Predicted total groundwater flux (ML/day) in Scenario-6 (Bookpurnong Area)

Total groundwater flux vs year Scenario-6 (Bookpurnong Area)
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Appendix B-6-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-6 (Bookpurnong Area)

Appendix B-6-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-6 (Bookpurnong Area)
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200
180

Total saltload (tonnes/day)

160
140
120
100
80
60
40
20
0
1945

1965

1985

2005

2025

2045

2065

2085

2105

Year
Appendix B-6-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-6 (Bookpurnong Area)

Appendixes

B-7 Groundwater flux and salt load entering the River Murray Scenario-7
(Bookpurnong Area)
• Flow budget zones (Bookpurnong Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
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Appendix B-7-1 Flow budget zones in model Layer-1 (Bookpurnong Area)

Appendix B-7-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-7 (Bookpurnong Area)

Appendix B-7-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-7 (Bookpurnong Area)

Appendix B-7-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-7 (Bookpurnong Area)

Appendix B-7-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-7 (Bookpurnong Area)

Total lateral salt load vs year Scenario-7 (Bookpurnong Area)
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Appendix B-7-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-7 (Bookpurnong Area)

Appendix B-7-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-7 (Bookpurnong Area)

Appendix B-7-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-7 (Bookpurnong Area)

Appendix B-7-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-7 (Bookpurnong Area)

Appendix B-7-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-7 (Bookpurnong Area)
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Appendix B-7-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-7 (Bookpurnong Area)

Appendix B-7-6a Predicted total groundwater flux (ML/day) in Scenario-7 (Bookpurnong Area)
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Appendix B-7-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-7 (Bookpurnong Area)

Appendix B-7-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-7 (Bookpurnong Area)

Total salt load vs year Scenario-7 (Bookpurnong Area)
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Appendix B-7-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-7 (Bookpurnong Area)

Appendixes

B-8 Groundwater flux and salt load entering the River Murray Scenario-8
(Bookpurnong Area)
• Flow budget zones (Bookpurnong Area).
• Predicted lateral groundwater flux (m3/day).
• Predicted lateral salt load (tonnes/day).
• Predicted upward groundwater flux (m3/day).
• Predicted upward salt load (tonnes/day).
• Predicted total groundwater flux (ML/day).
• Predicted total salt load (tonnes/day).
• Borehole locations and pumping rates.
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Appendix B-8-1 Flow budget zones in model Layer-1 (Bookpurnong Area)

Appendix B-8-2a Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-8 (Bookpurnong Area)

Appendix B-8-2b Predicted lateral groundwater flux (m3/day) from flow budget zones in Scenario-8 (Bookpurnong Area)

Appendix B-8-3a Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-8 (Bookpurnong Area)

Appendix B-8-3b Predicted lateral salt load (tonnes/day) from flow budget zones in Scenario-8 (Bookpurnong Area)

Total lateral salt load vs year Scenario-8 (Bookpurnong Area)
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Appendix B-8-3c Graph of predicted total lateral salt load (tonnes/day) entering the River Murray in Scenario-8 (Bookpurnong Area)

Appendix B-8-4a Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-8 (Bookpurnong Area)

Appendix B-8-4b Predicted upward groundwater flux (m3/day) from flow budget zones in Scenario-8 (Bookpurnong Area)

Appendix B-8-5a Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-8 (Bookpurnong Area)

Appendix B-8-5b Predicted upward salt load (tonnes/day) from flow budget zones in Scenario-8 (Bookpurnong Area)
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Appendix B-8-5c Graph of predicted total upward salt load (tonnes/day) entering the River Murray in Scenario-8 (Bookpurnong Area)

Appendix B-8-6a Predicted total groundwater flux (ML/day) in Scenario-8 (Bookpurnong Area)

Total groundwater flux vs year Scenario-8 (Bookpurnong Area)
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Appendix B-8-6b Graph of predicted total groundwater flux (ML/day) entering the River Murray in Scenario-8 (Bookpurnong Area)

Appendix B-8-7a Predicted total salt load (tonnes/day) entering the River Murray in Scenario-8 (Bookpurnong Area)
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Appendix B-8-7b Graph of predicted total salt load (tonnes/day) entering the River Murray in Scenario-8 (Bookpurnong Area)

Appendix B-8-8a Potential locations of highland SIS production wells Scenario-8 (Bookpurnong Area)
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Appendix B-8-8b Graph of predicted range of pumping rates from highland SIS production wells Scenario-8 (Bookpurnong Area)

Appendix A-8-8c Predicted range of pumping rates from highland SIS production wells Scenario-8 (Bookpurnong Area)

Appendix A-8-9a Potential locations of floodplain SIS production wells Scenario-8 (Bookpurnong Area)
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Appendix A-8-9b Graph of predicted range of pumping rates from floodplain SIS production wells Scenario-8 (Bookpurnong Area)

Appendix A-8-9c Predicted range of pumping rates from floodplain SIS production wells Scenario-8 (Loxton Area)

Appendixes

13.3 APPENDIX C
Predicted salt load entering the River Murray and in river EC benefit at Morgan for all
Scenarios Loxton and Bookpurnong Areas
• Predicted total salt load (tonnes/day).
•

Predicted annual salt load (tonnes/day).

•

Predicted 30 years average salt load.

•

Predicted EC benefits.

Loxton Numerical Groundwater Model 2004
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Appendix C-1-1a Predicted total salt load (tonnes/day) entering the River Murray in all Scenarios (Loxton Area)

Appendix C-1-1b Predicted total salt load (tonnes/day) entering the River Murray in all Scenarios (Loxton Area)
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Appendix C-1-2 Graph of predicted total salt load (tonnes/day) entering the River Murray in all Scenarios (Loxton Area)
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Appendix C-1-3 Predicted salt loads entering the River Murray (Loxton Area pre88-irrigation)
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Appendix C-1-4 Modelled SIS benefits (Loxton Area)

Appendix C-1-5a Predicted annual and average salt load (tonnes/day) entering the River Murray in some Scenarios (Loxton Area)

Appendix C-1-5b Predicted annual and average salt load (tonnes/day) entering the River Murray in some Scenarios (Loxton Area)

Appendix C-1-5c Predicted annual and average salt load (tonnes/day) entering the River Murray in some Scenarios (Loxton Area)

Appendix C-1-6 Predicted salt load (tonnes/day) entering the River Murray and in River EC benefit at Morgan (Loxton Area)

Appendix C-2-1a Predicted total salt load (tonnes/day) entering the River Murray in all Scenarios (Bookpurnong Area)

Appendix C-2-1b Predicted total salt load (tonnes/day) entering the River Murray in all Scenarios (Bookpurnong Area)
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Appendix C-2-2 Graph of predicted total salt load (tonnes/day) entering the River Murray in all Scenarios (Bookpurnong Area)

(Bookpurnong Area)
140

Salt load (tonnes/day)

120
100
IIP

80
60
40

Pre88 irrigation

20
Pre-irrigation
0
1945 1950 1955 1964 1974 1984 1994 2004 2014 2024 2034 2044 2054 2064 2074 2084 2094 2104
Year

Appendix C-2-3 Predicted salt loads entering the River Murray (Bookpurnong Area pre88-irrigation)
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Appendix C-2-4 Modelled SIS benefits (Loxton Area)

Appendix C-2-5a Predicted annual and average salt load (tonnes/day) entering the River Murray in some Scenarios (Bookpurnong Area)

Appendix C-2-5b Predicted annual and average salt load (tonnes/day) entering the River Murray in some Scenarios (Bookpurnong Area)

Appendix C-2-5c Predicted annual and average salt load (tonnes/day) entering the River Murray in some Scenarios (Bookpurnong Area)

Appendix C-2-6 Predicted salt load (tonnes/day) entering the River Murray and in River EC benefit at Morgan (Bookpurnong Area)

