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Land salinisation is a serious environmental and ecological problem facing the
Blackwood Catchment, resulting in the loss of large areas of productive land and the
degradation of water and ecological resources. In 1994, with support from Agriculture
Western Australia, the Blackwood Basin Group approached the Geological Survey of
Western Australia to undertake a groundwater study within the Blackwood Catchment.
The aim of the study was to assemble the existing groundwater and salinity data, analyse
for trends across the catchment, and package for use by land managers in the management
zones determined by the Blackwood Basin Group (Figure 2).

This Report concludes the project and consists of six sections. Sections 1 and 2 provide
an overview of the geological setting of the Blackwood Catchment and discuss the
development of the database. This includes the acquisition of primary data layers and
their subsequent integration to model groundwater levels, groundwater salinity and the
distribution of salinity at the watertable.  Section 3 provides a comprehensive description
of the hydrogeology of the catchment and explains the variation in bore yields and
groundwater quality of the different aquifer systems. Section 4 details how increases in
recharge to these aquifers impact on watertable rises and land salinisation. The
distribution of salinity at the watertable for the catchment area east of the Darling Scarp
(Management Zones 3 through to 9) is then discussed in Section 5, and Section 6 reports
on the findings.



2

J. De Silva, R. A. Smith, J. L. Rutherford and L. Ye

The study was successful in identifying and quantifying the major patterns in the development of
salinisation and rises in watertables across the Blackwood Catchment. As expected, the most severe
land salinisation is in the Upper Catchment, with a declining trend towards the coast. Within all of the
management zones, groundwater level and salinity data in both lower and upper landscape positions
show wide variation. Before planning investigations to identify local controls on groundwater movement
and salinisation, the relationship between salinity and water level with respect to landscape position,
aquifer type, landuse and vegetation should be further examined.

Usable water availability is a major issue for land managers in the Blackwood Catchment. The study
concluded that fresh groundwater may be at risk in sections of the Beaufort, Qualeup, Toolibin, Darkan
and other as yet unidentified palaeochannel aquifers. Continued monitoring of boreholes is
recommended, together with the establishment of additional monitoring boreholes.

The acquisition and interpretation of geophysical data may be useful to build a more comprehensive
�picture� of the regional and local controls on salt distribution and groundwater movement. Geophysical
methods should target specific issues in each management zone and aim to build on the existing sets of
data.

The major visible outputs of the project are this report, three posters and a CD-ROM. This report
includes a detailed hydrogeological map of the Blackwood Catchment showing the distribution of
aquifers, water point data, groundwater levels and groundwater salinity; a regional model of salinity at
the watertable, and a series of case studies on local aquifer behaviour and influence on salinity. These
case studies can be extrapolated to similar areas within the management zones.  The three posters
show the key data layers and potential groundwater resources. The CD-ROM contains the groundwater
data in ArcView format. The data was extracted from the GIS database in which it was assembled and
analysed.

The outputs of the project will be valuable for landuse planning to address salinity and will complement
datasets from other sources such as Land Monitor, SS2020 and geophysical surveys.

Keywords: hydrogeology, catchment, salinity, aquifers, groundwater resources, Blackwood River
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2 Blackwood hydrogeological
resource base

The major aim of the Blackwood Hydrogeological
Resource Base Project was the creation of a
groundwater information database to assist land
managers in the Blackwood River Catchment.

2.1 Database development

2.1.1 Primary data layers

The development of the database initially involved the
examination of water point data from AQWABase2,
where information relating to bore depth, depth to the
watertable, geological logs and water quality were
compiled.  Where there were major deficiencies in the
data coverage, additional data were acquired through
conducting a bore census, together with a limited
drilling program involving the drilling of 21 bores
(Panasiewicz et al., 1997).

Water point data were divided into three categories
based on water usage; namely bores, wells and soaks
(Table 3).  Bores are subdivided into categories of;
existing, abandoned, serviceable and monitoring
followed by yield; large (>50 m3/d) and small (<50 m3 d).
Wells are classified as either existing or abandoned.

Table 3.  Classification of water points

Type of water point Total Number

Bores 2679
Wells 1172
Soaks 937

Total 4788

Date of water point Total Number

Pre-1940 439
1940-1949 127
1950-1959 209
1960-1969 304
1970-1979 361
1980-1989 697
1990-1997 554
No date 2146

Total 4837

2 AQWABase: Water and Rivers Commission PC relational
database

The following additional datasets were acquired from
various government organisations (Appendix 1).

� Roads, railways

� Townsites,  local government and cadastral
boundaries

� Catchment boundaries and management zones

� Topographic contours

� Drainage lines, other surface water bodies and
coastline

� Climatic data such as rainfall and evaporation

� Geological and structural maps

2.1.2 Derived datasets

The Aquifer Type dataset is  derived from the
interpretation of classified water point information,
geology, aerial photographs, topography and structure.
The procedure involved plotting aquifer lithology
information on topography and geology/structure maps
at 1:100 000 scale, using GIS software, ArcView.
Aquifer type boundaries, as detailed in Table 2, were
then interpreted, drawn manually, digitised and labelled.

2.1.3 Modelled datasets

Groundwater Levels and Groundwater Salinity are
modelled through the integration of water point
information with topography and geology.  The
modelling procedure involves using GIS software,
ArcView and ArcInfo.

A digital elevation model of the topography is generated
using topographic contours.  The subtraction of the
depth to water level information from the digital
elevation model provides a depth to the water level
measurement with respect to the land surface.  This is
calculated for each water point, from which the
catchment groundwater contours and groundwater
salinity (at or near the watertable) contours are then
interpreted, drawn manually, digitised and labelled
(Appendix 1).
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2.1.4 Spatial analysis

Two of the modelled datasets, Groundwater Levels and
Groundwater Salinity, were used to develop the
Distribution of Salinity at the Watertable dataset.
Categories were produced through interrogating the
previously modelled datasets with respect to logical
statements/criteria.  In this case the criteria are
increasing depth to water level in association with
decreasing salinity.  The resultant modelled data were
colour coded according to their prescribed categories.

2.1.5 Data quality

The quality and quantity of recorded information for
the water point data are variable and this impacts on
the interpretation of the aquifer boundaries and the
modelling of the contoured datasets.  Not all water point
data are surveyed with the same degree of accuracy, in

x, y and z directions.  To standardise the z direction
measurements the digital elevation model was produced
and applied to the variably located water point data.
However, water point data coverage is not even, so
often a high degree of extrapolation between sparse data
points was needed.  Groundwater Levels and
Groundwater Salinity are dynamic parameters which
experience seasonal and long-term variations.
Therefore, the frequency of measurement and the length
of time since the water point was last sampled affect
the quality of the recorded information.

These variations are passed on to the derived and
modelled datasets, and whilst they are unlikely to have
a significant impact at catchment scales, should be taken
into account when conducting �paddock scale�
investigations.
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The identification of areas threatened by rising
watertables and land salinisation requires not only an
understanding of the location and extent of different
aquifer systems, but a knowledge of salt distribution
and the processes by which groundwater may mobilise
salt (Coram, 1998).

Processes on regional, intermediate and local scales
influence the distribution of salt and groundwater flow.
Climate, hydrogeology, landform, landuse and
vegetation form major regional controls.  At smaller
scales the relief of the contemporary land surface, the
topography of the basement, the thickness of the
regolith (weathered profile and overlying surficial
sediments), and the presence of geological barriers such
as faults, quartz and mafic dykes and aquitards are
important (Johnston et al., 1983; Martin, 1984;
Johnston 1987a,b; Salama et al., 1994; George et al.,
1997; Clarke et al., 2000).

All of these controls vary significantly across the
Blackwood Catchment, particularly over the Yilgarn
Southwest Province.  The mapping of the aquifer
systems along with contouring depth to water level and
salinity provides a regional framework from which
smaller scale investigations can be planned to identify
local controls on groundwater movement and salt
distribution.

4.1 Groundwater recharge and
discharge

Rainfall, geology, landform, landuse and vegetation
control the amount of rainfall that recharges the regolith
(Salama et al., 1994).  Locally, higher recharge rates
occur through preferential pathways such as grus, faults,
fractures and joints, zones of higher hydraulic
conductivity within the regolith such as quartz �rich�
bands or veins, and vegetation root structures and
channels (Johnston, 1987a; Lerner et al., 1990).

Recharge rates calculated for the Toolibin
subcatchment, in the Upper Catchment, using the
groundwater chloride mass balance, are 0.3 and 0.45%
of average annual rainfall (De Silva, 1999).  This
method generally underestimates the recharge as it does

4 Rising watertables and land salinisation

not take into account the presence of preferential
pathways in the regolith.  Other groundwater recharge
studies have been conducted in wheatbelt catchments
to the northeast of the Blackwood Catchment, which
receive less rainfall than the Toolibin subcatchment
(<400 mm/a).  Here, recharge was found to occur at
higher rates, ranging from 6 to 10 mm/a, about 2 to 3%
of average annual rainfall, with the highest recharge
rates in the deep sandplain and the lowest in the heavy
textured mid-slope and valley soils (George, 1992b).

Similar to recharge, groundwater also discharges from
regional, intermediate or local-scale flow paths.
Regional scale discharge in the Yilgarn Southwest
Province takes place in large-scale fractured rock and
palaeochannel aquifers.  Groundwater discharge from
weathered rock aquifers into the palaeochannel and
surficial aquifers in the lower landscape is considered
intermediate between regional and local scales.
Locally, landform and geological barriers affect
groundwater flow, influencing the development of
hillslope seepage in mid- to upper landscape areas and
evapotranspiration from shallow watertables.  Likewise,
in the southern Perth and Boyup Basins, regional to
intermediate- scale processes are represented by the
groundwater flow patterns and associated discharge
from the sedimentary aquifers.

4.2 Depth to water level maps

The watertable represents a surface below which the
pore spaces and fractures within rocks are saturated.
It is a dynamic surface which commonly experiences
seasonal fluctuations and long-term changes, the latter
in response to alterations in the balance of recharge
and discharge.

Groundwater-level contours represent the water level
of the aquifer closest to the land surface.  In the case of
the Yilgarn Southwest Province, they represent the
water level of the weathered rock aquifer,
palaeochannel aquifer or surficial aquifer, assuming
unconfined groundwater conditions exist.  In the figures
and maps in this report the water level is depicted as
either point values or contours and is expressed in
metres above Australian Height Datum.
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Based on historical data and more-recent drilling
programs in the Blackwood Catchment, groundwater
levels have been determined as ranging from ~20 m
beneath the land surface in the upper landscape to less
than 2 m below the valley floors.  On this basis, depth
to water level classes were mapped for <2 m, 2 to 5 m,
5 to 10 m, 10 to 20 m, and >20 m.  Of these classes, the
<2 m class has the highest environmental significance
as it represents a critical depth range in terms of
catchment management.  In this range, water from the
groundwater table is lost through evapotranspiration
or capillary evaporation, in the process accumulating
salt at the land surface.  The water level class, 2 to 5 m,
can be also considered as a critical depth range if
coupled with a rising watertable trend.  Figure 18 shows
the distribution of each water level class for the
catchment management zones.

4.3 Water level trends-case studies

In the Yilgarn Southwest Province low relief encourages
recharge to groundwater.  This problem is compounded
where low hydraulic gradients fail to cope with the
influx of groundwater from increased recharge,
resulting in watertable rises and discharge into the lower
landscape.  Nulsen (1998) reported the following trends
of watertable rises in the Blackwood Catchment (for
the few bores with groundwater monitoring data):

A bore monitored since 1993 at Dinninup, in the
Kitchanning Brook subcatchment, indicates that the
groundwater level rose at a rate of 2 m/a, from 24 m bns

(metres below natural surface) in 1993 to 18 m bns in
1996.  This bore was drilled into granite basement to a
depth of 27 m.  The locality had been cleared for
15 years (since 1978).

At Duranillin, a bore located in a mid-slope position in
the Date Creek catchment (a subcatchment of the
Arthur-Blackwood river system), revealed that the
water level is rising at an average rate of 0.5 m/a.  The
water level of the bore was around 14 m bns in 1996.
The bore is located in a fracture zone that crosses three
surface subcatchments and was drilled into fractured
granite basement to a depth of 17 m.

A monitoring bore located in the broad valley flats of
the Arthur-Blackwood River system at Capercup has
recorded a potentiometric level at 1.5 m above ground
level over a four-year period between 1992 and 1996.
This steady water level is attributed to groundwater
discharging at saline springs nearby combined with
below average rainfall in 1993/94.  This bore is 14 m
deep and was drilled into the margin of a palaeochannel
aquifer.

Groundwater levels of the Toolibin Lake subcatchment
were monitored in remnant bush and cleared farmland.
Groundwater monitoring bores were drilled in 1977 into
the surficial and weathered rock aquifers located
beneath the broad valley flats.  The water level beneath
both cleared farmland and remnant bush reserves has
risen over the past 17 years.  The water level beneath
the bush reserve, now 1 m bns, has risen at 0.05 m/a.
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In the Geegalup Brook subcatchment, near the town of
Bridgetown, a monitoring bore drilled 14 m into the
weathered profile of gneissic rocks has recorded a
decrease in groundwater level at a rate of 0.8 m/a since
1992.  This decrease in water level was attributed to
the area being revegetated with Tasmanian and Sydney
Bluegums.  Adjacent to the subcatchment, in an area
that remains cleared, the water level in another bore
continued to rise, and is now between 2 and 3 m bns.

These case studies suggest groundwater levels are rising
in both weathered and fractured rock aquifers at
Duranillin and Dinninup.  The bore with the deepest
water level recorded the maximum water level rise,
indicating that the groundwater system is not in
equilibrium and that reaching a steady state condition
may take a long time.

Bores, in Early Tertiary and surficial sediments, that
exhibit  shallow water levels or above-surface
potentiometric heads generally indicate steady water
levels.  This suggests that the groundwater system
associated with these sediments may have reached
steady-state conditions.  The attainment of these
conditions is aided by groundwater discharge from
saline springs, water loss from the shallow water levels
due to evapotranspiration, and recent below average
rainfalls.

4.4 Salinisation

In the Blackwood Catchment, coastal areas receive
higher rainfall and, as a consequence, more salt.
However, they are generally well drained, with the
unsaturated zone regularly flushed by rainfall, which
limits the quantity of salt retained within the regolith.
Conversely, areas farther inland receive less rainfall
and hence less salt fall (Hingston and Gailitis, 1976).
More salt is retained in these areas in response to the
subdued topography and increased evaporation rates
(Fig. 4).  Therefore, salt storage within the catchment
generally increases from west to east, being greatest in
the Upper and Upper-middle Catchments, located in
the Yilgarn Southwest Province (Fig. 7).  The
mobilisation of salt, as the water balance adjusts to
changes produced by land clearing, may produce land
salinisation.  The Yilgarn Southwest Province, by virtue
of receiving more salt, possessing heterogeneous
aquifers and exhibiting generally subdued relief, is at
greater risk of salinisation.

Salama et al. (1994) suggested that, at regional scales,
the concentration of salt correlates with topographic
position, salt stores generally increasing with regolith
thickness which tends to increase from upper to lower
landscape areas.  This association is exacerbated by
the movement of groundwater, which follows the
bedrock topography, and as a consequence transfers salt
into the lower landscape (Martin, 1984).  At smaller,
or local scales, there is a more complex pattern of salt
storage across the landscape.  The movement and
concentration of salt by groundwater is influenced by
local variations in bedrock topography and changes in
hydraulic conductivity, the latter determined primarily
by the fabric, texture and mineralogy of the basement
rocks (Johnston, 1987a,b).

Increased recharge as a consequence of land clearing
increases groundwater movement in zones of higher
hydraulic conductivity.  This often results in the
saturation of the saprolite in lower landscape areas and
the mobilisation of salt from previously unsaturated
zones.  Leaching of salt may also take place in mid- to
upper landscape positions as the watertable continues
to rise.  As the watertable rises to depths of less than 2
m, capillary discharge and evaporation of groundwater
concentrates salt in the shallow soil layer.

Watertable rises and salinisation also affect water
quality within the palaeochannel aquifers in the Yilgarn
Southwest Province.  Where these sediments occupy
poorly drained broad valleys, groundwater salinities are
typically high (>7000 mg/L).  Increased recharge to
these sediments from the adjacent weathered profile of
granitoid and gneissic basement rocks may result in the
deterioration of localised fresh water within these
channels (Clarke et al., 2000).  Depending on hydraulic
gradients, the thickness of the sediments and the
hydraulic conductivity of overlying sediments (where
they are present), the watertable may rise and
groundwater discharge at the land surface (George
et al., 1994; Clarke, 1998).  Palaeochannel sediments
situated upslope and across surface water divides are
less likely to suffer a decline in water quality.  These
aquifers are only partially confined and tend to contain
brackish to fresh groundwater as a consequence of
receiving increased recharge from rainfall.

Salinity in the surficial aquifers in the Yilgarn
Southwest Province generally increases from west to
east, following much the same trend as weathered and
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fractured basement aquifers.  In the western part of the
Province, adjacent to the Darling Scarp, groundwater
is fresh to brackish.  This reflects both the high rainfall
and runoff, the latter due to a high proportion of
outcrop.  Most supplies in these areas are from shallow
bores and springs and are therefore not an indication
of groundwater salinity deeper in the regolith.  Farther
east, groundwater salinity increases significantly with
decreasing rainfall, larger areas of weathered bedrock
aquifers,  and poorer drainage.  In particular,
groundwater in swamps and playa lakes, formed in
depressions in the landscape and drainage lines, has
become particularly saline through evaporation and the
leaching of salts from higher areas to areas downslope.
In most eastern areas, groundwater salinity around
drainage lines exceeds 7000 mg/L and in some areas
exceeds 14 000 mg/L.

In the southern Perth Basin the areas vulnerable to
salinisation are generally restricted to specific
lithologic and geomorphic zones.  Groundwater
salinities in the major confined sedimentary aquifers,
the Leederville Formation (lower sequence of the
Warnbro Group aquifer) and Yarragadee Formation

aquifers, are fresh and mostly below 500 mg/L
(Baddock, 1995).  Groundwater salinity within the
unconfined surficial aquifer varies. For example in
coastal areas, with high rainfall and generally well
drained sediments, the salinity is between 200 and
530 mg/L.  Areas vulnerable to salinisation are mainly
restricted to poorly drained areas inland from the
coastline where salts are stored in shallow watertables
in the surficial sediments.  At times of high rainfall lakes
form, with ensuing evaporation concentrating the salt
within the groundwater and increasing the salinity at the
watertable.

4.5 Groundwater salinity maps

Groundwater salinity within the Blackwood Catchment
ranges from 300 to 35 000 mg/L.  These values
represent the salinity of the groundwater at or close to
the watertable, in the sense that they are indications of
salinities that would be expected from a shallow
pumping bore.  Groundwater salinity is categorised in
Table 4 according to the possible usage of groundwater,
and Figure 19 shows the distribution of these salinity
categories for each of the catchment management zones.

Groundwater salinity (mg/L) Possible usage

<500 Good potable.
500 - 1000 Marginal potable, most plants, direct adverse biological affects in river, stream and

wetland ecosystems around 1000 mg/L, and good quality for stock.
1000 - 3000 Some plants depending on crop, soils and drainage, and good quality for stock.
3000 - 7000 Acceptable for most stock requirements, and some irrigation.
7000 - 14 000 For some stock but careful animal health monitoring required.

>14 000 No agricultural use, potential for careful industrial and mining use.

Table 4.  Groundwater salinity ranges and potential use
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6 Discussion

Prior to the clearing of native vegetation, natural land
salinisation was present in the Blackwood Catchment,
particularly in the Upper Catchment, where hydraulic
gradients are low and more salt is retained in the
landscape (Fig. 3).  Groundwater systems control the
distribution of salt once it enters the regolith and prior
to clearing these systems were in general equilibrium
(i.e. the amount of recharge to the groundwater
approximated the amount of discharge).  Under these
conditions naturally saline areas are clearly defined.
However, equilibrium conditions ceased with land
clearing, and increases in recharge have exerted
pressure on the groundwater regime, with water levels
rising in response.  This has led to larger areas being at
risk of land salinisation and the extension of the
�established� risk areas in the Upper Catchment into
the Middle, and to a lesser extent, Lower Catchments.

Salinity in the Middle and Lower Catchments, being
influenced by higher relief and a well defined drainage
system, is not as severe as in the Upper Catchment
(Fig. 3).  However, higher salinity has developed in the
Middle Catchment in response to a dramatic increase
in recharge rates which has put pressure on the
groundwater systems.  Low hydraulic gradients (~1
in 10 000) coupled with the low hydraulic
conductivities of weathered rock aquifers (~10-4 m/s)
produce very slow lateral groundwater movement and
long groundwater residence time.  The rise of
groundwater levels, and to a lesser extent lateral
movement from regional and local groundwater
systems, has resulted in the development of saline
seepage, particularly in low-lying areas.  As watertables
rise to within 1-2 m from the land surface, groundwater
will contribute more salt to water courses.

Increased recharge to the weathered rock aquifer in the
Yilgarn Southwest Province not only results in
watertable rises, but may also affect fresh water
resources in the intermediate (the palaeochannel
aquifers) and local groundwater systems (those
constrained by geological barriers).  For example, fresh
groundwater in sections of the Beaufort, Qualeup,
Toolibin and Darkan Palaeochannels may be at risk,
along with groundwater in palaeochannel aquifers that
have not yet been identified.  To ensure that fresh water
resources in these systems do not deteriorate, their
degree of interconnection with the weathered rock
aquifer must be assessed, along with the rate at which
water levels are rising.  However, there is insufficient
water level trend information to enable the variation in

rates of rise to be assessed, and then used to prioritise
areas requiring remediation (Table 6).  To make better
use of this information, the continued monitoring of
existing boreholes is essential, together with the
establishment of a network of additional monitoring
boreholes where data coverage is inadequate.

The major controls on rising watertables and
salinisation across the Blackwood Catchment are
summarised in Table 6.  Results from this regional-scale
study confirm that salinity at the watertable in the lower
landscape increases eastward from the Darling Scarp,
as does the prevalence of shallow watertables (<2 m).
This variation is to be expected as the relief becomes
more subdued to the east; the increasingly broad flats
and valleys will necessarily lessen the extent of
groundwater movement.  Salt distribution also increases
from west to east, as average annual rainfall decreases
and evaporation increases.  Groundwater level and
salinity data in both lower and upper landscape
positions show wide variation within all of the
management zones (Table 6).  Further interrogation of
these data should be conducted to determine if
relationships exist between salinity and water level with
respect to landscape position, aquifer type, landuse and
vegetation.  These relationships should be examined
for individual management zones before planning
investigations to identify local controls on groundwater
flow and salinisation.

The number and distribution of water point data vary
between the management zones.  It is therefore difficult
to compare salinity and water level statistics between,
and often within, management zones.  The unequal
distribution of water point data over the Blackwood
Catchment can be redressed through further drilling.
To build a more comprehensive �picture� of the regional
and local controls on salt distribution and groundwater
flow, the acquisition and interpretation of geophysical
data may be useful.  There are many geophysical
methods, ranging from directly sampling material in
close proximity to the instrument (such as borehole
logging), to remote-sensing methods such as the
imaging of multispectral data received from satellites.
Geophysical methods selected to provide information
on land salinisation should target specific problems in
individual management zones and aim at building on
existing data in the Blackwood Hydrogeological
Resource Base, together with information from the
Land Monitor and SS2020 projects.
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Physiography/landform Relief Climate Groundwater level and salinity Water level trends

zone Average rainfall Pan evaporation Lower landscape Upper landscape
(mm/a) (class A) (mm/a)

Zone 3 East and West Darling Range: Greatest relief of the management ~1000 on the increases (<210 m AHD) (<300 m AHD) Limited data suggest
undulating lateritic plateau with zones, decreases to the east from the western margin eastwards ~1250 groundwater level groundwater level average rises of ~0.27 m/a
deep incised valleys grading to Darling Scarp, lake systems develop to ~600 in the to ~1500   0.1�5.0 m   0.7�11.5 m (weathered rock and
broad valleys in the east in the eastern areas near Kulikup and east salinity salinity palaeochannel aquifers)

Qualeup   100�11 000 mg/L   90�16 000 mg/L

Zone 4 Zone of Rejuvenated Drainage Broad flats form ~24% of the zone, ~500, ~600 in ~1600 (<250 m AHD) (>300 m AHD) Insufficient reported data
and east Darling Range: gently ~20 km2 are subject to seasonal  the northwest groundwater level groundwater level
undulating to undulating rises, inundation, lake systems develop in the   0.3�20 m   0.2�23 m
low hills, narrow incised north and northeastern areas within the salinity salinity
valleys and broad flats broad flats including Lake Towerrinning   115�21 700 mg/L   70�15 300 mg/L

Zone 5 Zone of Rejuvenated Drainage Broad flats form ~32% of the zone, ~450 ~1700 (<280 m AHD) (>330 m AHD) Insufficient reported data
and Zone of Ancient Drainage ~96 km2 are subject to seasonal groundwater level groundwater level
(northwestern area): gently inundation, northeast trending salt lake   0.1�20 m   0.6�24 m
undulating to undulating rises, system in the centre of the zone includes salinity salinity
low hills and broad flats the Norring and Parkeyerring Lakes   100�46 000 mg/L   90�10 000 mg/L

Zone 6 Zone of Ancient Drainage: Broad flats and valleys form ~48% of ~500 to 400 ~1700 to 1800 (<290 m AHD) (>330 m AHD) Insufficient reported data
gently undulating rises and the zone, ~155 km 2 are subject to groundwater level groundwater level
broad flat-floored valleys seasonal inundation, salt lake system in   0.2�16 m   0.3�41 m

the centre of the zone includes Coyrecup salinity salinity
and Ewlyamartup Lakes   105�33 000 mg/L   90�12 500 mg/L

Zone 7 Zone of Ancient Drainage: Broad flats and valleys form ~32% of ~400 ~1800 (<300 m AHD) (>330 m AHD) Insufficient reported data
gently undulating rises the zone, ~91 km2 is subject to seasonal groundwater level groundwater level

inundation, water courses drain into the   0.3�27 m   0.3�41 m
saline Dumbleyung Lake salinity salinity

  100�38 000 mg/L   100�15 000 mg/L

Zone 8 Zone of Rejuvenated Drainage: Broad flats and valleys form ~12% of ~500 to 600 ~1600 to 1700 (<260 m AHD) (>300 m AHD) Insufficient reported data
gently undulating to undulating,  the zone, ~20% of the land in the groundwater level groundwater level
with broad flat-floored valleys Hillman River system is affected by   0.3�7.2 m   0.6�16.9 m

secondary salinisation salinity salinity
  130�14 800 mg/L   110�5050 mg/L

Zone 9 Zone of Ancient Drainage and Broad flats and valleys form ~31% of ~450 to 500 ~1800 (<310 m AHD) (>340 m AHD) Insufficient reported data
Zone of Rejuvenated Drainage: the zone, ~65 km2 of the area occupied groundwater level groundwater level
gently undulating rises and by the valley floors of the Arthur and   0.2�14 m   0.5�52 m
broad valley floors, well defined Buchanan Rivers is subject to seasonal salinity salinity
drainage lines restricted to the inundation   100� 60 000 mg/L   100�23 000 mg/L
zone of rejuvenated drainage

Table 6.  Major regional controls on salt distribution, groundwater movement and water level trends in the Blackwood Catchment

Management
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Appendix 1
Arc Info digital data and reference files documentation

Data Description Feature Source
category

Primary Roads Line DOLA 100k

Railways Line DOLA 100k

Local towns and villages Point DOLA 100k

Local government authority Polygon DOLA 100k

18 x 1:100k sheets that cover the Blackwood Catchment Line, polygon WRC,  this project

Blackwood Catchment boundary Line, polygon WRC,  this project

9 management zones of the Blackwood Catchment Line, polygon Blackwood Basin Group

10m Topographic contours Line DOLA 100k

Drainage Line DOLA 100k

Water body Line DOLA 100k

Coast of Blackwood Catchment Line, polygon AUSLIG 250k

Coast of WA Line

Rainfall (mm) in WA Line Bureau of Meteorology

Evaporation (mm) in WA Line Bureau of Meteorology

Bores and attributes Point WRC, this project

Dykes Line DME 1:250k geological
maps captured by NGIS Ltd

Lithology Polygon DME 1:250k geological
maps captured by NGIS Ltd

Derived or Hydrogeology Polygon WRC, this project

modelled Groundwater level contour (20 m interval) Line WRC, this project

Groundwater level model (100 m cell size) Grid WRC, this project

Surface elevation model (100 m cell size) Grid WRC, this project

Depth to water model (100 m cell size) Grid WRC, this project

Groundwater salinity, contours and ranges Line, polygon WRC, this project
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Appendix 2
Project flow chart
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