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EXECUTIVE SUMMARY
Sattler Pastoral proposes a dune sand extraction operation about 7km east of Bridport on
3
mining lease MLA 1975P/M. Up to 1.25 million m (about 2 million tonnes) of sand will be
excavated each year, and pumped as a slurry to ships waiting 2.3km offshore. The slurry
would be dewatered during loading and the excess water returned to shore for re-use.
2

The proposed operations are at the downgradient end of the 820km Scottsdale Groundwater
Basin, which contains a large central area of Tertiary sediments and basalts bordered and
underlain by Ordovician to Siluro-Devonian Mathinna Group sedimentary rocks and Devonian
granites. The Tertiary sediments were deposited in, and spread out over, Tertiary deep leads
(palaeodrainage channels) which join as a single lead trending north northwest under MLA
1975P/M. The base of the lead beneath the mining lease is about 60m below sea level.
The downgradient end of the Basin is a groundwater discharge area. Of the overall estimated
basin-wide groundwater budget of some 150GL/year, perhaps two thirds feeds gaining
streams (the Brid and Great Forester River systems) and the balance, up to about 50GL/year,
discharges coastwards through the Tertiary sediments and deep lead and out into Bass Strait.
Groundwater in the Tertiary aquifer is close to the surface, of the sodium chloride type, and of
good quality. Historical yields from 1970s exploratory bores in the deep lead ranged up to
about 15L/sec. Current groundwater use is negligible.
A much smaller aquifer exists in the Quaternary migrating transverse dune system. Recharge
2
from direct rain is estimated at about 0.1GL/year/km . The water is of the calcium bicarbonate
type, and of good quality. It discharges coastwards, and also to ephemeral wetlands.
The sand extraction operation is expected to have a net water requirement of about
0.5GL/year. Three potential sources of this water are being considered. In practice any or all of
them might be used in varying proportions. They are:
•

Source A: the Great Forester River system

•

Source B: unlined shallow excavation(s) in Tertiary materials exposing the water table

•

Source C: one or more extraction bores tapping groundwater in the Tertiary aquifer

Management issues relating to groundwater use for the project include:
•

the sustainability of the groundwater supply

•

potential effects on the ephemeral wetlands, and

•

the potential to generate acid sulphate soil conditions

A management plan will be prepared to address these issues.
•

In relation to sustainability, the net 0.5GL/year of groundwater required for sand
extraction operations is about 1% of the annual volume estimated to be moving
through the underlying Tertiary aquifer.
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•

In relation to the ephemeral wetlands, any groundwater extraction points will be
located at sufficient distance from the wetlands so as to have no noticeable effects on
water table levels judged against their natural variability. Pump testing of the Tertiary
aquifer will allow such distances to be determined. The monitoring of natural variability
of wetlands (and the Tertiary) water tables is already in place, using digital loggers
recording at hourly intervals in four bores. This program will be continued as long as
required.

•

In relation to potentially acid sulphate soils (PASS), most of the operations will occur
on areas of very low to low potential (the Tertiary sediments and migrating dune
system). Some buried Quaternary materials may be PASS. Operations will be
managed so that these materials remain undisturbed.
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INTRODUCTION

Background

In October 2014 Dorset Council granted Permit 2014/31 to Sattler Pastoral for dune sand
extraction operations about 7km east of Bridport in northeast Tasmania, immediately to the
east of the Lost Farm golf course (Attachment 1). The operations will be located on mining
lease MLA 1975P/M.
3

It is proposed that up to 1.25 million m (about 2 million tonnes) of sand be extracted each
year, and pumped as a 30% sand:70% fresh water slurry in one of three 600mm diameter
HDPE pipelines to a ship loading platform 2.3km offshore in Anderson Bay. The slurry would
be dewatered during loading and the excess water returned via a second pipeline to shore for
re-use.

1.2

Water requirements

Ships are expected to be of 30,000 – 45,000t “dry sand” capacity. Neglecting the 10% retained
on dewatering, a 30,000t load at 30% sand:70% water will require about 65 – 70ML of water
for loading. About 60 – 80 shiploads are expected each year (say, 1-1.5/week) requiring some
1
4,000 – 5,600ML (4 – 5.6GL ). It is estimated that about 10% of the slurry water would be
retained in the shipped sand. This lost water will need to be made up. It amounts to about 6 –
7ML per ship – say, about 10ML/week, every week. This is about 15L/s continuously, and up to
about 500ML annually.
It is understood that there is ample make-up water from the Great Forester River from May to
November each year, but not necessarily over the warmer months because it is needed for
agricultural use. The 500ML of water required annually for the mining operations could all be
pumped from the river during the winter months, with the excess (for summer shipping) stored
at the surface – possibly in wetlands or lined waterholes.
Alternatively, groundwater is a potential source of all or summer water requirements. A
2
possible source is shallow groundwater in the coastal dune system , where arrays of spear
3
bores could extract groundwater near the storage dams . A larger groundwater aquifer also
underlies the water in the dune sands.
4

This report reviews the sustainability of obtaining groundwater from both aquifers, and
describes initial field investigations to assess groundwater conditions near the proposed sand
extraction area. The potential impacts of sand operations on groundwater conditions are also
reviewed.

1

1,000megalitres = 1 gigalitre ie 1,000ML = 1GL. 1GL is a cubic hectare of water.
Cromer, W. C. (2003). The geology and groundwater resources of Nine Mile Beach, eastern Tasmania. Record
2003/07 Tasmanian Geological Survey, Mineral Resources Tasmania; page 29.
3
A properly constructed spear in coastal sands in Tasmania typically yields 0.4 – 0.6L/s, and groundwater exists in the
dune sands of the district, so that 25 – 100 suitably-spaced spears ought in the short term to collectively yield the
required range in volume.
4
In this report, groundwater prospectivity means the likelihood of groundwater of acceptable quality being present
and extractable at the required rate by an appropriate number of water bores. Groundwater sustainability is the
likelihood that groundwater of the required quality and volume can be extracted indefinitely without adverse
environmental effects.
2
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Scope and presentation of this report

This report is in two parts – Part A, and Part B.
In Part A, William C Cromer Pty Ltd (WCC) was commissioned by John Miedecke & Partners
Pty Ltd on behalf of Sattler Pastoral to conduct a desk top review of the hydrogeological issues
relating to the proposed sand mining operation, and to comment specifically on the
sustainability of groundwater extraction.
5

The results of the review were presented in an unpublished report to the proponents in
February 2016. An amended version forms most of Part A in the present report.
Part B describes field investigations recommended in the desk top review and conducted
mostly in February 2016.

1.4

Groundwater fundamentals

Attachment 2 provides background information on groundwater hydrology. Fundamental to
sustainability of groundwater extraction are the concepts of recharge and discharge conditions
6
in a gravity-driven groundwater catchment and the relationships between regional-,
intermediate- and local-scale systems (Figure 1; adapted from Figure 2.2 in Attachment 2).
•

In recharge areas, groundwater is replenished by net rainfall (rain less
evapotranspiration) infiltrating from above. Water table (unconfined) conditions apply.
Groundwater flow lines are down and away from the recharge area. Hydraulic heads
are relatively high and decrease with depth. The only source of groundwater is from
direct infiltration. Sustainability of extraction is therefore limited by the rate of local
recharge.

•

In discharge areas, groundwater may or may not be replenished by infiltration from
above (so local water table conditions may or may not apply). The main supply of
groundwater is from a recharge area some distance from the discharge area. In the
latter, groundwater flow lines are up towards the surface, and hydraulic heads increase
with depth. Sustainability of extraction is again limited by the rate of replenishment, but
depending on catchment size, geology and aquifer permeability, may considerably
exceed local recharge. Discharge areas are often indicated by swamps and wetlands
at least partly fed from below.

Distinguishing between recharge and discharge conditions is achieved by observing water
levels in two closely-separated bores (or a nested pair in the same hole) with short screened
sections at different depths in the same aquifer, as shown in the lower two diagrams in Figure
1.

5

Cromer, W. C. (2015). Sustainability of groundwater supply, Anderson Bay Sand Extraction Project. Unpublished
report for Sattler Pastoral by William C. Cromer Pty Ltd, 7 December 2015.
6
A groundwater catchment is an area where there is no horizontal flow of groundwater across its boundaries. It is akin
to a surface water catchment, and in some instances may be the same.
William C Cromer Pty Ltd: Consulting engineering and groundwater geologist
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Figure 1

In recharge areas (at left), the hydraulic
heads are relatively high and decrease
with depth, as shown by the water levels
in two adjacent piezometers.
In
discharge areas (at right), the energy and
flow conditions are reversed: heads are
low and increase with depth.

Groundwater conditions at
discharge point B
Land surface

Fundamentals of groundwater hydrology in a gravity-driven groundwater
system. Adapted from Sophocleous (2004). Groundwater recharge, in Groundwater, [Eds. Luis
Silveira, Stefan Wohnlich and Eduardo J. Usunoff] in Encyclopaedia of Life Support Systems
(EOLSS), Developed under the Auspices of the UNESCO, Eolss Publishers, Oxford, UK,
[www.eolss.net)
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PART A
2
2.1

HYDROGEOLOGICAL REVIEW

Introduction

Part A of this report reviews previous hydrogeological investigations in the district in order to
then assess groundwater conditions and the sustainability of supply for the proposed sand
extraction operations.

2.2

The Scottsdale groundwater catchment

Attachment 2 is a series of important maps – mainly from Harrington and Currie (2008b) –
setting out aspects of the regional-scale Scottsdale groundwater catchment: its location,
extent, rainfall isohyets, surface drainage, major hydrological features, groundwater salinity,
bore yields, the location and base of Tertiary deep leads, and groundwater potentiometric
surfaces.
The proposed Anderson Bay sand extraction project lies within the Scottsdale groundwater
catchment.
Relevant comments from Attachment 2 are:
•

The 820km catchment contains a large central area of Tertiary sediments and basalts
bordered and underlain by Ordovician to Siluro-Devonian Mathinna Group sedimentary
rocks and Devonian granites.

•

The Tertiary sediments were deposited in, and spread out over, Tertiary deep leads
(palaeodrainage channels) which join as a single lead trending north northwest under
MLA 1975P/M; the base of the lead beneath the mining lease is about 60m below sea
level.

•

Recharge conditions apply to the higher, southern, eastern and western margins of the
catchment.

•

Discharge conditions apply to the lower, coastal onshore and offshore parts of the
catchment (ie groundwater is flowing upwards near the coast, and upwards offshore
into Bass Strait waters).

•

The coastal part of the catchment has a veneer of Quaternary migrating dunes
(overlying estuarine and swamp sediments) extending inland some 3km and overlying
the Tertiary sediments.

•

The Tertiary deep leads are the catchment’s primary aquifer; sediments in the leads
are up to about 60 – 70m thick, and in the deepest parts are restricted to narrow zones
of well-sorted material which may locally be only a few hundred metres wide.

•

Bore yields in the Tertiary sediments range from 0 – 15L/s and are higher in the
coastal part of the catchment.

•

Groundwater quality in the Tertiary sediments is very good with salinities typically less
than 500mg/L.

2
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•

Surface streams and rivers in the lower, coastal part of the catchment are likely to be
gaining streams (ie they are replenished by groundwater).

•

Historical groundwater use in the catchment is insignificant (reflecting the ready
accessibility of surface water supplies).

•

Surface water extraction in the Great Forester River has been regulated since 2003.

•

Mineral Resources Tasmania monitors the Waterhouse observation bore (Figure 2)
near MLA 1957P/M. Water levels fluctuations in the bore are minor (0.5 – 1m/yr) on a
seasonal basis, suggesting a regional aquifer with good storage.

•

Estimates of annual recharge rates to the catchment range from 70 – 300mm,
depending on the technique used; Harington and Currie (2008b; page13) adopted
185mm/yr for input into a preliminary water budget.

•

On a catchment scale, groundwater flows in the Tertiary deep leads is from south to
north, through to the coast east of Bridport; these directions are likely to be more
variable on an intermediate scale (but still coastwards beneath MLA 1957P/M), and on
a local scale, flow directions will tend to be towards and from drainage lines.

•

The potentiometric surface for the deep leads decreases from about 200 mAHD in the
southwest to less than 5 mAHD near the north coast.

•

On a local scale in and near MLA 1957P/M, shallow groundwater is contained in
recharge zones in the coastal sands aquifer.

2.3

Groundwater conditions at and near the proposed sand extraction
project

Of the documents reviewed for this report, the records (held by Mineral Resources Tasmania;
MRT) of drilling in the district, and the recent hydrogeological work by GES, demonstrate
intermediate discharge conditions and local recharge conditions respectively beneath MLA
1957P/M.
2.3.1

MRT records of drilling 1972 – 2007

In the 1970’s, the then Department of Mines conducted a rotary drilling programme specifically
targeted at delineating the Tertiary deep lead system in the coastal area east of Bridport. Most
bores appear to have intersected granitic basement. No formal reporting was done and it is
7
understood the only remaining records are summary drill logs .
Table 1 is reproduced unchanged from Table 4 of GES (2013). The locations of the bores are
shown in Figure 2. Records of other bores in the area should also be compiled. The group
selected appear to be all located in Tertiary sediments, and some are within the deeper parts
of the Tertiary lead. Yields range from about 2 – 15L/s, and water quality from about 200 –
350mg/L total dissolved solids.
Harrington and Currie (2008b) report potentiometric surfaces of the Tertiary deep lead aquifer
in the vicinity of the Waterhouse monitoring bore (Figure 2) at about 5m above sea level.

7

The logs are available on line at http://dpipwe.tas.gov.au/water/groundwater/groundwater-information-access-portal
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GES drilling 2013

GES drilled eleven boreholes (BH1 – BH11) on the mining lease, to depths of up to 12m
(Figure 3). Screened intervals were installed in six of these (BH4, 5, 6, 7, 9 and 10) which were
then called MW1, 2, 3, 4, 5 and 6 respectively. All bores passed through only sand, except for
MW2 which intersected 0.2m of black silty sand at 2.1mAHD, and MW5 which intersected
black silt at 2.4mAHD. The unconfined water table in the dune sand (replenished from direct
infiltration of rain) is at elevations between about 3.7 – 5.5mAHD, with a coastwards gradient of
about 0.003 to 0.005. The dune system constitutes a local, groundwater recharge system.

Table 1.

Records of drilling for water near the proposed sand extraction project
Source: GES (2013; Table 4) but initially from http://wrt.tas.gov.au/groundwater-info/.
Yield is in L/s

Table 2.

Summary of monitoring bores drilled in 2013 by GES
Source: GES (2013, page 31)

William C Cromer Pty Ltd: Consulting engineering and groundwater geologist
www.williamccromer.com

14

Sattler Pastoral: Anderson Bay Sand Extraction Project
Hydrogeological investigations

16 April 2016

MLA 1975P/M

4844

17513
15598
15599 4842

16544 (MRT Waterhouse monitoring bore)
17619

41319

Grid North
2

0
Approx. km
Figure 2.

Locations of historical water bores near the proposed sand extraction project.
Bore numbers correspond to those in Table 1.
Source: http://wrt.tas.gov.au/groundwater-info/.

2.4 Water budget estimates
2.4.1

Water budget for the Scottsdale groundwater catchment

Harrington and Currie (2008b) used available data to compile a preliminary water budget
(Figure 4) for the Scottsdale groundwater catchment. The estimated annual total inflow to the
groundwater system (principally in the recharge areas to the south) is 150,000ML (150GL). A
significant groundwater loss is about two thirds of this to the gaining streams in the district,
which eventually reports to the coast via the Brid and Great Forester Rivers. The difference
(about 50GL/yr) is made up of evapotranspiration losses via shallow water tables, and
discharge beneath the coast and up into the waters of Bass Strait. Neither of these two
8
volumes is quantified in Figure 4, but a not unreasonable estimate suggests that between
about half and most of it could be groundwater flow beneath the coast. The proposed sand
extraction operations require a net volume of about 0.5GL/yr.

8

From Darcy’s Law, Q = KiA, where Q is flow volume, K = aquifer permeability, I = rate of potentiometric head loss and
A = area of aquifer through which the groundwater moves. Assume K is between about 1 – 2m2/day; i is about 100m
in 20km, and A is a strip of aquifer 20m thick and 10km wide. The resulting flow volumes range from 20 – 40GL/yr.
William C Cromer Pty Ltd: Consulting engineering and groundwater geologist
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BH07

BH11
BH03

BH08

BH02
BH01
Figure 3.

Locations of 2013 groundwater monitoring bores. Locations of boreholes
BH1, 2, 3, 7, 8 and 11 are taken from coordinates shown on log sheets.
Source: Figure 19 reproduced with amendment from GES (2013, page 29)

2.4.2

Recharge to the local unconfined sand aquifer

Recharge to groundwater in the Quaternary dune system is derived almost entirely from
infiltrating rain.
In coastal sands at Nine Mile Beach, Cromer (2003, page 27) estimated that 7% of annual rain
recharged the aquifer. The coastal area at Anderson Bay receives about 750mm of rain
annually, so as a reasonable estimate perhaps 50mm or so infiltrates to the water table. This is
about 0.5ML/ha/yr, or about 125ML/yr over the mining lease.

2.5

Conceptual hydrogeological models

2.5.1

Regional-scale conceptual hydrogeological model

Harrington and Currie (2008b) generated the conceptual hydrogeological model reproduced
here in Figure 5.

2.5.2

Intermediate- and local-scale conceptual hydrogeological model

Figure 6 shows two conceptual hydrogeological cross sections in the vicinity of the proposed
sand mining operations. The key features are:
•

the Great Forester River (and other streams in the district) are gaining water bodies
fed at least partly by upward groundwater flow,

•

the local unconfined aquifer in the dune system recharges adjacent wetlands but is a
very minor component of the overall water budget, and

•

the Tertiary aquifer is the most prospective in the district
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Preliminary water budget for the Scottsdale groundwater catchment
Source: Figure 17 of Harrington and Currie (2008b), reproduced unamended.
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Figure 5.

Conceptual regional-scale hydrogeological model for the Scottsdale
groundwater catchment
Source: Figure 16 of Harrington and Currie (2008b), reproduced unamended.
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Sustainability of groundwater supply for sand extraction operations

The following hydrogeological observations arising from this review relate to the sustainability
of the groundwater supply for the proposed sand extraction operations:
•

available evidence strongly indicates that the proposed sand extraction operations in
the migrating dunes near Lost Farm overlie a groundwater discharge zone at the
2
downgradient end of the 820km Scottsdale groundwater catchment

•

a local-scale groundwater recharge system exists in the Quaternary dune system. It
contributes water to adjacent ephemeral wetlands. Natural rain recharge, estimated at
about 125ML/yr over the footprint of the project, is about 25% of the annual make-up
water required for sand extraction, and about half of the summer water requirements.
Sustainable extraction at the rate of annual recharge would require an evenly-spaced
array of shallow bores over most of the mining lease. The presence of black fine
grained sand and sandy silt in some GES monitoring bores suggests that the saturated
thickness of the aquifer may be limited and therefore not conducive for useful bore
yields.

•

A deeper aquifer underlies the Quaternary dune sand, in mostly Tertiary sediments
overlying granite and fractured sedimentary rocks. For groundwater prospectivity and
sustainability, the Tertiary system is volumetrically much more significant than the local
Quaternary aquifer.

•

a Tertiary deep lead system in the lower aquifer is inferred trending NW beneath MLA
1957P/M, where its base is up to about 60m below sea level

•

the groundwater in the Tertiary aquifer is of low salinity; historical bore yields range
from 2 – 15L/s

•

groundwater flow directions in the Tertiary sediments beneath the coastal zone are
NW, with an upward component feeding the Great Forester River and, if the head is
sufficient, recharging surface wetlands

•

annual flow in the Great Forester River is estimated at about 150GL, sourced from
surface runoff, and (principally in its lower reaches) groundwater discharge

•

annual groundwater flow in Tertiary sediments beneath the coast may be in the range
20 –50GL

•

the proposed mining operations will require about 0.5GL of make-up water annually,

•

as a component of the water budget in the groundwater catchment, the required makeup water is an insignificant volume. Based on the groundwater modelling presented
here, its extraction will have negligible effect on water levels and quality in the Great
Forester River. Ephemeral wetlands recharged mainly by groundwater from the
migrating dunes will also be unaffected provided groundwater extraction points are
located in the Tertiary sediments at sufficient distances from them. With appropriate
management in place, the proposed water use is sustainable irrespective of whether it
is extracted from the river, or from bores screened in the Tertiary aquifer.

.
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Hydrogeological implications arising from the desk top review

Hydrogeological implications for groundwater sustainability for sand extraction operations are:
1

The proponents should first investigate the possibility of obtaining all water required for
mining/shipping from available surface supplies. Surface supplies include the Great
Forester River and its arms on its flood plain, and water in artificial drainage channels
which drain the Tertiary sediments. Assuming that the river cannot supply water
during the summer months, one option would be to pump, during winter, the full annual
volume of make-up water from the river to on-site or near-site surface storage.

2

Groundwater from Tertiary sediments should also be considered as a back-up water
supply (when, for whatever reason, the river cannot provide it) or a primary supply, of
up to 0.5GL/year. To assess this potential, further studies should be conducted near
the site of sand extraction operations to investigate bore yields and aquifer conditions
in the deeper aquifer. Stage 1 of a programme should initially include three drill sites
located in Tertiary sediments as close to the deep lead as possible: at the first site a
nested bore (or two very adjacent bores) would be installed and testing to assess
recharge/discharge conditions; at the second nearby site an exploratory “production
hole” would be drilled, logged, sampled, screened and pump tested, and at the third
site, also nearby, a monitoring bore would be drilled to act as a water level observation
bore to the pumped bore. Bores should also be installed in the shallow surface aquifer
to monitor groundwater conditions adjacent to ephemeral wetlands/

3

The field work in 2 above should be followed by a detailed analysis (preferably
including numeric computer modelling). The results will indicate whether additional
groundwater drilling and monitoring is warranted to sustainably provide up to about
0.5GL/year of make-up water.
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PART B
3

FIELD INVESTIGATIONS

3.1

Introduction

3.1.1

Scope of field investigations

Arising from the desk top review described in Part A, field investigations were conducted in
February – March 2016 and included:
•

the installation of monitoring bores at four sites on a rough northwest – southeast
transect through the proposed sand extraction area: two of the bores (one with a
nested pair of screens) were collared in Tertiary sediments, one was located in
Quaternary sands adjacent to an ephemeral wetland, and one was sited in Quaternary
sands closer to the coast

•

the installation of digital water level loggers in all four monitoring bores, and

•

sampling and analysis of several surface waters, and groundwaters from all four
monitoring bores

Part B of this report presents and discusses the results of this work. It also comments briefly on
the Scottsdale Basin numeric groundwater model, which was prepared by consultants in 2008
on behalf of the Tasmanian state government, and which may be applied to groundwater use
and water balance considerations for the sand extraction project.
The potential impacts on groundwater extraction on ephemeral wetlands of conservation value,
and disturbance of Potential Acid Sulphate Soils (PASS), are also discussed.

3.1.2

Compilation map of bores and sampling points

Figure 7 is a satellite image of the southern part of Mining Lease ML 1957P/M showing:
•

Ephemeral wetlands around the proposed sand extraction area

•

The locations (and uncertainty of locations) of groundwater bores drilled mainly by the
then Department of Mines in the 1970s: these data are from Table 1 in Part A

•

Contours (depths below sea level) of the base of the Tertiary sediments in the area,
extrapolated from the 1970s drilling program; the deepest contours define the Tertiary
Deep Lead system

•

Exploration bores drilled by GES in 2013 to assess sand thickness and texture, and
(where encountered) groundwater levels; these data are from Table 1 in Part A

•

The locations of groundwater monitoring bores at four sites drilled in February 2016 for
the present report; bore WCC 1(a) and WCC 1(b) were cased in the same hole and
sealed from each other to investigate variations in hydraulic head at different levels in
the Tertiary aquifer
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•

The locations of digital water level recorders – at all four sites, and at the bridge over
the Great Forester River on the road joining the Barnbougle and Lost Farm Golf
Courses

•

Surface water and groundwater sampling locations in the February 2016 sampling
event

3.2

Groundwater monitoring bores, February 2016

Groundwater monitoring bores were designated WCC 1, WCC 2, WCC 3 and WCC 4. Their
locations are shown in Figure 7.
Hydrogeological bore logs and photographs of the bores are presented in Attachment 3.
Digital water level loggers were installed in each bore and water levels were measured hourly
commencing on 12 February 2016 at locations WCC 1 and WCC 2, and on 24 February 2016
at locations WCC 3 and WCC 4.
Bore WCC 1 was drilled to 16m in Tertiary sediments, and a nested pair of 0.5m long
9
screens was installed at 2 – 2.5mbg and 15 – 15.5mbg to assess to what degree
groundwater recharge or discharge conditions were present. The nested screened
bores at WCC 1 are termed WCC 1(a) and WCC 1(b).
Bore WCC 2 was drilled to a depth of 4.0mbg, and screened and cased, to monitor
water levels and quality in Tertiary sediments near a transverse migrating sand dune.
Bore WCC 3 was drilled to 6.0mbg in Quaternary sediments, and cased to 3.7mbg, to
investigate groundwater levels and quality adjacent to an ephemeral wetland.
Bore WCC 4 was drilled to 4.0mbg in Quaternary sediments and cased to 3mbg, to
investigate groundwater levels and quality adjacent to the proposed water return
pipeline from the offshore ship loading platform.
It is intended that if groundwater investigations proceed to the next stage, a trial production
bore would be installed in the vicinity of WCC 1, which, together with WCC 2, would serve as
observation holes during pump testing.

3.3

Monitoring of groundwater levels, February – March 2016

Preliminary data from mid February to late March 2016 are available from the digital water
level recorders set up to monitor hourly water table changes in monitoring bores WCC 1(a),
WCC 1(b), WCC 2, WCC 3 and WCC 4. Readings were corrected for atmospheric pressure
effects using hourly data from a digital barometric logger installed at the surface near WCC 2.
Results (Figure 8) are summarised as follows:
•

9

Depth to groundwater [Figure 8(a)] ranges from about 1.5mbg to 3.5mbg. The deepest
water table is in WCC 1(a) and WCC 1(b), which is also the highest of the four
monitoring sites at almost 11mAHD. The shallowest water table is in WCC 4, closest to
the coast (site elevation 2.1mAHD).

mbg = metres below ground
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Mining Lease ML 1957P/M, exploration drill holes, groundwater monitoring bores
and the Tertiary deep lead in the Barnbougle – Lost Farm area
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Figure 8(a)

Figure 8(b)

Figure 8

•

Water table variations (and daily rain) in monitoring bores WCC 1(a), WCC 1(b), WCC 2,
WCC 3 and WCC 4 for the period 11 February – 20 March 2016. Water levels in bores
were recorded at hourly intervals by digital loggers. Figure 8(a) plots depth to water,
and Figure 8(b) plots water table elevation (m AHD).

All five records show that in the absence of rain, the water table fell. The rate of fall
decreases as the depth to water increases. At site WCC 1, the fall was about 1mm/day
over the 40-day recording period; at WCC 2, it was about 1.8mm/day, and at WCC 3
and WCC 4, about 1.8 – 2mm/day.

William C Cromer Pty Ltd: Consulting engineering and groundwater geologist
www.williamccromer.com

Sattler Pastoral: Anderson Bay Sand Extraction Project
Hydrogeological investigations

3.4

25
16 April 2016

•

All five records show that in the presence of rain, the water table rose. The extent and
rate of rise decreases as the depth to water increases. Of the nine recorded rain days,
4 were of 1 – 2mm and had no noticeable effect. The 10mm of rain on 11 March raised
the water table in WCC 3 and WCC 4 by about 40mm. The 21mm of rain on 25
February also affected only WCC 3 and WCC 4, raising the water table some 30 –
37mm. The 105mm or so of rain which fell over the 18 and 19 March had a very slight
effect on site WCC 1, a 75mm effect at WCC 2, and 260mm at WCC 3 and WCC 4.

•

The apparent 100mm water level rise in WCC 2 on 18/19 February in the absence of
any rain is unexplained.

•

Figure 8(b) depicts the same data as Figure 8(a), but plotted as elevations of the water
table in metres AHD, rather than depth to water. These results show an apparent
northerly (seawards) water table gradient, from 7.2mAHD at WCC 1, to 0.5mAHD at
0
WCC 4. The overall gradient between WCC 1 and WCC 4 was 0.0033, or 0.19 . The
0
gradient between WCC 1 and WCC 2 was 0.004 (0.24 ), between WCC 2 and WCC 3
0
0
was 0.0028 (0.16 ), and between WCC 3 and WCC 4 was 0.0037 (0.21 ).

Groundwater conditions at monitoring bore WCC 1

Nested monitoring bores WCC 1(a) and WCC 1(b), screened over short intervals at different
depths (15 – 15.5m, and 2.5 – 3m respectively) in the same aquifer were designed to test
whether recharge, discharge or intermediate groundwater conditions existed in the Tertiary
aquifer in accordance with the inset diagrams in Figure 1. A water table (ie piezometric head)
in deeper bore WCC 1(a) higher than in shallower bore WCC 1(b) would indicate a discharge
zone (heads increasing with depth). The reverse would indicate a recharge zone (heads
decrease with depth). Very similar water levels would indicate an in-between situation, with
near-horizontal flow lines and near-vertical equipotential surfaces.
Figure 9 shows the water level changes in both bores over the 11 February to 20 March
monitoring period. The shallower bore WCC 1(b) showed higher water levels over most of the
monitoring period, but the difference is decreasing with time, from about 28mm on 11 February
to about 5mm on 21 March (with a brief period on 19 March where the shallower bore showed
a lower water level). The water level difference is very small compared to the different levels of
screen settings (say, 12m) with a head gradient varying between (say) 28mm/12m = 0.002 and
28mm/12m =0.0004 – similar to the gradients calculated in Section 3.3..
These data from the nested bore show that groundwater flow lines are almost horizontal
(equipotential lines almost vertical) beneath the site.

3.5

High frequency water level fluctuations

Water level fluctuations with a period between about 0.5 – 0.6 days are clearly evident in the
logger data for monitoring bores WCC2, WCC3 and particularly WCC 4 (Figures 10 and 11).
These fluctuations, of amplitude of 20 – 30mm, are interpreted as earth tide effects originating
10
from lunar and solar influences .

10

Lunar and solar orbits induce cyclic gravitational elastic strain (earth tides) in earth materials. In the case of aquifers,
the aquifer is deformed, there is a vertical diffusion of groundwater pressure through it, and diffusion of pressure
between the aquifer and a monitoring well. For a detailed discussion, see, for example, Rojstaczer, S and Riley, S
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Water table variations corrected for atmospheric pressure variations (plotted with
daily rain) in monitoring bores WCC 1(a) and WCC 1(b) for the period 11 February –
20 March 2016 suggest intermediate groundwater conditions, with near-horizontal
flow lines

3.6

Surface water and groundwater sampling events, February 2016

3.6.1

Background
11

Surface water and groundwater were sampled in two separate events in February 2016: The
first event was on 10 and 11 February, and the second on 23 and 24 February, 2016.
Field parameters (pH, electrical conductivity, oxidation-reduction potential, dissolved oxygen,
turbidity and temperature) were measured at each sampled location during sampling. The
calibration certificates for the water quality meter are included in Attachment 4.
Samples were analysed by Australian Laboratory Services (ALS) in Melbourne for the following
analytes: pH, electrical conductivity, hardness, alkalinity, major ions (sulphate, chloride,
bicarbonate, calcium, magnesium, sodium, potassium), fluoride, eleven trace metals, and
nutrients
The Chain of Custody Forms which accompanied each batch of samples to ALS are included
in Attachment 4. The ALS Certificates of Analysis for each event are presented in Attachment
4.

(1990). Response of the Water Level in a Well to Earth Tides and Atmospheric Loading Under Unconfined Conditions.
Water Resources Research 26(8); pp 1803-2827. http://www.stuartr.com/wrr1990.pdf
11
The district is a discharge groundwater zone. “Surface water” in open drains and waterholes is mainly shallow
groundwater, and even the water in the tidal zone of the Great Forester River will have a groundwater component from
beneath.
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WCC2

WCC3

WCC4

Figure 10

Detail of water table variations corrected for atmospheric pressure variations
(plotted with daily rain) in monitoring bores WCC 2, WCC 3 and WCC 4 for the
period 11 February – 20 March 2016. The high frequency variability is interpreted
as due to earth tides induced by lunar and solar gravitational effects.
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WCC1(a) and WCC1(b)

WCC4

Figure 11

3.6.2

Detail of water table variations corrected for atmospheric pressure variations in
monitoring bores WCC 1(a) and WCC 1(b), and WCC 4 for the 3-day period 27
February – 29 March 2016. The almost diurnal fluctuation of amplitude 20 – 30mm
in WCC 4 [less in WCC 1(a) and WCC 1(b)] is an earth tide effect with a period of
about 0.5 – 0.6 days, and is probably mostly lunar in origin.

Sample locations, water types and field parameters

Figure 12 shows the locations of water samples collected during the two sampling events.
Table 3 summarises the locations, types and field parameters of water samples.
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NETS WCC 3
From 3.5m depth in bore
WCC3 in Quaternary
sediments

NETS WCC4(a) and (b)
From 3.5m depth in bore
WCC4

NETS PIT A
From water table (0.1m depth)
in water hole A near WCC3 in
Quaternary sediments
NETS WCC2
From c3mbg in shallow bore
WCC2 in Quaternary
sediments
NETSWCC1(a)
From c15+mbg in deep
nested bore WCC1(a) in
inferred Tertiary sediments
NETSWCC1(b)
From c3mbg in shallow
nested bore WCC1(b) in
inferred Tertiary sediments

NETS(S)1
From open drain
excavated in inferred
Tertiary sediments

NETS(G)2
Treated groundwater from
production spear bores in
inferred Quaternary dunes
NETS(S)2
Surface water from arm of
Great Forester River; used
for golf course irrigation

NETS(G)1
Untreated groundwater
from production spear
bores in inferred
Quaternary dunes

NETS 16544
From c9-10mbg in
monitored telemetry bore
(DPIPWE ID16544) IN
INFERRED Tertiary
sediments on Manuka
Park. Hole reportedly
originally 36m deep but
silted up to about 10mbg

F
Grid North
2

0
Approx. km
Figure 12

3.6.3

Locations of water samples collected during sampling events 1 (10 – 11 February
2016) and 2 (23 and 24 February 2016). The location of section line E – F
presented as Figure 17 is indicated.

Summary of sampling results

Tables 4 and 5 summarise the results of laboratory analyses for the two sampling events.

3.6.4

Piper diagram of water analyses

Figure 13 is a Piper Plot of cations and anions for all water samples. Two types of samples are
indicated by the red and blue ovals on the plot – a calcium bicarbonate type, and a
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predominantly sodium chloride type with negligible bicarbonate but variable concentrations of
calcium, magnesium and sulphate.
The presence of two water types implies two water sources and two aquifers.

3.6.5

Pie charts of water analyses

Figures 14, 15 and 16 further demonstrate the separation into two water types. It is also
apparent that the calcium bicarbonate waters are from Quaternary sediments, and the
dominantly sodium chloride waters are from materials inferred to be Tertiary in age.

3.6.6

Electrical conductivities of the waters

From Tables 4 and 5 and Figure 14, the three electrical conductivities (ECs) of waters from
Quaternary sediments are relatively constant (range 746 – 938µS/cm; average 827µS/cm).
From Tables 4 and 5, and Figures 15 and 16, the seven ECs of waters from the Tertiary
sediments range from 310 to 1,880µS/cm; averaging 756µS/cm. (If the outlying value from
WCC4 is omitted, the range is reduced to 310 – 898mS/cm, and the average to 568mS/cm.)
These preliminary data are insufficient to determine whether there are distinctly different ECs
between the two water types and sources. However, the waters are distinguished by their
relative abundances of major ions.
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Table 3

Locations, types and field parameters of water samples
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Table 4

Summary of water analyses for sampling event 1 (10 and 11 Feb 2016)
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Table 5

Summary of water analyses for sampling event 2 (23 and 24 Feb 2016)
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Figure 13. Piper diagram of all water analyses from Events 1 and 2. The arrows join samples NETS(G)1 and
NETS(G)2; the former is a groundwater sample from production spear bores in the Quaternary dunes, and the
latter is the same sample treated in the Lost Farm treatment system for human consumption. (The main treatment
change shown here is the replacement of calcium and magnesium with sodium.) The red ovals enclose shallow
groundwater in the production spear bore, in bore WCC 3 and an adjacent test pit/waterhole (“Pit A”), all of which
are predominantly calcium bicarbonate waters. The blue ovals enclose all other samples, which are
predominantly sodium chloride waters in inferred Tertiary sediments.
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Figure 14

Cl
Na
K

HCO3

HCO3

Pie charts of calcium bicarbonate type waters from inferred Quaternary
sediments in the Lost Farm area. Sample NETS(G)1 is a groundwater sample
from production spear bores in the Quaternary dunes, and sample NETS (G) 2
is the same sample treated in the Lost Farm treatment system for human
consumption. (The main treatment change shown here is the replacement of
calcium and magnesium with sodium.) The two bottom samples were
collected about 30m apart. NETS Pit A is from a test pit dug in an ephemeral
wetland. All samples reflect the passage of groundwater through aeolian
sands with elevated calcium and bicarbonate.
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Figure 15

Ca

Cl

Pie charts of sodium chloride dominant waters with subordinate bicarbonate
but varying proportions of calcium, magnesium and sulphate. All but the
bottom right are inferred to be waters mainly from Tertiary sediments.
NETS(S)1 is from an open drain with a shallow water table; NETS(S)2 is from
an arm of the Great Forester River. NETS WCC2 was drilled in inferred Tertiary
sediments. The sample from NETS WCC4, located some 1.3m NW of WCC2,
and 600m NW of WCC3, has a similar “Tertiary” signature although the bore
was drilled in inferred Quaternary sediments. This may be an instance of nearcoast upward flow of groundwater from a discharge zone in Tertiary
sediments.
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Cl

Pie charts of sodium chloride dominant waters (similar to the samples in
Figure 15) with subordinate bicarbonate but varying proportions of calcium,
magnesium and sulphate. All but the bottom right (typical seawater) are
inferred to be waters mainly from Tertiary sediments. The top two charts are
from the nested bores at WCC 1, from c15m and c3m respectively. NETS
16544 is a sample from bore 16544 at Manuka Park, drilled in Tertiary
sediments about 1km to the south.
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DISCUSSION

4.1

Refining the initial conceptual hydrogeological model

4.1.1

General comments

Figure 17 is a slightly revised version of the initial conceptual hydrogeological model presented
as Figure 6 in Part A. The Part B field investigations (particularly the water level data) have
enabled some refinement of groundwater flow and equipotential lines, but as a general
comment, Figure 6 remains largely unchanged.

4.1.2

Salient features of the revised model

Important observations and inferences from the field investigations and from Figures 6 and 17
are:
•

At regional and intermediate scales, the groundwater system at this northern, coastal
end of the Scottsdale Basin is a discharge system.

•

The Great Forester River is shown as a gaining stream from regional and or
intermediate-scale groundwater flow; modelling by others suggests the discharge to
the river is volumetrically a significant proportion of its annual flow

•

At a local scale, the system displays recharge conditions adjacent to the Great
Forester River flood plain; the recharge to the river from this source is probably
volumetrically insignificant

•

Groundwater at the base of the transgressive dunes recharges adjacent wetlands

•

There are two groundwater types – a mainly calcium bicarbonate type originates in the
Quaternary dune system, and a mainly sodium chloride type is typical of the Tertiary
sediments

•

Just as there are two water types, there are two unconfined aquifers: the Quaternary
dune system, and the Tertiary sediments. The aquifer in the dunes is aerially limited to
the footprint of the dunes, receives water only from infiltrating rain, and the stored
groundwater volumetrically insignificant compared to that in the underlying Tertiary
aquifer

•

There is no extensive aquitards or aquicludes separating the two aquifers, but there is
apparently only limited mixing and hydraulic connection

•

Groundwater from both systems discharges to Bass Strait at the coast and also
offshore. The volume of discharge is estimated to be orders of magnitude larger than
that required for the proposed sand extraction operation.
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Revised conceptual hydrogeological model for the Lost Farm area. The location is
shown in Figure 12. Compare to Figure 6. Selected pie charts of water quality are
from Figures 14, 15 and 16.
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Groundwater dependent ecosystems

Groundwater discharge systems create groundwater dependent ecosystems. Figure 17
suggests that the dependency includes groundwater from both aquifers, but that from the
Quaternary aquifer is the more significant in relation to wetland ecosystems, albeit being of
local scale.
The latter observation is illustrated by conditions near WCC 3 (Figure 17), where a local
gaining system occurs when the water table in the adjacent dunes has sufficient head to
discharge to the nearby wetlands and produce free-standing water.

4.3

Rate of movement and age of groundwater in the Tertiary aquifer

With current knowledge it is possible to provide rough estimates of the rate of movement of
groundwater in the Tertiary aquifer beneath the Barnbougle – Lost Farm area. With a gradient
measured at about 0.003, and estimated ranges for permeability (10 – 20m/day) and effective
porosity (0.2, or 20%), the rate of movement is in the range 0.15 – 0.3m/day (50 –
12
100m/year) .
No studies have been done on the age of the water in the Tertiary sediments, but a rough
estimate of up to 300 – 600 years is obtained from a flow path of (say) 30km and a rate of flow
of 50 – 100m/year.

4.4

Water volume estimates before and during sand extraction

4.4.1

Existing scenario

Figure 18a provides estimates of the annual volumes of groundwater present in and moving
through the Quaternary and Tertiary aquifers, based on the water balance estimates discussed
in Section 2.3 of Part A. Volumes have been rounded.
Apparent from Figure 18a is that the groundwater volumes moving through the Quaternary
aquifer are estimated to be about 0.1% of the volume moving coastwards through the Tertiary
aquifer, and to the gaining streams in the district. The volumes estimated to be currently
irrigated annually – principally from the Great Forester River system – are about 1% of the
groundwater gained by the river system from the Tertiary aquifer.

4.4.2

Proposed sand extraction operations

Figure 18b superimposes the estimated process water usage during sand extraction
operations on the existing scenario. Volumes have been obtained from Section 1.2 in Part A.
The operations are estimated to use a net 0.5GL/year, which is of the order of 1% of the
overall volumes of groundwater stored and moving through the Tertiary aquifer.
Three potential sources of operational process water are available, and one or more of them
might be employed in varying proportions depending on seasonal availability:

12

From Darcy’s Law, the velocity of flow (V) is given by V = Ki/θ, where K = permeability, i is the hydraulic gradient,
and θ is the effective porosity.
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Estimated groundwater volumes in the Quaternary and Tertiary aquifers, compared
to current irrigation volumes (Figure 18a), and the estimated volume of net process
water for sand extraction operations
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•

Source A: the Great Forester River system

•

Source B: unlined excavation(s) in Tertiary materials exposing the water table

•

Source C: one or more extraction bores tapping groundwater in the Tertiary aquifer

A water storage is required to accept recycled water returning from the offshore floating
platform. The storage is expected to be located in the vicinity of monitoring bore WCC 4. It will
be a lined facility, of about 10ML, with a base at or above the level of the water table so as not
to affect groundwater conditions.

4.5

Possible effects of process water extraction on groundwater dependent
ecosystems (wetlands)

As discussed in Section 4.4, annual process water used in sand extraction will be obtained
from any or all of three possible sources, all of which are recharged (under discharge
conditions) from the Tertiary aquifer.
Source A is at least a kilometre away from the nearest wetland and pumping will not affect its
groundwater conditions.
Sources B and/or C will be located on Tertiary sediments at site(s) designed to produce
acceptably low effects (if any) on groundwater conditions at the nearest wetlands. The site(s)
will be determined by aquifer (pump) testing of a test bore in the vicinity of monitoring bores
WCC 1 and WCC 2
.

4.6

Potential Acid Sulphate Soils (PASS)

4.6.1

Published maps

The sand extraction project will occur in a coastal area, mostly below the 20m elevation
contour. Published maps (Figure 19) suggest the potential for acid sulphate soils in the area is
mostly in the extremely low to low range (in areas underlain by migrating Quaternary dunes
and Tertiary sediments), with a small area near monitoring bore WCC 4 (on Quaternary
sediments) in the high range.
4.6.2

Field observations relevant to PASS

Logs of monitoring bores WCC 3 and WCC 4 (Attachment 3) suggest that the most likely
candidates for acid sulphate generation might be the dark grey to black, organic silty sand at 1
– 1.5mbg (4.8 – 4.3mAHD) in WCC 3, and the dark grey sand below about 2.5mbg (below 1mAHD; with at least one lens of silty sand at 2.7 – 2.9mbg) in WCC 4.
In monitoring bore WCC 3, the groundwater had a field-measured dissolved oxygen content of
0
5.6mg/L at a temperature of 20 C. This equates to 65% saturation. Groundwater exposed in
the nearby test pit (“Pit A”) had a field-measured dissolved oxygen content of 4.1mg/L at a
0
temperature of 27 C. This equates to 60% oxygen saturation.
Laboratory analysis (Table 5) returned a sulphate level of <1mg/L and 7mg/L respectively in
groundwater WCC 3 and Pit A.
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In monitoring bore WCC 4, the groundwater had a field-measured dissolved oxygen content of
0
6.5mg/L at a temperature of 20 C. This equates to 80% saturation. Groundwater exposed in a
nearby test pit had a field-measured dissolved oxygen content of 4.5mg/L at a temperature of
0
26 C. This equates to 65% oxygen saturation.
Laboratory analysis (Table 5) returned a sulphate level of 69mg/L and 70mg/L respectively in a
duplicate pair of groundwater samples from WCC 4.
GDA94
541000mE

Potential for acid sulphate soil

1957 P/M

WCC 4

GDA94
5462000mN

WCC 3

1957 P/M
1957 P/M boundary

WCC 2
WCC 1(a), 1(b)

Grid North
1

0
Approx. km
Figure 19

Published potential for acid sulphate soils in the vicinity of MLA 1957 P/M. Shown
also are monitoring bores WCC 1, WCC 2, WCC 3 and WCC 4.
Source for base map: www.thelist.tas.gov.au

4.6.3

PASS assessment

Several observations are relevant in a PASS risk assessment:
•

all PASS are currently buried and submerged

•

dissolved oxygen readings in groundwater indicate the groundwater to depths of up to
3m or so are already oxygenated, so that any sulphide initially present is now likely to
be sulphate (for example, the 70mg/L in the WCC 4 groundwater)

Field observations allow the risk assessment to progress to at least Step 5 in Figure 20
(adapted from the undated DPIPWE publication Tasmanian Acid Sulphate Soil Management
Guidelines), where disturbance of PASS is regarded as unlikely but acknowledged as possible
in the low lying areas west of and including sites WCC 3 and WCC 4 – only if the soils are
disturbed. Disturbance is less likely at WCC 4, where the PASS materials are at depths of at
least 2.5mbg (below -1mAHD), compared to about a metre below ground at WCC 3.
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An ASS Management Plan

An ASS Management Plan for the proposed sand extraction operations should focus on
avoiding the disturbance of PASS by:
•

not excavating water storage facilities below the water table in the area between and
adjacent to sites WCC 3 and WCC 4, and west to the coast, and

•

not excavating pipeline routes deeper than the water table in the same areas

NETS sand extraction project

Avoidance

possible

Figure 20

Design

Acid Sulphate Soil assessment of the NETS sand
extraction project. The pathway for the project is shown
in red.
Adapted from Figure 3 of Tasmanian Acid Sulphate Soil Management
Guidelines, DPIPWE (undated)

4.7

Groundwater management

Management of the Tertiary and Quaternary aquifers currently comprises the series of digital
water level loggers in strategically-located monitoring bores WCC 1(a), WCC 1(b), WCC 2,
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WCC 3 and WCC 4. A logger has also been placed in the Great Forester River, but data are
yet to be downloaded.
The logger in WCC 3 is ideally located to monitor the water table immediately adjacent to a
wetland.
A management plan will be drawn up so that groundwater levels can be compared to rainfall
and process water use, and the sources of the latter modified so as to maintain operationsinduced water level changes (if any) in the Quaternary aquifer to acceptable levels.
An additional facet of groundwater management may be the refinement of the existing
Scottsdale Basin computer model (see below).

4.8

The Scottsdale Basin computer groundwater model

A computer groundwater model was developed in 2008 of the Scottsdale Groundwater Basin
as part of the National Sustainable Yields Initiative. The objective of the Imitative was to
determine the long-term sustainability of the main groundwater catchments in Australia.
The Scottsdale groundwater model considered the Brid and Great Forester River catchments.
Analysis reviewed current and future irrigation and forestry conditions in the Basin, and found
the then current groundwater resources of the region were underutilised – to the extent that
significant changes to the overall water balance would have ot occur before any changes to the
hydraulic regime became apparent.
The model is held in the Tasmanian Department of Primary Industries, Parks, Water and the
Environment (DPIPWE). DPIPWE provided access to the model for review for this report. The
review found that:
•

The model is suitable for broad-scale impact assessment (eg +/-2 – 5km accuracy)
and simplified water movement from the catchment to the main Tertiary aquifer and
the subordinate Quaternary aquifer

•

The model is not suitable for sub-regional or individual site impact assessment due to
the simplification of the hydrogeology and the coarse scale of the groundwater blocks
it uses

•

The model does not operate in an equilibrium steady) state; instead, it only runs in a
time varying state, a condition which is unstable and which requires considerable
modification to accurately assess land and groundwater use changes

Accordingly, the model should be used as a guide only, and a more detailed and stable model
developed for the Basin. Specification of such a model would depend on the objectives of the
modelling, but it might include interaction with wetlands (ie groundwater dependent
ecosystems), perched aquifers in dune systems, groundwater pumping, saltwater-freshwater
interfacing (density corrections) and the basement aquifer.

William C Cromer Pty Ltd: Consulting engineering and groundwater geologist
www.williamccromer.com

Sattler Pastoral: Anderson Bay Sand Extraction Project
Hydrogeological investigations

5

46
16 April 2016

RECOMMENDATIONS

To aid in refining the concepts discussed in this report, and to sustainably manage
groundwater conditions for the proposed sand extraction operations, it is recommended that
•

Digital water level monitoring in bores and the Great Forester River should be
reviewed on a regular basis (quarterly or half yearly) and continued as necessary to
enable appropriate management of the groundwater resources.

•

A test production bore (potential Source C) should be installed between existing bores
WCC 1 and WCC 2, and pump tested (to provide aquifer properties) using the latter
bores as drawdown monitoring bores.

•

The Scottsdale Basin computer model should be upgraded and used to test various
groundwater scenarios in relation to the proposed sand extraction project.

•

A surface water and groundwater management plan should be formulated for the sand
extraction operations. The plan should focus on monitoring sustainability indicators
such as groundwater and surface water levels compared to water usage rates, water
quality, and minimising or avoiding PASS disturbance.
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Attachment 1
(8 pages including this page)
The Scottsdale Groundwater Catchment
Location, extent, rainfall, surface drainage, major hydrological features, groundwater salinity,
bore yields, location and base of Tertiary deep leads, and groundwater potentiometric surfaces

Sources: www.thelist,.tas.gov.au (next page), and Figures 2, 5, 7, 8, 9 and 15 (with minor modification to include
labelling and the location of MLA 1957P/M) from Harrington, G. and Currie, D. (2008b). Development of Models for
Tasmanian Groundwater Resources: Conceptual Model Report for Scottsdale. Report prepared by Resource &
Environmental Management Pty Ltd and Aquaterra Consulting Pty Ltd for the Tasmanian Department of Primary
Industries and Water, December 2008
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Attachment 2
(4 pages)
Groundwater principles

Origin of groundwater
All earth’s water was formed deep underground by magmatic processes, and has over aeons been
released at the surface and on ocean floors by volcanism. The mechanism continues today. With the
exception of this ‘new’ water, all groundwater is derived from that part of precipitation which, after surface
runoff and evaporation, infiltrates the soil. Some of the infiltrating water is transpired by plants, some is
drawn upward by capillary action and evaporated, and some remains indefinitely in microscopic voids in
the soil profile. During and after continuous and wetting rain, the remainder infiltrates downwards,
intermittently and successively saturating the material through which it passes, until the water reaches the
zone of saturation. Here, the soil or rock voids (openings) are completely filled with water. The water is
then called groundwater, and the upper surface of the zone of saturation is known as the water table.
The water table is usually a subdued replica of the land surface, being almost flat under gently undulating
ground and deeper and sloping under hills.
The proportion of rain infiltrating into the soil is very variable, ranging from a few percent on steep, rocky
slopes, to perhaps 50% or more in sandy or gravelly areas with little runoff. The proportion also changes
seasonally, and infiltration would be expected to be a maximum when evaporation is least – at night in
winter. Of the water which enters the soil, only a fraction avoids transpiration or retention in soil voids,
and infiltrates to the water table.
Groundwater is therefore a part of the general hydrological cycle, and is directly related to the surface
movement of water.

Unconfined and confined aquifers
An aquifer is a body of rock, or unconsolidated material such as sand, capable of supplying useful
amounts of groundwater. An aquifer has two purposes: it stores, and transmits, groundwater. The
relative importance of each function is determined by the nature of each aquifer. Some aquifers (eg hard
sandstone) may store only a small amount of water in a network of thin fractures, but might transmit it
freely, and remain reliable suppliers, if the fractures are sufficiently interconnected. Other materials like
fine-grained and porous clays may contain larger amounts of water, but yield only small amounts
because the water is not transmitted easily through their microscopic voids.
Aquifers may be unconfined, confined or semi-confined. An unconfined or water table aquifer exists in
unconsolidated sediments or hard, fractured rock whenever the water table is in contact with air at
atmospheric pressure. Unconfined aquifers therefore receive recharge from infiltrating rain over their full
areal extent. Groundwater in a bore tapping an unconfined aquifer is encountered at the level of the
water table. A bore drilled into an unconfined fractured rock aquifer may remain dry to depths below the
13
water table if no water-bearing fractures are intersected , but once they are, the water will rise to the
level of the water table. Since fractured rock aquifers are largely solid, dry rock separated by a network
of fractures, it is possible for two bores side by side to yield different amounts of water, or either or both
might remain dry.
A confined aquifer is a saturated, permeable zone bounded above and below by relatively impermeable
materials (rock or soil). The zone therefore cannot receive recharge by directly infiltrating rain, but must
get it from a recharge area elsewhere, where the permeable zone is exposed at the land surface, and
where at least local unconfined conditions exist. The infiltrating groundwater in the zone of recharge
moves crossgradient or downgradient beneath the confining impermeable layer. The water in confined
zones of aquifers is therefore not in contact with the atmosphere, and is at a pressure greater than
atmospheric. Water in bores tapping confined aquifers rises up the bore under pressure, and may
overflow at the land surface. If the water in the bore rises above the land surface (so that groundwater
flows without the need for a pump), the groundwater (and the bore) are said to be artesian. If the
groundwater rises but not sufficiently for the bore to flow, the groundwater is sub-artesian.
A semi-confined aquifer receives vertical groundwater leakage from a higher aquifer down via a semipermeable (rather than impermeable zone) zone separating them.
It is possible for an aquifer to be unconfined in one part of it, confined in another, and semi-confined
elsewhere. The zone of confinement or semi-confinement may be relatively small, so that locally the
aquifer behaves in a confined manner, but on a broader scale, unconfined conditions dominate. An
example is a fractured hard rock aquifer where water is contained only within joints and similar defects
which extend and are open to the land surface, separated by impermeable rock where no water is

13

At this local scale, groundwater conditions are confined.
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present. The water in the joints is unconfined. Drilling through the rock produces no water, which is only
struck (and which rises to the level of the water table) when a water bearing fracture is intersected.

Storage capabilities of fractured rock aquifers
Groundwater in fractured rock aquifers is stored in fractures within the rock mass. Usually, the volume of
fractures as a proportion of the rock mass is low, and commonly less than a few percent.
These aquifers therefore often have low storage capabilities, in comparison to unconsolidated aquifers
like coastal sands. In these materials, the water is stored in voids between the sand grains, and the voids
are interconnected (ie the aquifer is intergranular). The voids may constitute from 25% to 35% of the
volume of sand (ie the porosity, θ, of the sand is 25% to 35%, or 0.25 to 0.35 expressed as a fraction).
Each cubic metre of saturated sand below the water table therefore contains 250L to 350L of
groundwater.

Primary and secondary porosity
The voids between sand grains in a coastal sand body, or the vesicles in otherwise hard basalt, for
example, constitute primary porosity, because they were formed at the same time as the sand was
deposited, or the basalt flowed as lava. As the sand becomes progressively cemented and consolidated
in the process of becoming hard rock, the primary porosity is reduced. Most hard rocks have very little
remaining primary porosity. However, if the hard rock becomes fractured and otherwise jointed, the
fractures constitute secondary porosity.

Groundwater gradient
Groundwater is rarely stationary. It moves in response to gravity, and hydrostatic and lithostatic
pressures, from recharge areas to discharge zones. Discharge occurs wherever the water table
intersects the land surface in springs, swamps, rivers and the sea, provided the water table slopes
towards the feature. If the water table is lower than the feature, water may flow from the spring or river to
14
the groundwater body. The slope of the water table is called the water table gradient , which determines
the direction and rate at which groundwater moves. The greater the gradient, the more rapid the flow.
Groundwater usually flows in the direction of steepest gradient.

Aquifer hydraulic conductivity and transmissivity
Hydraulic conductivity (symbol K) is a measure of how readily an aquifer transmits water, and is defined
as the rate at which groundwater will flow from a unit area (eg one square metre) of aquifer under a unit
3
2
gradient (ie the gradient is 1). It is expressed as cubic metres per day per square metre (m /day/m ,
which reduces to m/day).
Permeabilities of fractured rock aquifers are a function of the intensity of fracturing, their openness, and
the degree to which they interconnect. Since these features are often very variable, hydraulic
conductivity also varies widely. Typical ranges for fractured, hard rock might be 0.01 – 100m/day.
Transmissivity (T) is defined as the product of hydraulic conductivity and saturated aquifer thickness, and
is therefore the rate at which groundwater will flow from a vertical, one-metre wide strip of the aquifer
under a unit hydraulic gradient.

Volume of groundwater flow
The groundwater flow through a unit area (eg one square metre) of an aquifer is determined by the
aquifer hydraulic conductivity and the water table gradient, and is calculated from Darcy’s Law: Flow =
hydraulic conductivity x gradient.

Rate of groundwater travel
The rate at which groundwater travels through an aquifer is determined by the aquifer hydraulic
conductivity, the water table gradient, and the aquifer porosity (expressed as a fraction). Rate of flow =
15
hydraulic conductivity x gradient ⁄ effective porosity .

Groundwater quality
Groundwater acquires soluble matter from the aquifer in which it is stored, and through which it moves.
Generally, the longer the water remains in the aquifer, the more soluble constituents it acquires, and the
poorer its quality. So, other things being equal, aquifers with relatively high hydraulic conductivity tend to
have better quality water than low hydraulic conductivity aquifers. Also, other things being equal, better

14

The gradient is usually expressed as the difference in elevation of the water table between two points, divided by the
distance between them. For example, a fall of one metre in water table elevation over a horizontal distance of 50
metres is a gradient of 1:50 (ie 0.02, expressed as a fraction).
15
For example, if the aquifer permeability is 2m3/day/m2, the gradient is 0.01 and the effective porosity is 0.1, the rate
of flow would be 2 x 0.01 ⁄ 0.1 = 0.2m/day.
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quality groundwater is found in aquifers in high rainfall areas, where groundwater recharges the aquifer
more frequently, and aquifers are “flushed” more often.
In shallow unconfined aquifers, it is usual to find better quality groundwater near the water table where
direct infiltration of rain has occurred. Quality typically decreases with depth.
A common measure of groundwater quality (‘salinity’) is its Total Dissolved Solids (TDS), expressed in
milligrams per litre (mg/L; essentially the same as the older measure, parts per million, ppm). Typical
TDS ranges of waters are:
TDS (mg/L)
<50
<100
250 – 500
1,000
100 – 1,500
450 – 800
34,000

Tasmanian rain
Tasmanian river water
Drinking water starts to have ‘taste’
Generally accepted desirable upper limit for drinking water
Range of commercially available mineral waters
Groundwater in coastal sands
Sea water

Hydrological cycle and groundwater systems

16

Figure 2.1 illustrates different components of the land-based part of the hydrological cycle at the scale
17
of a single catchment or smaller. The fundamentals of groundwater movement in an unconfined ,
fractured-rock, gravity-driven groundwater system are depicted schematically in the second figure.
In Figure 2.2, the hydraulic heads in the recharge areas are relatively high and decrease with depth. In
discharge areas, the energy and flow conditions are reversed: heads are low and increase with depth. In
between, the throughflow is almost horizontal as shown by the steeply dipping equipotential lines.
18

Figure 2.2 also illustrates the concept of a groundwater system . In areas of moderate to high relief, the
near-surface dominant groundwater flows to depths of the order of a hundred metres or so will be as local
systems, with recharge on elevated areas discharging to streams. As depth increases, the dominant
groundwater flows become increasingly intermediate and then regional in nature. It is therefore important
to recognise the local site in the context of the larger groundwater system.

16

The hydrological cycle is the circulation of water in various phases through the atmosphere, over and under the
earth’s surface, to the oceans, and back to the atmosphere. The cycle is solar-powered. Because water is a solvent it
dissolves elements, and geochemistry is a fundamental part of the cycle, which is a flux for water, energy, and
chemicals.
Water enters the land-based cycle as precipitation; it leaves as surface streamflow (runoff) or evapotranspiration. The
route which groundwater takes from a recharge point to a discharge point is a flow path.
17
Locally (outcrop size or larger), the aquifer is probably confined by unjointed rock or clay weathering products or
both. At increasing larger scales, the aquifer is unconfined.
18
Sophocleous (2004) cited in Figure2.2 defines a groundwater system as “a set of groundwater flow paths with
common recharge and discharge areas. Flow systems are dependent on the hydrogeologic properties of the soil/rock
material, and landscape position. Areas of steep or undulating relief tend to have dominant local flow systems
(discharging to nearby topographic lows such as ponds and streams). Areas of gently sloping or nearly flat relief tend
to have dominant regional flow systems (discharging at much greater distances than local systems in major
topographic lows or oceans).” A three-dimensional closed groundwater flow system that contains all the flow paths is
called the groundwater basin.
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Aspects of the land-based hydrological cycle.
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In recharge areas (at left), the hydraulic
heads are relatively high and decrease
with depth, as shown by the water levels
in two adjacent piezometers.
In
discharge areas (at right), the energy and
flow conditions are reversed: heads are
low and increase with depth.

Groundwater conditions at
discharge point B
Land surface

Figure 2.2
Fundamentals of groundwater hydrology in a gravity-driven groundwater
system. Adapted from Sophocleous (2004). Groundwater recharge, in Groundwater, [Eds. Luis Silveira, Stefan
Wohnlich and Eduardo J. Usunoff] in Encyclopaedia of Life Support Systems (EOLSS), Developed under the Auspices
of the UNESCO, Eolss Publishers, Oxford, UK, [www.eolss.net)
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Attachment 3
(9 pages including this page)
Hydrogeological logs and photographs of Feb 2016 groundwater monitoring bores
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William C. Cromer Pty. Ltd. Environmental, engineering and groundwater geologists

Hydrogeology borehole log
Location 400m NE of E end of air strip

10

Moist
WCC 1(a) SWL= 2.73mbg
1400hrs 23/2/16

2
8

4
6

6

SAND (SP): black to 0.8m, then
grey to light grey flecked with
white; loose; then orange brown
and medium dense; fine grained;
some silt; gravelly 1.3-1.8

Field parameters in WCC
1(b) measured during low
flow sampling from c3mbg
on 11 Feb 2016

Gravelly SAND (SP): light olive
grey grading to dark orange at
3m; some silt; loose; medium 792 7.1 126 3.68
grained; 10% rounded quartzite
gravel to 3mm

WCC1(b) stickup = 0.66m

WCC1(a) stickup = 0.65m

T (0C)

Drilled by

DO (mg/L)

Materials
Soil/rock type, colour, plasticity or
particle characteristics, secondary
and minor components

11 February 2016
KMR Drilling
(D. Richardson)
W. C. Cromer
Logged by
W. C. Cromer
Checked by
Groundwater quality Completion
Structure,
geology and
interpretation
pH

Graphic log

Depth

Metres

9 February 2016

Locked cap and monument

WCC 1(a)

Dry

Drill fluid(s) Water; FS2000

RL

10%
20%
30%

Water

Lift

Notes
Samples, tests
PID = photo-ionisation detector
mbg = metres below ground
mbtc = metres below top of casing

Est.
porosity

GDA94
10.56mAHD (ground level)
Vertical

Hole started
Hole finished

WCC 1(b)

Sonic drilling; 150mm bit; 95mm core)

Bit type/size

Datum
RL
Inclination
Bearing

Drill type
MOBILE DRILL B – 37
Equipment Sonic drilling: 150mm bit and
casing; 95mm core

EC (µS/cm)

Coordinates 541954.2mE; 5461784mNmN

ORP (mV)

Project NETS BARNBOUGLE

0 – 1 Bentonite

Tertiary-age
sediments

1 – 3 -3mm clean quartz
gravel pack

2.5 – 3.0 Screen: 50mm Class 18
PVC; threaded joints

Sandy GRAVEL (GW): dark
orange; 50% rounded quartzite
gravel to 5mm; sand medcoarse; poorly sorted
SAND (SP): grey; trace silt;
Loose to Medium Dense

4

8
3.0 – 13.5 Backfill of drill returns

2

10
0

12
-2
Field parameters in WCC
1(a) measured during low
flow sampling from c1516mbg on 11 Feb 2016

14
-4

16

370

EOH at 15.95mbg

-6

18
-8

20
-10

22
-12

24
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7.2 403 2.14

13.5 – 14.45 Bentonite
14.45 – 15.95 2-3mm clean quartz
gravel pack
14.95 – 15.45 Screen: 50mm Class
18 PVC; threaded joints
15.45 – 15.95 Casing: 50mm Class
18 PVC threaded joints
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WCC 1 9-11 Feb 2016

Sonic drilling core from WCC 1 (0 – 15.95m EOH; screened and cased as WCC1 (a) and WCC 1(b)
0.0m

1.05m

1.05m

2.10m

2.10m

3.15m

3.15m

4.20m

4.20m

5.25m

5.25m

6.30m

6.30m

7.35m

7.35m

8.40m

8.40m

9.45m
No core photography for the interval 9.45 – 12.6m

12.60m

13.65m

13.65m

14.70m

14.70m

15.95m
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William C. Cromer Pty. Ltd. Environmental, engineering and groundwater geologists

Bore WCC 2

Hydrogeology borehole log

Location 400m N of E end of air strip

Dry

8
1
7
Moist
WCC 2 SWL= 2.17mbg
1410hrs 23/2/16

2
6

SAND (SP): black to 0.8m, then
grey to light grey flecked with
white quartzite gravel; loose to
med. dense; trace silt
Sandy GRAVEL (GP and GW):
orange grading to dark brown;
gravel is well rounded quartzite
to 5mm; sand med-coarse;
poorly sorted; matrix weakly
cemented
Gravelly SAND (SP): buff; 20%
rounded quartzite gravel to
3mm

3
5
4

EOH at 4.0mbg

4
5
3
6
2
7
1
8
0
9
-1
10
-2
11
-3
12
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Locked cap and monument

0 – 0.5 Bentonite

Tertiary-age
sediments

0 – 1 Casing: 50mm Class 18 PVC
threaded joints

0.5 – 4.0 -3mm clean quartz
gravel pack

Field parameters in WCC 2
measured during low flow
sampling from c3mbg on 11
Feb 2016

328 7.1

Sandy GRAVEL (GW): buff;
gravel is well rounded quartzite
to 3mm

WCC 2 stick-up
= 0.62m

T (0C)

Materials
Soil/rock type, colour, plasticity or
particle characteristics, secondary
and minor components

Drilled by

DO (mg/L)

Graphic log

Depth

Metres

RL

10%
20%
30%

Water

Lift

Notes
Samples, tests
PID = photo-ionisation detector
mbg = metres below ground
mbtc = metres below top of casing

Drill fluid(s) Water; FS2000

11 February 2016
11 February 2016

KMR Drilling
(D. Richardson)
W. C. Cromer
Logged by
W. C. Cromer
Checked by
Groundwater quality Completion
Structure,
geology and
interpretation
pH

GDA94
8.5mAHD (ground level)
Vertical

Hole started
Hole finished

WCC 2

Sonic drilling; 150mm bit; 95mm core)

Bit type/size

RL
Inclination
Bearing

Est.
porosity

Datum

Drill type
MOBILE DRILL B – 37
Equipment Sonic drilling: 150mm bit and
casing; 95mm core

EC (µS/cm)

Coordinates 541551.4mE; 5461871mNmN

ORP (mV)

Project NETS BARNBOUGLE

Sheet 1 of 1

7

2.15

1 – 4.0 Screen: 50mm Class 18
PVC; threaded joints
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WCC 2, 11 Feb 2016

0.0m

1.05m

1.05m
2.10m
2.10m
3.15m

3.15m
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William C. Cromer Pty. Ltd. Environmental, engineering and groundwater geologists

Bore WCC 3

Hydrogeology borehole log

Location 1,200m NNW of E end of air strip

Dry

Moist
WCC 3 SWL= 1.0mbg
1000hrs 24/2/16

5
1

4
2

Drilled by

B. Cox

SAND (SP): buff; fine to med
grained 0-0.5m; coarser fine to
med grained with trace shell
fragments

WCC 3 stick-up
= 0.89m

W. C. Cromer
Logged by
W. C. Cromer
Checked by
Groundwater quality Completion
Structure,
geology and
interpretation
T (0C)

Materials
Soil/rock type, colour, plasticity or
particle characteristics, secondary
and minor components

24 February 2016
24 February 2016

DO (mg/L)

Graphic log

Depth

Metres

RL

10%
20%
30%

Water

Lift

Notes
Samples, tests
PID = photo-ionisation detector
mbg = metres below ground
mbtc = metres below top of casing

Drill fluid(s) Water

pH

GDA94
5.75mAHD (ground level)
Vertical

Hole started
Hole finished

Locked cap and monument

WCC 3

90mm solid auger

Bit type/size

RL
Inclination
Bearing

Est.
porosity

Datum

Drill type
MOLE
Equipment 90mm solid auger and hand
bailing

EC (µS/cm)

Coordinates 541117.6mE; 5462367mNmN

ORP (mV)

Project NETS BARNBOUGLE

Sheet 1 of 1

0 – 0.5 Bentonite

Quaternaryage
sediments

0 – 0.68 Casing: 50mm Class 18
PVC threaded joints

Silty SAND (SP): black; organic;
fine to med grained

Lagoonal
sediments

SAND (SP): grey, becoming
light grey to buff below 2m, and
brown after 3.2m; fine to med
grained

0.5 – 6 natural formation
collapsed around casing and
screen
0.68 – 3.68 Screen: 50mm Class 18
PVC; threaded joints

3
3

Field parameters in WCC 3
measured during low flow
sampling from c3.5mbg on 24
Feb 2016

938 6.71 -55 5.58

2
4

1
5

0
6
EOH at 6.0mbg

-1
7

-2
8

-3
9

-4
10

-5
11

-6
12
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WCC 3, 24 Feb 2016
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William C. Cromer Pty. Ltd. Environmental, engineering and groundwater geologists

Bore WCC 4

Hydrogeology borehole log

Location 1,200m NNW of E end of air strip

2

Dry

B. Cox

SAND (SP): buff; med grained;
shell-free

WCC 4 stick-up
= 0.89m

T (0C)

Materials
Soil/rock type, colour, plasticity or
particle characteristics, secondary
and minor components

EC (µS/cm)

Graphic log

Depth

Metres

Drilled by

W. C. Cromer
Logged by
W. C. Cromer
Checked by
Groundwater quality Completion
Structure,
geology and
interpretation

Drill fluid(s) Water

RL

10%
20%
30%

Water

Lift

Notes
Samples, tests
PID = photo-ionisation detector
mbg = metres below ground
mbtc = metres below top of casing

23 February 2016
24 February 2016

DO (mg/L)

GDA94
2.09mAHD (ground level)
Vertical

Hole started
Hole finished

Locked cap and monument

WCC 4

90mm solid auger

Bit type/size

RL
Inclination
Bearing

Est.
porosity

Datum

Drill type
MOLE
Equipment 90mm solid auger and hand
bailing

pH

Coordinates 540218.9mE; 5462496mNmN

ORP (mV)

Project NETS BARNBOUGLE

Sheet 1 of 1

Moist
WCC 4 SWL= 0.72mbg
1410hrs 23/2/16

0 – 0.5 Bentonite

Quaternaryage
sediments

0 – 1.0 Casing: 50mm Class 18
PVC threaded joints

1

1

SAND (SP): yellowish brown;
med grained; shell-free

2

SAND (SP): grey; fine to med
grained; shell-free

3
-1

SAND (SP): dark grey; fine to
med grained; with lens of silty
SAND with trace clay; 10%
cream shell fragments to 10mm

0

0.5 – 4 natural formation
collapsed around casing and
screen

1 – 3.0 Screen: 50mm Class 18
PVC; threaded joints

Field parameters in WCC 4
measured during low flow
sampling from c3mbg on 23
Feb 2016

1880 6.84 -77 6.52

4
-2

EOH at 4.0mbg

5
-3

6
-4

7
-5

8
-6

9
-7

10
-8

11
-9

12
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Attachment 4
(14 pages including this page)
Surface water and groundwater sampling event, February 10 and 11 2016
Water meter calibration certificate
Chain of Custody Form
Certificate of Analysis EM1601460 from ALS Melbourne
and

Surface and groundwater sampling event, February 23 and 24 2016
Water meter calibration certificate
Chain of Custody Form
Certificate of Analysis EM1602001 from ALS Melbourne
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