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Executive Summary 

 

This report explores the hydrogeology and connected water resources of the Smithton 

Groundwater Management Area.  It  includes an overview of the area in terms of land-use, 

climate, water use, ecological values water management issues and recommendations for the 

future conjunctive management of the water resource. The report documents the methods and 

results of field investigations undertaken on behalf two National Water Commission funded 

projects,  Groundwater sustainability in the Smithton synclinorium  though the better understanding of 

the karstic aquifer system  and Tasmanian Strategic Assessment and Management of Priority/Stressed 
Groundwater Catchments. 

Connectivity between the aquifer system and surface water bodies was assessed using a number 

of different techniques. A run-of-river electrical conductivity survey was conducted across the 

major streams within the study area. During this process several significant springs were identified 

due to the large contrast between background surface water electrical conductivity and the 

relatively high groundwater conductivity.  Where possible spring discharge was measured and the 

relative contribution of the spring to river flow was determined.  A stream bed height and bore 

standing water level height survey was conducted using accurate surveying techniques. Along the 

Duck River it was found that the standing water levels in the bores were always higher than the 

stream bed height during the study period, indicating that the Duck River is likely to be a gaining 

river along most of it length.  In the south of the catchment, a single bore standing water level was 

below the base of the Roger River, suggesting a losing stream.  Generally, streams in the south of 

the catchment appear not to be receiving water from the dolomite aquifer whereas further to the 

north, groundwater appears to be contributing to stream flow either from diffuse discharge or as 

spring discharge. 

Through a groundwater use and level survey the Smithton Dolomite was confirmed as the major 

water supply aquifer in the study area.  Drilling an additional two deep monitoring bores in the far 

south of the catchment confirmed the southern extent of the aquifer.  Shallow monitoring bores 

were installed in the shallow Quaternary aquifer, which indicated a high degree of connectivity 

between the deep dolomite aquifer, the shallow system and the Duck River.  An analysis of water 

level fluctuations versus rainfall showed that the dolomite aquifer responds to rainfall almost 

instantaneously indicating that recharge occurs across the entire catchment and behaves largely as 
an unconfined system.   

Mound spring mapping comprised a significant proportion of the project with 110 springs mapped 

and described in detail. Whist most of the springs were found to be in a degraded condition as a 

result of agricultural development, nine were found to be surrounded by native vegetation.  As 

the Smithton Syncline is likely to contain the highest density of mound springs in Australia there 

should be a focus on conserving the remaining significant springs.  The development of the  

mounds springs and artesian bores in the Mella area were found to be related to NW-SE trending 

dolerite dykes that appear to cause a damming effect causing water to become pressurised at 

depth and expressing itself either by exploiting natural weakness in the rock or by drilling for 
water.  The artesian water was dated using CFCs and found be older than 55 years. 
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Water management in the catchment is currently focussed primarily on the allocation of surface 

water for consumptive and environmental purposes.  As this project has demonstrated, there is a 

high degree of dependency on groundwater for all purposes and that surface water and 

groundwater systems are intimately connected.  It is therefore suggested that,  to ensure that 

environmental values within the catchment are protected and that existing surface water users 

current entitlements are protected, consideration should be given to the formal declaration of a 

groundwater management area and development of an integrated surface-groundwater 
management program.  
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1. Introduction 

The Smithton Groundwater Management Area contains some of the most productive and valuable 

dairy land in Tasmania.  Development of the dairy industry coupled with reduced surface water 

availability has seen groundwater extraction increase markedly in recent years.  The aquifer system 

comprises a complex suite of largely Proterozoic rocks of the Togari Group, of which karstified 

carbonates are the dominant water bearing units. In order for dairy and other industries to continue 

to develop in a sustainable manner that takes into account environmental and social values, a thorough 
understanding of the key components of the aquifer system is required. 

As with hydrogeology, the groundwater and surface water connectivity of the Smithton Syncline region 

is not well understood.  The region is karstic and karst systems are renowned for having highly 

connected water resources which include high baseflows and major spring inflows.  Sinkholes and cave 

systems are also common features of karst.  Groundwater-surface water interaction has been 

recognised as a key issue at State and National levels. Understanding the nature of groundwater-

surface water interaction within this groundwater management area will allow the development of 

strategies to manage these interactions and support the development of an integrated water 

management program.  This will ensure equitable management of commercial and domestic use of 
water, and maintain important environmental values now and into the future.  

1.1.  Scope 

This report is the primary output of the Groundwater sustainability in the Smithton synclinorium  though the 

better understanding of the karstic aquifer system  project which focused on describing the hydroegeology 

of the Smithton Groundwater Management Area. It is also one of three undertaken for the Tasmanian 

Strategic Assessment and Management of Priority/Stressed Groundwater Catchments: Groundwater –Surface 

Water Interactions Sub-Project. The two other project reports include one assessing, the Wesley Vale 

groundwater management area, and one on the preliminary assessment and risk analysis of Tasmania‟s 

connected water resources.  All of these reports will be summarised into policy and planning 

recommendations, which will be incorporated into the Draft Integrated Water Management Framework 
for Tasmania (Figure 1).  All of these projects were funded by National Water Commission.  

This report explores the hydrogeology and connected water resources of the Smithton Groundwater 

Management Area. It includes an overview of the groundwater management area in terms of climate, 

water resources, geology, land use, ecological values and major water management issues.  The 

methods and results of field investigations for both the Smithton Syncline and Groundwater–Surface 
Water Interactions Projects are presented and discussed. These include:  

 an updated understanding of the regional hydrogeology; 

  identification of major recharge and discharge zones;  

 the Dismal Swamp connected water case study; and 

 discussion of an inventory of mound springs..  
 

The report concludes with a summary of major findings and management options. 
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 Figure 1  Report structure for the overarching Groundwater - Surface Water Interactions 
Project. 

 

1.2. Objectives 

The key objectives of this report include: 

 Determination of the nature and quality of groundwater in the area;  

 Identification of the major groundwater users to facilitate conjunctive allocation of the water 

resource; 

 Improved understanding of the karst aquifer and its relationship to the younger aquifer units; 

 Increased groundwater monitoring infrastructure including the drilling of additional groundwater 

monitoring wells and the instrumentation of current wells; 

 Investigation of connected water occurrence in the Smithton Syncline;  

 Trial connected water assessment methods for karst systems; 

 Investigation of connected water at key GDE sites (mound springs and Dismal Swamp); 

 Increased knowledge of aquifer recharge, transmission and discharge characteristics in key water 

management units; and 

 Increased understanding of lag times and associated effects of groundwater extraction on rivers, 

lakes and wetlands in key management units. 

 Provision of management advice for the development of groundwater management in the 

Smithton region and integrated water management as a whole; 
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2. Catchment Overview 

The Smithton Groundwater Management Unit is located in Northwest Tasmania  and covers 

approximately 540 km2.  The major surface catchment is the Duck River, however minor catchments 

to the northeast and northwest (Deep Creek, Scopus Creek,) and south (upper Montagu River, 

Ekberg Creek) are included to encompass relevant groundwater catchments. The Unit is bounded by 

the Black-Detention River catchment to the east, the Montagu Catchment to the west and the Arthur 

River Catchment to the south. 

The township of Smithton is the major centre with a population of approximately 3500 and it also 
includes a number of settlements, the larger ones being Irishtown, Edith Creek, and Lileah.  

Primary production is one of the main commercial activities in the catchment. Dairy production 

accounts for approximately 19% of the total catchment area (Broad & Cotching 2009) concentrated 

predominantly in the Duck River Valley. Native and plantation forestry is also widespread.  Mining of 
dolomite is undertaken between Smithton and Scotchtown.  

 

 Figure 2  Location map of the Smithton Groundwater Management Unit 
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2.1. Climate 

Mean annual rainfall in the catchment varies spatially from around 1100mm/yr at the coast to almost 

1600mm/yr to the south.  Rainfall is winter dominated with the highest average rainfall occurring in July 

and August.  January – February receive the lowest average rainfall. Mean monthly rainfall for three 
Bureau of Meteorology weather stations in presented below in Figure 3. 

  

 Figure 3 Mean monthly rainfall at selected Bureau of Meteorology sites  

Due to a lack of historical evaporation data an extract of SILO data has been used to compare mean 
monthly rainfall to class A pan evaporation (Figure 4). 

 

 Figure 4 Comparison of mean monthly rainfall and evaporation (1900-2011) 

 

Rainfall exceeds evaporation from April – October whereas in the warmer months of the year 

evaporation is in excess of rainfall. Using the SILO data suggests annual rainfall approximates 1169 

mm/yr whereas the Class A pan evaporation rate is 1051 mm/yr.   
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Following the methodology of Harrington and Currie (2008) the pan evaporation rate can be 
converted into an actual evapotranspiration rate using the formula 

ET = fc . Cp . Ep 

Where fc is the crop factor, Cp  is the pan co-efficient and Ep is the pan evaporation rate. The crop 

factor has been assumed to be 0.8 which reflects an average across all season for a mix of native 

grasses, improved pastures and native shrubs. The pan co-efficient is 0.5.  Taking this into account the 

estimated ET is about 467mm/yr, fractionally above the estimate of 422mm/yr calculated by Harrington 
and Currie (2008). 

 

2.2. Geology 

The Smithton GMU forms the eastern limb of the Smithton Synclinorium (Calver 1998). This  complex 

syncline consists of predominantly unmetamorphosed, mildly deformed Proterozoic sedimentary 

rocks. Basement consists of orthoquartzite, siltstone and minor carbonate of the Rocky Cape Group. 

Overlying the Rocky Cape Group and separated by an angular unconformity is the Proterozoic Togari 

Group. The Forest Conglomerate forms the base of the group in the Smithton area and comprises a 

siliciclastic conglomerate with rounded cobble sized clasts of the Rocky Cape Group type quartzite 

(Everard et al. 2007).  Black River Dolomite overlies the Forest Conglomerate, however it may be in 

direct contact with the Rocky Cape Group in areas where the Forest Conglomerate is absent. 

According to Everard et al. (2007) common primary Black River Dolomite lithologies include massive 

pure dolomite, thinly laminated and/or stromatolitic dolomitic breccia, pale pelitic mudstone and black 

carbonaceous siltstone. Calver (1998) using Sr87/Sr86 C13 and O18isotope data has constrained the 
upper part of the Black River Dolomite to the Riphean period. 

The Kannunnah Subgroup conformably overlies the Black River Dolomite and comprises a sequence of 

intercalated lithicwake, basalt, diamictite and minor conglomerate, lithicarenite, hematitic ironstone, 

mudstone and impure carbonate (Everard et al. 2007). In turn, the sub group is conformably overlain 

by the Smithton Dolomite.  The Smithton Dolomite can be divided into two distinct units, the lower 

member which comprises dolomicrite and dolograinstone that have relatively well preserved primary 

textures (Calver, 1998) and the upper member of massive recrystallised grey dolostone (Brown, 1989) 

with obscured primary textures (Calver, 1998). Calver (1998) has dated the Smithton dolomite as 
being of the between 580-540 Ma.  

The Smithton Dolomite is unconformably overlain by the Scopus Formation.  In the Christmas Hills 

area, which forms the western boundary of the study area, the Scopus Formation consists of generally 

well bedded, red to brown weathered, polymictic lithic conglomerate, lithicwake and siltone/mudstone 
(Everard et al. 2007). 

In the north of the Duck Valley, (Mella – Broadmeadows districts) the Smithton Dolomite is overlain 

by sediments of Quaternary age. The sediments are comprised of swamp related peat and marls up to 
5 m thick (Van de Geer et al. 1986) overlying marine and alluvial sands.  

From Broadmeadows extending south to the Arthur River the Quaternary sediments are mapped as 

alluvium and colluvium including deposits of sand, clay rich sand or gravel; talus and slope wash 

deposits; swamp deposits of sand, clay and peat; and deposits rich in chert lag derived from the 
underlying Proterozoic dolomite sequences (Seymour, 2004). 

 



Smithton Syncline Groundwater Management Area 

PAGE 11 

 

 Figure 5 Major geological units in the Smithton GMU 
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2.3.  Geomorphology 

Major geomorphic units within the area include: 

Flat karstic plains of the Duck River valley 

These are primarily underlain by Smithton dolomite, falling at a very low gradient, dropping only 40 

metres over the 30 km from the Arthur/Duck divide to Duck Bay. The plains were developed through 

a combination of karst, marine and fluvial planation, related to changes in relative levels of land and sea 

through the late Tertiary – Quaternary. Presence of large calibre quartzite gravels on the Arthur/Duck 

divide and northwards suggest that, previous to capture westwards, the Arthur river flowed through 

this and the neighbouring Montagu River valleys as a low-angled fan/braidplain. Lateral erosion by this 
major stream would have also widened the valley floor.  

The process of valley widening and planation was aided by karstic solution at the watertable during 

high Quaternary sea-level stands. Coastal erosion also enhanced planation during these times, with 

wave action depositing a veneer of marine sands across the northern third of the plains as relative sea-

levels dropped following the close of the penultimate interglacial period. Distinct relict beach ridges 

are evident as far inland as Edith Cereek. Dunes and deflation basins are preserved in aeolian 

sediments overlying the marine deposits. This relative drop was caused by global eustatic falls in sea-

level, along with ongoing neotectonic uplift which widely affected western Tasmania in Pliocene-
Quaternary times.  

At low sea-level stands the Duck River eroded its bed in response to reduced regional base-levels, 

producing a series of narrow, incised reaches between Edith Creek and Duck Bay. The knickpoint 

representing the limit of upstream incision is found upstream of the Whitewater Creek junction. 

Lowering of water tables in response to this promoted the development of solutional sinkholes across 

the plains as water, made agressive through peat-derived organic acids and sulphuric acid from 

oxidised marine sulphides, infiltrated the carbonates. Many of these sinkholes (revealed through closed 

depressions in the carbonate contact in bore logs) are now filled with Quaternary sediments in the 

north of the valley. South of Roger River, sinkholes remain unfilled and continue to develop above the 

water table. Late Quaternary spring mounds are concentrated in various locations across the mid-

northern plains, resulting from precipitation of calcium, magnesium and iron carbonates dissolved in 
warm, CO2 rich groundwater. 

Rolling hills bounding the western part of the catchment around Christmas Hills 

Developed on sediments of the Scopus Formation, these hills represent a variably incised plateau 

surface, separating the Duck and Montagu valleys. Where the cover of Scopus sediments is thin, karst 

processes in underlying Smithton Dolomite have enhanced widening of small stream valleys to 
produce poljes such as Brittons Swamp, and developed subjacent sinkholes at Farnhams Creek. 

Northeast-southwest trending escarpment bounding the eastern margin of the Duck Plains 

This distinctive landform separates the Duck Plains from the adjacent dissected plateau to the east. It 

presents a very fresh appearance, indicating the possibility of comparatively recent tectonic uplift along 

the Roger River Fault and a minor northern branch in the Scotchtown area (although it may also be 

simply a product of differential erosion of the more soluble dolomite by karstic planation  in 

combination with fluvial and marine processes described above). Exposure dating of outcrops would 
provide further evidence of its mode and history of formation. 
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Variably incised eastern plateau 

Whilst predominantly capped by the extensive flood basalts of northwest Tasmania, this plateau also 

exposes elements of the Kanunnah Subgroup to the south. Broad valleys and basins have developed in 

the plateau surface where solution-prone Black River Dolomite crops out around Nabageena and 

Irishtown. Subjacent sinkholes have developed where Black River Dolomite shallowly underlies 

caprocks – for example under Kanunnah Subgroup sediments in the headwaters of Birthday Creek 

southwest of Nabageena, and below Tertiary basalt at Alcomie. A spectacular natural arch and cenote 

have developed in a window of Black River dolomite to the south of Trowutta.  These areas are likely 

to provide significant recharge to underlying dolomite units. Spring mounds have developed at various 

locations where Black River Dolomite underlies Quaternary deposits in basins and coastal areas, such 
as the mid reaches of Copper Creek, Pulbeena, Smokers Bank and Deep Creek Bay.  

Parallel beach ridges of coastal aggregation 

The coastal district between West inlet and Perkins Island is composed of Holocene and Last 

Interglacial age marine deposits, deposited in the context of a tectonically emerging coast. A striking 
suite of parallel beach ridges has confined Duck bay, Perkins Channel and West Inlet. 

2.4. Groundwater 

Groundwater is extensively used throughout the Duck Catchment for industrial, agricultural and 

domestic purposes. Whilst any rock formation that yields a suitable quantity and quality of water can 

be regarded as an aquifer, the main units that are regarded as productive aquifers are listed in the table 
below. 

 Table 1 Summary of main aquifer units within the Smithton GMU 

Formation  Age Approx. 

Thickness 

(m) 

Description 

Tertiary Basalt Tertiary 0-150? Basalt lava 

Scopus 

Formation 

Cambrian 75-300 Reddish-Brown weathering, 

interbedded lithic wacke, 

lithicarenite, lithic 

conglomerate and laminated 

siltstone/ mudstone 

Smithton 

Dolomite 

Neoproterozoic 

580-545 Ma 

1500 Well bedded to massive, 

shallow marine dolomite and 

dolomitic limestone 

Keppel Creek 

Formation 

Neoproterozoic   Interbedded lithic wacke, 

laminated 

siltstone/mudstone, and 

minor polymict lithic 

conglomerate 

Precambrian 

Basalt 

Neoprotoerozoic 

 

 Massive and amygdaloidal, 

dominantly tholeiitic basalt 

Roger River 

Dolomite 

Neoproterozoic 

c.750-650 Ma 

600-800 Interbedded dolomite, chert, 

siltstone and mudstone 
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Interest in the groundwater resources of the Smithton District dates back to at least 1959 with the 

first known published government report (Gulline, 1959).  Gulline (1959) (based on Nye et al. (1934)) 

reported that a single dolomite unit (termed the Smithton Dolomite), including cherty and slaty 

varieties, usually occupies valleys, is in a topographically suitable position to act as an aquifer and that 

solution enhancement has occurred along bedding planes and a well developed joint system. Geological 

interpretation subsequent to Nye et al. (1934) and Gulline (1959) has led to the dolomite being divided 

into two distinctly separate hydrogeological units. The “cherty and slaty” varieties are now recognised 

as the older Black River Dolomite, separated from the Smithton Dolomite by relatively impermeable 
Kanunnah Subgroup sediments (Brown, 1989). 

As was noted by Guilline (1959) the Smithton Dolomite (including both the Smithton Dolomite and 

Black River Dolomite) is probably the best aquifer in terms of yield but the water is of relatively poor 

quality. The water is regarded as being too hard for drinking and washing however is suitable for 
irrigation, stock water and other commercial activities.  

Davidson et al. (2007) produced the first detailed study of the Smithton Dolomite Aquifer, albeit in the 

relatively small Mella-Broadmeadows region.  Davidson et al. (2007) utilising predominantly water bore 

drilling records and water level survey data characterised the aquifer as being confined in nature. 

Harrington and Currie (2008), in their study which incorporates a larger portion of the Duck 

Catchment, regard the Smithton Dolomite as regionally unconfined but may be locally confined in 

areas such as the Mella district.  

 

2.5. Surface Water 

The Duck River is the main river draining the study catchment, although Deep Creek and Lake Mikany 

provide the main water supply for Smithton (approx 2.8 GL storage) (DPIW 2009). The Duck River 

has a catchment area of approximately 510 km2 and a total length of approximately 50km. Major 

tributaries of the river include Roger River (draining land to the northeast of the Roger River State 

Reserve), Edith Creek and Allen Creek (draining land to the west of Mount Lileah), and Geales Creek 

(draining State Forest and plains to the west of Smithton). These tributaries enter the river in the 

middle and lower reaches, with other smaller tributaries entering throughout the catchment. The 

Duck River originates from the upper slopes of the Gibson Plains at an elevation of around 200m 

above sea level. The river‟s headwaters flow in a westerly direction through low hills for approximately 

15km down to an altitude of 40m above sea level. From here the river meanders in a northerly 

direction along a gentle gradient, for several kilometres over river plains extending from Roger River 

to the Edith Creek confluence. The river continues to flow in a slightly incised valley through level and 

undulating plains to its point of discharge, Duck Bay at Smithton (Pinto and Graham 2000). 

The lower parts of the Duck catchment have been extensively drained to improve land for agricultural 

development. Low lying agricultural areas are prone to flooding due to high rainfall, seasonally high 

water tables and low topographic relief. Agricultural advancements in hump and hollow drainage design 

has helped to minimise this issue. For similar reasons there are also no major dams apart from some 

small off-stream dams located alongside the Duck River or instream dams within minor catchments 
above the Duck Plains. 

 

2.6 Surface Water and Groundwater Connectivity 

Given the predominantly flat and highly-dissected nature of the Smithton region, interactions between 

groundwater and surface water are likely to be an important component of the catchment water 
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balance. Depth to groundwater on the dolomitic plains is typically very shallow (0-10m) suggesting a 

high likelihood of connectivity. Surface water and groundwater were found to be closely connected in 

the Duck River via the assessment of hydrochemical tracers (Harrington and Currie 2008). Streams 

throughout the study area are considered to be predominantly gaining (REM/Aquaterra 2008; 

Harrington et. al 2009). Groundwater discharge was found to be active over most of the Duck River‟s 

length and several significant springs exist. Results from surface water modelling also suggest there is 

significant groundwater discharge to the Duck River, with more than 50 % of the flow being derived 

from baseflow. Groundwater also discharges continuously to man-made drains in the Mella area via the 
artesian mound springs and bores. 

In the upper reaches of these catchments, small ephemeral streams may be losing when they 

periodically flow and they are elevated above the watertable. It is possible that some complex (variably 

gaining and losing) surface–groundwater interactions occur where the dolomite is karstic as the 

direction and magnitude of flow between the stream and aquifer may change significantly over short 

distances. In contrast there may be little flux between surface water and groundwater where the 

dolomite has silicified (and hence has negligible permeability) or a low permeability clay layer separates 
the stream from the aquifer (Harrington et. al 2009). 

 

2.7 Current Water Use 

Groundwater management in Tasmanian is still in its infancy. Groundwater is not formally licensed or 

allocated at this stage. The only formal managements practices in place is are a Well Works Permit 

System whereby landowners are required to apply for a permit to install a bore and the long standing 

requirement for drillers‟ to return to the department a completed record of the drilling and 

installation of the bore. 

An estimate of groundwater extraction has been made by DPIPWE (2011a) across the Duck River 

Valley as a part of a National Water Commission funded project - the Tasmanian Groundwater 

Management Framework. Commercial groundwater users that were identified as a part of this project 

were surveyed for a number for a number of issues including their current/historical groundwater use.  

The survey concluded that there was approximately 6100 ML/yr of groundwater extracted during dry 
years for commercial use.  

The requirement to have a licence to extract water from rivers and streams in Tasmanian has long 

been established.  Current surface water extraction entitlements for the Duck River and its tributaries 

is 1070ML/year (DPIPWE 2011a). 

Unusually for Tasmania, these figures indicate a significantly greater reliance on groundwater than 
surface water in this area. 

2.7.1 Water Quality 

Water quality in some areas of the catchment has been affected by intensive agriculture, primarily  

from dairies and effluent runoff.  Edith Creek is particularly impacted by cheese factory effluent causing 

high BOD and low dissolved oxygen. Abattoir waste disposal leachate, high in COD, BOD and 

nutrients, also affects Coventry Creek (Green 2001). Catchment activities have also led to high faecal 
coliform counts in Duck Bay. 

State of the Rivers water quality monitoring has shown that areas of the Duck catchment are subject 

to high nutrient levels, low dissolved oxygen at times, generally high turbidity, occasional elevated 
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salinity levels in some tributaries and high faecal bacteria counts (DPIPWE 2009). Similarly, snap shot 
macroinvertebrate monitoring has indicated that Duck River sites are impacted. 

 

2.8  Land Use 

The northwest of Tasmania is regarded as one of the prime agricultural and in particular dairy regions 

in the state. Broad and Cotching (2009) in their study to model the spatial distribution of total 

Phosphorous loads to the Duck River produced a whole of catchment land use table . Their data has 
been reproduced in Error! Reference source not found. below. 

Table 2 Land use classification across the Duck Catchment (after Broad & Cotching 2009) 

 Land use Whole 

catchment 
Area (ha) 

% Land 

use 

Grazing modified pastures 18662 34.4 

Grazing natural vegetation  976 1.8 

Irrigated cropping 349 0.6 

Dairy Pastures 10530 19.4 

Manufacturing and industrial  85 0.2 

Marsh/wetland 406 0.7 

Mining 138 0.3 

Nature Conservation/minimal use 6562 12.1 

Plantation forestry 5019 9.2 

Production forestry 10673 19.7 

Reservoir/dam 175 0.3 

Residential  451 0.8 

Services 184 0.3 

Transport and communication 75 0.1 

TOTAL 54285 100 

 

As can be seen grazing modified pastures and dairying pastures contribute to a significant portion of 

the total catchment land use (±53%). 

Irrigation traditionally consisted of water delivery by travelling irrigators and sprinkler systems but has 

been increasingly replaced by centre pivot style irrigation. 
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 2.9  Ecology 

The Duck River catchment is significantly modified. Despite this it continues to provide habitat for 

several threatened species and vegetation communities and interrogation of the CFEV database 

indicates that approximately 39 percent of river sections and 43 percent of wetlands in the Mella 

groundwater assessment area have been identified as being of high or very high conservation 

management priority. Two key ecological sites were identified in the catchment as part of the 

Sustainable Yields Project; Allens Creek and Coventry Creek riverine wetlands (CSIRO 2009). The 

Allens Creek wetland was shown to be slightly modified under recent climate conditions, however 

impacts to these sites are not foreseen to change under any of the modelled future climates. Allens 

Creek was listed for its Melaleuca ericifolia coastal swamp forest and Duck-billed Platypus.  

The catchment is primarily cleared although Eucalyptus.obliqua and E.nitida wet forests occur 

throughout the catchment and Blackwood (Acacia melanoxylon) and Tea Tree (Melaleuca sp) scrub is 

common along watercourses. Along the drainage lines vegetation is comprised of closed shrub of 

leatherwood, myrtle, sassafras, celery-top pine, manuka and cutting grass. Vegetation through the 

lower reaches has been largely altered through clearing for the development of agricultural land and 

Willows and Blackberries dominate in patches. Those areas with remnant native vegetation are 

comprised mainly of open heath and sedgeland of Melaleuca squarrosa, manuka, other tea trees, tassel 

cord rush and Juncus spp. (Pinto and Graham 2000). Remnants of three threatened communities 

remain: Eucalyptus brookeriana wet forest is distributed throughout the catchment and Eucalyptus ovata 
forest and Melaleuca ericifolia swamp forest occur in patches in the north of the catchment.  

At least five species of frog are thought to inhabit the Duck catchment along with thirteen freshwater 

fish species. Gadopsis marmoratus (River Blackfish) and Nannoperca australis (Pygmy Perch) are the only 

species confined entirely to freshwater and have the most limited natural distribution of the species 
occurring in the Duck catchment (Pinto 2003). 

2.9.1  Significant Water Dependent Ecosystems  

Five aquatic fauna species found in the Duck catchment are considered threatened under Tasmania‟s 

Threatened Species Protection Act 1995: Australian Grayling (Prototroctes maraena)– Vulnerable, Striped 

Marsh Frog (Limnodynastes peroni) - Vulnerable Freshwater Snails (Beddomeia topsiae and Beddomeia 

wiseae) - Rare and Giant Freshwater Lobster (Astacopsis gouldi)- Vulnerable  (Pinto and Graham 2000). 

Spring fed pools are likely to be important habitat for many of these species. Threatened water 

dependent flora include the nationally endangered Scrambling Ground Fern (Hypolepis distans), state 

endangered Lime Fern (Pneumatopteris pennigera) and Slender Tree Fern (Cyathea cunninghamii) as well 

as several state rare listed species such as orchids, sea-lavender and swampgrass. Several bird species 

associated with wet environments have also been recorded in the catchment and include terns, sea 
eagles and the orange-bellied parrot (Appendix A). 

Mound springs are also a significant natural feature of the region and occur in concentrated patches 

throughout the catchment, most notably in Mella, and are likely associated with underlying geological 

structures. Several significant and many more minor springs exist through the catchment. The 

discharge of these key springs sustains flow in some reaches of the Duck River and major tributaries. 

Surrounding aquatic and benthic ecosystems and important refuge habitat are also likely to be 

dependent on this spring flow. 

There are a number of special values which CFEV has identified within the area. These relate to the 

predicted presence of rare and threatened species and communities. CFEV values considered to have a 

very high rating in the Duck catchment occur mostly in the northern part of the catchment and include 
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the Duck estuary and Bay, coastal plains, two sites near Roger River and Jones Plain. Most, if not all of 

these values, are found in wetlands or areas where conditions are naturally saturated by water, and 
therefore can be classified as strongly groundwater-dependent (Graham et. al 2009).  

Climate modelling results suggest that under the modelled future climate, the groundwater-dependent 

ecosystems present in these regions would not experience conditions worse than those encountered 

historically, and are more likely to be under pressure from future development of the groundwater 
resource. 
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3. Methods 

3.1. Hydrogeology 

3.1.1. Groundwater quality 

Groundwater quality sampling was undertaken to ascertain the spatial variability of water quality within 

the study area.  Bores were selected for sampling based on their physical distribution across the study 

area, the aquifer unit in which they were screened and access to the bore.   

Where possible, existing pump infrastructure was utilised for the purpose of taking the sample. In the 

absence of an existing pump the bores were sampled using a Grundfos electric downhole pump or, in 

the case of the bores that make up the state groundwater monitoring network, a low flow bladder 

pump. Artesian bores were sampled at the point of discharge (usually from the top of the steel casing). 

Where existing pump infrastructure or the electric down hole pump was used, where possible the 

volume of water in the bore was calculated and three times that volume was removed as per the 

procedure described in Ezzy (2004).   At the time of sampling, pH, conductivity and temperature 
measurements were taken using a WTW P3 Multiline instrument.   

Sample bottles were provided by the laboratory and submitted to Analytical Services Tasmania (AST) 

for analysis. 

3.1.2. Groundwater Chemistry 

In addition to the water quality sampling that was outlined in section 3.1.1, the groundwater samples 

were  submitted for analysis were also analysed for major anions and cations, metals and nutrients. 

The object of which is to aid in determining the source aquifer of the water, the potential groundwater 

flow path and to help determine potential linkages with surface water through geochemical 
comparison. 

This additional sampling was done to complement and expand on the previous limited sampling of 

bores by Davidson et al. (2007) and historical data housed in DPIPWE‟s groundwater database.   

Water samples were also collected from select bores thought to be screened in the Smithton 

Dolomite in order to estimate the age of the water since recharge.  The samples were collected in 

triplicate following the procedure outlined by CSIRO Isotope Analysis Service and submitted to 
CSIRO laboratory in Adelaide for the analysis of CFC11 and CFC12.  

3.1.3. Drilling 

To supplement the existing monitoring network and to provide additional information on the aquifer 
system an additional seventeen monitoring bores were drilled on two separate occasions.  

Two cross sections comprising nine shallow bores were drilled for to determine the interaction of the 
shallow groundwater system with the Duck River at a local scale (described in detail in section 3.3.4).   

As a part of the Dismal Swamp case study three bores were drilled in order to establish connectivity 

with the surface system (described in section 3.6.1). 

An additional two bores were installed in the Quaternary aquifer close to the existing monitoring 

bores M1 and M2. The two bores were drilled to enable the hydraulic relationship to be determined 
between the deeper Smithton Dolomite aquifer and the overlying Quaternary sediments.   
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All of the shallow bores were drilled using the Mineral Resources Tasmania supplied trailer mounted 
Treifus auger rig and were completed in May 2011. 

Two deep monitoring bores were drilled in the far south of the catchment using an Ingersol Rand TH 

series dual rotary rig.  The two deeper bores were installed in order to investigate the nature of a 

groundwater divide in the far south of the study area, further determine the southern extent of the 
Smithton Dolomite aquifer and provide a long term monitoring facility in the supposed recharge area. 

The bores (AR1 and AR2) were installed at a total depth of 59m and 60m respectively and were 

screened at the bottom-most water strike. The bottom water strike in AR2 was successfully screened 

and sealed from the shallower water cuts, however during development of AR1 the gravel pack  and 

bentonite/cement seal was disturbed and thus the standing water level in the bore reflects all of the 
water strikes encountered during drilling. 

3.1.4. Bore survey  

A survey of the bore location, functional status and (where possible) the current purpose of the bore 

was conducted throughout the study area, beginning in March 2010 and concluding in April 2011.  

The purpose of the survey was three fold: 

 Ascertain the main aquifer units being used and the purpose of the extraction; 

 Provide accurate location data for use in the surface water/groundwater connectivity 
assessment; and 

 An audit and update of the departmental database. 

As a basis for the survey, location maps were produced of all bores that are recorded in the 

Departments‟ bore data base (GWIMS).   Properties with bores plotting on them were visited by a 
departmental officer and if found were surveyed using a handheld GPS unit.   

In addition to accurately recording the position of the bore, if access was possible, a standing water 

level measurement was taken along with a total depth, casing diameter and casing material type.  If the 

owner or operator of the bore could be contacted then current usage and the purpose of the bore 

was recorded. A more comprehensive groundwater use survey was conducted by DPIPWE as was 

discussed in  Section 2.7. 

Where bores were found that could not be immediately be identified in the field as being previously 

recorded, an attempt was made in the office to reconcile bores using original depth information and 

previous owner information to the GWIMS record. In total 276 bores were physically located 

compared to the historical record of approximately 610 bores.  

With the known bores accurately located it was possible to then assign the aquifer to which the bore 

was screened. This was done utilising the existing database record, in particular the drillers‟ geological 

log that is completed by the driller at the time of drilling. Where bores could not be matched to an 
existing feature, 1:25000 scale geological maps were used to infer which aquifer the bore is installed in.  

3.1.5. Groundwater Flow Direction 

Data collected during the bore hole survey has been used to construct a regional potentiometric 

surface for the catchment, to aid in determining the direction of groundwater flow. Water level 

measurements were taken during July 2011.  A select group of  bores were surveyed by registered 

departmental surveyors to give an accurate relative height (AHD). 
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3.2. Recharge 

3.2.1. Diffuse Recharge 

Groundwater recharge into the Smithton Dolomite has been previously estimated in two reports. 

Davidson et. al 2011 restricted their analysis to the Mella area and immediate surrounds, whilst 

Harrington and Currie (2008) assessed the entire groundwater management unit. Davidson et al. 2011 

believe recharge to Mella occurs primarily as rainfall recharge in the elevated Christmas Hills area and 

subsequent lateral flow beneath the Quaternary sands   Given that the majority of the Duck River 

Valley is underlain by the Smithton Dolomite and extends some 30km south to the Arthur River it is 

highly likely that recharge is in fact occurring across a much larger area than just the Christmas Hills 

area.  

Based on the assumption that recharge could be occurring across the entire Duck River Valley and in 

the higher relief areas to the West and East, the recharge area has increased significantly to include 
both that proposed by Davidson et al. (2011) and Harrington and Currie (2008). 

Harrington and Currie (2008) presented several methods for estimating diffuse recharge: the steady 

state chloride method, annual excess water less stream flow (Zhang curves), CFC method and the 
chloride mass balance approach.  

This project has attempted to improve on the chloride mass balance approach based on the significant 

amount of additional groundwater chloride data that has been collected and a single chloride analysis 
obtained from a rainfall sample.  

The catchment was divided into 10 potential recharge zones based on geology and rainfall isopachs 

derived from Figure 17. This reflects the rainfall gradient that exists from the coast to the south of the 
study area.   

Recharge is estimated using the formula: 

Recharge Rate x Cl (groundwater) = Precipitation Rate x Cl (precipitation) 

As mentioned above the chloride concentration has been fixed at 11 mg/L based on a sample obtained 

from a private water bottling company that wished to remain anonymous. The precipitation rate was 

obtained from the rainfall contours and the chloride in groundwater from the groundwater quality 

sampling.  The recharge results based on the zones are presented in Table 18. 

 

 

3.3. Discharge 

Discharge of groundwater can occur by numerous processes across the entire catchment. The major 
mechanisms of groundwater discharge are: 

 Spring discharge;  

 Flux to surface streams and rivers;  

 Uncapped artesian bores; 
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 Groundwater extraction; 

 Direct flux to the Duck River estuary and Duck bay; and 

 Evapotranspiration from shallow water tables 

 

Several methods have been used to qualify the various discharge processes that may be occurring. 

3.3.1.  Geophysics  

It has been recognised by Davidson et al. (2007), Harrington and Currie (2008) and others that a 

swarm of NW trending dolerite dykes cross cutting the Smithton Dolomite aquifer in the Mella area 

may have a role in compartmentalising flow at depth, forcing water to discharge at the surface via 
springs. This could also because of the artesian bores. 

Utilising airborne magnetic data obtained from Mineral Resources Tasmania (produced by Kevron 

Geophysics Pty Ltd in 2001) as a basic guide to the position of the assumed dolerite dykes, mapped 
spring mound deposits and bore hole data collected during the bore survey are presented in Figure 18.  

3.3.2. Major Spring Mapping and Gauging 

During the run-of-river survey described in section 3.5.2 below a large spring was identified on the 

Duck River. It was initially identified due to large changes in the river water electrical conductivity seen 

between the upper reaches of the river and those on the plain. To identify the source of the high 

conductivity the segments of the river were walked and spot measurements of EC, pH and 
temperature were taken. 

The source of high EC water was found to be a large spring at the base of the escarpment at 
approximately the position of the State of Rivers Reporting site, DR21 (see Figure 6). 

As a result of the discovery of the Duck Spring, the same methodology was adopted to aid in the 

identification of other similar springs on streams that flow down the escarpment and onto the Duck 

Valley plain. With the recognition that the base of the escarpment and possibly the Roger River Fault 

may contribute to the expression of the Duck Spring, field identification of springs centred initially on 

the eastern streams that cross the base of the escarpment and Roger River Fault. A subsequent survey 

of steams on the western side of the Duck River Valley was conducted in August the following year. 

All of the major streams at the base of the escarpment were surveyed using the “high EC” 

methodology. Two additional springs were identified on streams, Whitewater Creek Spring  and 
Birthday Creek Spring. 

Water samples were taken from all three springs in order to chemically identify the water and 

determine their source aquifer. The samples were submitted to Analytical Services Tasmania (AST) for 

analysis. Samples were analysed for major cations and anions, metals and nutrients. Results are 
presented in Appendix C.  

To aid in determining the residence time of the water, Chlorofluorocarbon (CFC) samples were 

obtained. Water samples were obtained by submerging laboratory supplied sample bottles into the 

springs as close to the point of discharge as possible. Samples were collected in triplicate and 

submitted to the CSIRO laboratory in Adelaide for analysis of CFC11 and CFC12. The concentration 
of CFC11, CFC12 and the apparent age of the water is presented in Table 21 
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Flow gauging was carried out on the Duck Spring to ascertain the discharge rate from the spring. This 

was done using a SonTek Acoustic Doppler Volocimeter by measuring the flow in the Duck River 

upstream and then downstream of the spring and subtracting the two flow measurements to give the 

spring discharge. Due to the morphology of White Water Spring and Birthday Creek Spring it was not 
possible to accurately measure spring discharge. 

3.3.3. Flux to Rivers 

As a qualitative method to assess the potential groundwater flux to the Duck River a transect of 

groundwater elevation against the distance along the Duck River from the coast has been produced 
Figure 20. 

The height of the river bed and the height of the river bank were accurately surveyed by DPIPWE 

surveyors in April 2011 using Real Time Kinetic GPS to give an accurate level of the river bed.  With 

this data an accurate transect of the river bed height with distance from the coast has been produced. 

Utilising the bore position data obtained from the bore survey (section 3.1.4) the bore location and 

height of the ground level (AHD) were obtained using the same technique as used during the river bed 

survey. Groundwater levels (below ground surface) were measured at the time of surveying. Water 
levels have been converted to AHD based on the surveying results.    

A plot of river bed height against bore water level has been produced and can be seen in Figure 20. 

Due to the sparseness of bores close to the river bores within 500m of the river was used to create 
the plot. 

3.3.4. Duck River Cross Sections 

In order to determine surface water and ground water connectivity and groundwater flux to the Duck 

River at the local scale, two cross sections were selected for monitoring activities. These locations 

were selected as they represent groundwater-surface water interaction in two different contexts 

above and below where the river has incised a significant valley within the last interglacial surface (see 

Section 2.3). Other factors included ease of access, consensus with the associated landholders, 

conceptual understanding of flux to the river (ie. hypothesis testing) and for the northern section, 
proximity to a state monitoring bore.  
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3.3.5. Monitoring Infrastructure 

The northern cross section was located at Lades Road, Scotchtown, near the state monitoring bore 

M4. The southern cross section was located near Edith Creek at Poilinna Road. Conceptual 

understanding was that the river was likely to be gaining in vicinity of the northern cross section and 
losing near the southern. 

In each cross section six shallow bores were proposed for drilling, three on each side of the river and 

spaced at 10m (or as close to top of bank as was possible), 30m and 50m. Due to issues incurred 

whilst drilling at the northern site (i.e. rock substrate) only three bores on the western side of the 

river were in fact drilled (Quilliam site). At the southern cross section the Nature Reserve site was on 

the eastern side of the Duck River and the VDL site on the western side. Level loggers (In-Situ 

Leveltroll 500) were installed in all nine bores and gauge boards and level loggers (Solinst 3001 LT 

Levellogger Junior) installed in the Duck River at both locations. The Solinst barologger installed at 

Dismal Swamp was used to compensate water level recordings at the cross section sites 4.6.2. All 

monitoring infrastructure were accurately surveyed (using RTK differential GPS) to AHD so that water 

levels could be translated into relative levels (metres above sea level) and used to compare surface and 

groundwater levels. Information for the deep state monitoring bore M4 are included also for 
comparison (Table 4 and Table 5). 

 Table 3 Summary of surface water monitoring locations and infrastructure. 

(Note: coordinates are in Datum GDA94, Zone 55) 

Site Name Easting  Northing  Date Deployed 

Duck River @ Lades Road 340060 5469892 17/05/2011 

Duck River @ Poilinna Road 335328 5461867 18/05/2011 
 

 Table 4 Summary of groundwater monitoring locations and infrastructure. 

(Note: coordinates are in Datum GDA94, Zone 55) 

Site Name Easting  Northing  Depth 
(m 
below 
ground 
level) 

mAHD 
at 
groundl
evel 

Top of 
Casing 
(m 
above 
ground 
level) 

Date Drilled 
(Deployed) 

Quilliam 1 @ Lades Road 340050 5469904 5.5 12.50 0.5 3/05/2011 
(17/05/2011) 

Quilliam 2 @ Lades Road 340040 5469921 4.7 13.10 0.6 3/05/2011 
(17/05/2011) 

Quilliam 3 @ Lades Road 340028 5469936 5.2 13.00 0.5 3/05/2011 
(17/05/2011) 

Nature Reserve 1 @ Poilinna Road 335350 5461868 4.5 24.98 0.5 4/05/2011 
(18/05/2011) 

Nature Reserve 2 @ Poilinna Road 335373 5461872 4.62 24.89 0.45 4/05/2011 
(18/05/2011) 

Nature Reserve 3 @ Poilinna Road 335394 5461864 7.34 24.89 0.66 4/05/2011 
(18/05/2011) 

VDL 1 @ Poilinna Road 335314 5461875 5 25.57 0.45 3/05/2011 
(18/05/2011) 

VDL 2 @ Poilinna Road 335296 5461867 4.7 24.81 0.59 3/05/2011 
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(18/05/2011) 

VDL 3 @ Poilinna Road 335278 5461860 2.61 24.85 0.45 3/05/2011 
(18/05/2011) 

M4 – State Monitoring Network Bore 339959 5469994 43 13.49 0 18/04/2008 
(15/10/2010) 

 

3.3.6. Water Sampling 

Water in the monitoring bores and river was sampled, to monitor seasonal variation of water 

chemistry. Water was sampled for general chemical parameters such as TDS, EC, pH, as well as a full 

suite of anions, metals, and nutrients in VDL 2 and the Duck River at Lades Road. Samples were 

analysed at Analytical Services Tasmania (AST), New Town Laboratory. Point data for EC, 

temperature and pH were also collected from both groundwater and surface water sites where 

possible, using a WTW Multiline P3 hand held meter (approximately 5 readings from 4 bores). 

3.4.  Groundwater Monitoring 

Groundwater monitoring bores were first installed in the Duck River catchment in the early 1990‟s by 

the Tasmanian Department of Mines (now Mineral Resources Tasmania). The bores (Montagu, 

Trowutta, South Forest) were fitted with automatic water level and temperature loggers in the early 

2000s and sampled biannually for basic water chemistry and manual water level from around 1990 until 
2009. None of the above mentioned bores were installed in the Smithton Dolomite aquifer. 

As a part of a larger groundwater modelling project four additional monitoring bores (M1-M4) were 

installed in 2008 with the express purpose to provide additional information on the physical nature of 

the dolomite aquifer and to provide long term water level and quality monitoring.   

At the site of monitoring bore M3, dolomite was not encountered during the 50m of drilling. Instead 

approximately 45m of mudstone was drilled. It is not possibly to determine from the drill log if the 

mudstone is of the Togari Group sequence or the younger Scopus Formation. Harrington and Currie 

(2008) have attributed it to the Scopus Formation. 

As mentioned in Section 3.1.3,17 additional bores were drilled as a part of this project. Two of the 

shallow bores have been retained (Q2 & NR1) and incorporated into the statewide groundwater 

monitoring network (Table 5). Monitoring bores AR1 and AR2 are deeper bores that have been 

installed to monitor the groundwater divide in the south of the study area and to provide long term 
information on the groundwater levels in the far south of the recharge area. 

All of the monitoring bores in the catchment have had Insitu Level Loggers installed to measure 
standing water levels and temperature once per hour. 

 Table 5 Shallow monitoring bore monitoring status 

Monitoring Bore Aquifer Monitoring Start Monitoring End 

Q1 Quaternary May 2011 October 2011 
Q2 Quaternary May 2011 Ongoing 
Q3 Quaternary May 2011 October 2011 
VDL1 Quaternary May 2011 October 2011 
VDL2 Quaternary May 2011 October 2011 
VDL3 Quaternary May 2011 October 2011 
NR1 Quaternary May 2011 Ongoing 
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NR2 Quaternary May 2011 October 2011 
NR3 Quaternary May 2011 October 2011 
 

3.5. Surface Water Monitoring 

There are two streamflow monitoring stations in the Duck River catchment which are maintained as 

part of the DPIPWE state-wide monitoring network (Table 6). Water quality monitoring is only 
undertaken at the Duck River upstream of Scotchtown Road station (Site 14214).  

 Table 6 Surface water monitoring stations in the Duck River catchment. 

Site ID Site Name Start End 

14214 Duck River u/s Scotchtown Road April  1966 Current 
14238 Edith Creek 600m u/s Duck River June 2008 Current 
14232 Duck River @ Roger River May 1985 February 1990 
14233 Duck River @ Edith Creek May 1985 April 1989 
14239 Edith Creek @ Edith Creek November 1990 January 1999 
14240 Edith Creek u/s Duck River November 1990 April 1991 
14244 Roger River @ Buffs Road October 1991 December 1998 
14256 Coventry Creek @ Scotchtown Road April 1992 December 1998 
 

3.5.1. Water Quality 

Water temperature, electrical conductivity and turbidity are continuously monitored at the 

Scotchtown Rd station. Periodic water sampling is also conducted. Sampling consists of spot 

measurements of selected water quality parameters on-site (water temperature, turbidity, 
conductivity, pH and dissolved oxygen).  

Water quality data for the „State of Rivers‟ study in the Duck Catchment was collected between 

January 1999 and December 2001. The main aim of sampling was to collect current data on the 

ambient quality of water and report on background conditions in the river system. The collection of 

data was carried out at several levels. Monthly visits were undertaken at 29 sites to determine 
physico-chemical parameters.  

Due to the costs associated with laboratory analysis, sampling for nutrients was carried out monthly at 

a subset (11) of these sites. Sampling for dissolved salts and general ionic composition was performed 

at these eleven sites on a quarterly basis. The second level of sampling involved two catchment-wide 

„snapshot‟ surveys, during which all sites in the main river and its tributaries were more 

comprehensively sampled. As well as sampling for the normal suite of physico-chemical parameters, 

sampling also encompassed nutrients, bacteria (Presumptive Faecal Coliform counts) and a number of 
the main heavy metals.  

These snapshots were carried out once each in summer and winter and were undertaken during 

„stable‟ hydrological conditions, to avoid potential discrepancies that may have been caused by the 

patchy or uneven distribution of rainfall. The third level of monitoring involved the sampling of faecal 

bacteria at four selected sites during the periods of January 2000 to June 2001. The fourth tier of 

monitoring involved the use of in-stream logging equipment to examine short-term variations in water 
quality such as dissolved oxygen and pH, which are known to undergo diurnal fluctuations. 
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The Australian River Assessment System (AUSRIVAS) has an ongoing monitoring site on the Duck 

River at Trowutta Road, downstream of Geales Creek (approximately 1 km downstream of the 
stream flow monitoring station (Site 14214).   

 

 Figure 6 State of River Reporting sites and current Stream flow monitoring sites 
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3.5.2.  Run of river sampling 

To gain a further understanding of the connectivity between the groundwater and surface water 

systems and to identify the relative importance that springs may play a run-of-river survey was 

conducted predominantly in late January 2010 with spot readings recorded throughout the project. 

The survey was conducted using a  WTW Multiline P3 hand held meter that could record pH, 
conductivity and temperature.   

Electrical conductivity, pH and temperature measurements were recorded at intervals along the major 

rivers and streams within the study area. The aim of which was to characterise the very basic water 

characteristics and to map changes along the river length. Where major changes in conductivity were 
detected an attempt was made to further identify the source of the different water type.  

Instantaneous flows were also recorded at most sample sites in order to broadly assess gains and 
losses to surface stream systems. 

In addition to the field based run-of-river survey an evaluation of existing surface water chemistry data 

was conducted using the „State of Rivers‟ spot sampling data (Section 3.5.1). Using this data a 

comparison was made between samples obtained during summer and winter and compared to typical a 

„typical‟ groundwater sample obtained from the Smithton Dolomite aquifer.  The analysis attempts to 

identify a groundwater signature in surface water flows. It assumes that flows in the winter period (ie 

runoff) is much higher than in summer and hence the groundwater signature may be masked. 
 

3.6. Dismal Swamp Case Study 

Dismal Swamp, located south of the Bass Highway, just west of Bond Tier and between the Montagu 

and Welcome Rivers, was selected as a case study site for a relatively intact karstic wetland and a 

groundwater dependent ecosystem. Few intact examples exist in the Duck catchment, however it was 

assumed that many of the now drained swamps in that catchment (Broadmeadows and Junction Plain) 

and the adjacent Montagu catchment (Brittons Swamp, Togari), may have behaved similarly and 
supported similar ecosystem functions and processes as that of Dismal Swamp. 

The primary objective of Dismal Swamp investigations was to understand the hydrology and 

connectivity between surface water and groundwater resources at the site and particularly the 
sinkhole in the northern end of it. The sink hole is approximately 5m deep and 25m wide. 

3.6.1. Monitoring Infrastructure 

In order to investigate the connected water resources of Dismal Swamp, both groundwater and 

surface water monitoring sites were established within and around the swamp and a series of water 
sampling was undertaken. A map showing monitoring sites is included in Figure 8. 
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3.6.2 Surface Water 

Water level loggers (Solinst 3001 LT Levellogger Junior) were installed in the main inflow and outflow 

creeks, as well as the Dismal Swamp sinkhole. A Solinst barologger was also installed on the side of the 

sinkhole to calibrate water level recordings. 

A YSI 6-series sonde with the following sensors: pH, EC, temperature, DO, turbidity, was also installed 

in the middle of the sinkhole, together with the Solinst levellogger. A pulley system was developed to 

ensure that loggers could be retrieved, downloaded and replaced accurately whether the sinkhole was 

full or empty. 

 

 Figure 7 YSI sonde and levellogger pulley system setup at Dismal Swamp sinkhole. 

Gauge boards were established at locations where level loggers were installed (i.e. inlet, outlet and 

sinkhole), so that manual readings could be taken during field visits to calibrate continuous data from 

the data recorders. These gauge boards together with all other monitoring infrastructure were also 

accurately surveyed to AHD *(using RTK differential GPS) so that water levels could be translated into 

relative levels (metres above sea level) (Table 7). 

 Table 7 Summary of surface water monitoring locations and infrastructure. 

(Note: coordinates are in Datum GDA94, Zone 55) 

Site Name Easting  Northing  Equipment 
Date 
Deployed 

Dismal swamp sinkhole 317036 5464297 

Barologger, 
levellogger, YSI, 
gaugeboard 20/01/2011 

Dismal Swamp outlet - western side @ culvert 
east side of Dismal Rd 317020 5462509 

Levellogger, 
gaugeboard 19/05/2011 

Dismal swamp inlet - northern side of Bass 
HWY @ culvert 316849 5464711 

Levellogger, 
gaugeboard 19/05/2011 
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3.6.3 Groundwater 

Ideally, four shallow monitoring bores would have been drilled on each side of the swamp, however a 

bore was unable to be drilled on the eastern side of the swamp due to the presence of a consolidated 

rock substrate. Monitoring bores were successfully drilled on all other sides (i.e. north, west and 

south) of Dismal Swamp using a small trailer-based drill rig maintained by Mineral Resources Tasmania 

(maximum drill depth 15m) (Table 8). Bores were fitted with levelloggers to continuously record 

standing water level (one record per hour). Solinst equipment was used for all sites except the 

southern bore where an In-Situ Leveltroll 500 was used instead due to equipment availability 

limitations. A deep bore existed at the Tarkine Adventures site (Bore ID 30288). This bore was 

surveyed and standing water level manually monitored to provide additional context to the water 
table/aquifers in the vicinity of the swamp. 

 Table 8 Summary of groundwater monitoring locations and infrastructure. 

(Note: coordinates are in Datum GDA94, Zone 55) 

Site Name Easting  Northing  
Depth 
(mbgl) 

mAHD 
at gl 

Top of 
Casing 
(m) 

Date Drilled 
(Deployed) 

Dismal Swamp - western bore (eastern 
side of Dismal road, near outlet) 317036 5462557 5.6 42.90 0.40 

5/05/2011 
(19/05/2011) 

Dismal Swamp - northern bore (west of 
inlet, north of Bass HWY) 316828 5464702 14.64 44.96 0.30 

5/05/2011 
(19/05/2011) 

Dismal Swamp - southeast bore (off 
Bon Tiers Rd) 319326 5460696 8.63 42.06 0.60 

5/05/2011 
(19/05/2011) 

Dismal Swamp deep bore – Tarkine 
Adventures (Bore ID 30288) 318758 5463697 75 80.94 -0.79 

4/02/2004 
(N/a) 
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 Figure 8 Map of Dismal Swamp monitoring locations. 

 

3.6.2. Water Sampling 

Water in the monitoring bores (except for the northern bore due to low yield and poor 

development), inlet, outlet and sinkhole were sampled, some on numerous occasions, to monitor 

water chemistry and the seasonal variation within it (Table 9). Water was sampled for general water 

chemistry parameters such as TDS, EC, pH, as well as a full suite of anions, metals, and nutrients (a list 

of assessed parameters is presented in the results section below). Samples were analysed at the 

Analytical Services Tasmania (AST), New Town Laboratory. 

Point data for EC, temperature and pH was also collected from both groundwater and surface water 

sites where able, using a WTW Multiline P3 hand held meter. Four spot readings for Dismal Swamp 

sinkhole were taken, three for the inlet and two for the outlet. Four bore spot readings were taken 

overall. 

 Table 9 Summary of water sampling locations and sampling frequencies. 

Site Name 
No. 
Samples  

Sample 
Dates 

Lab Report 
No. 

Groundwater 

Dismal Swamp - southeast  bore (off Bon Tiers Rd) 1 19/05/2011 49124 

Dismal Swamp deep bore – Tarkine Adventures (Bore ID 30288) 1 19/05/2011 49124 

Dismal Swamp - western bore (eastern side of Dismal road, near 1 19/05/2011 49124 

Inlet 

Outlet 

Tarkine 

Adventure

s 

Sinkhole
ee 
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outlet) 

Surface Water 

Dismal swamp sinkhole 3 

03/09/2010 
20/01/2011 
5/07/2011 

45829 
47592 
49706 

Dismal Swamp outlet - western side @ culvert east side of Dismal 
Rd 1 21/01/2011 47592 

Dismal swamp inlet - northern side of Bass HWY @ culvert 1 5/05/2011 48971 
 

3.7. Mound Springs 

Mound springs are a significant and relatively common feature of the Smithton Syncline region. They 

are known to occur in a few isolated patches elsewhere throughout Tasmania, however Smithton 

appears to support by far the greatest number and the highest density of mound springs. The density 
of mound springs within parts of the catchment is most likely not matched anywhere in Australia. 

Mound springs offer a window to the underground world and are fascinating from a connected water 

point of view. Due to these reasons, mound springs were mapped and a rapid inventory undertaken to 

compliment the parallel hydrogeological and connected water studies being undertaken in the region. 

Water sampling, spring dating and mound surveys were also completed to provide additional 
information.  

3.7.1. Mapping 

A number of mound springs and spring deposits had already been mapped via previous studies. These 

included relevant 1:25,000 Tasmanian Geological Survey mapsheets (siliceous and calcareous spring 

deposits), Greenstone Resources NL report on Roger River (Greenstone Resources NL 2001), and 

spring mapping reference data from Michael Baveau, a UTas Honours student.  

High resolution LiDAR (0.5m) data had also been compiled for coastal areas of the state, including the 

northern sections of the Duck catchment. This LiDAR data was used to create a point dataset for 

mound springs where coverage existed (primarily Mella). This was a simple process as the elevation of 

the mounds in the flat landscape meant that the mounds were easily distinguishable from surrounding 

features. A few other previously unmapped mound springs were opportunistically mapped during field 

investigations or from landholder information (see Table 10 for summary of mound spring map 

sources). 

 Table 10 Summary of mound spring mapping inputs. 

Information Source No. Mounds Mapped 

1:25,000 Tasmanian Geological Survey mapsheets: 
Siliceous mound spring deposits (Qhss) 
Calcareous mound spring deposits (Qhsc) 

 
3 
11 

Greenstone Resources Roger River Report 32 
M.Baveau spring mapping 15 
LiDAR coastal mapping 35 
Opportunistic/landholder information 12 
Total 108 
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The information from all of these sources was collated and a final mound spring layer created. In all, 
108 mound springs were mapped and reconciled with previously identified springs (Figure 9). 

 

 Figure 9 Collated mound spring mapping for the Duck catchment. 
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3.7.2. Inventory and Database 

Information collected included site details, landscape setting details, geology, spring information, asset 
and threat information, sample records and site sketches. 

The rapid assessment was aimed at confirming mound spring locations, their status (i.e. active, 

inactive), discharge and seasonality, surrounding land use and spring values. 

Each of the 108 mapped mound springs was assessed using the datasheets over the period 30/05/2011 

to 3/06/2011.  When the inventory had been completed, data for 110 mound springs had been 

collected. The final number is different to that above due to field validation of mapped springs, i.e. the 

location of more mound springs than originally mapped and the deletion of others when mapped 

incorrectly or mapped more than once. This data was then entered into the Smithton Mound Springs 

Database (a Microsoft Excel database - Smithton_moundsprings_Database.xlsx) to readily enable 

interrogation of the data. Site photos were linked to the database where available.  

3.7.3. Water Sampling 

Where mound springs were active, general water chemistry information was recorded using the 

WTW Multiline P3 hand held water quality meter (EC, pH, temperature) and water samples were 

taken from selected sites to test for general water chemistry (including major anions, cations, nutrients 

and metals). All samples were analysed at the AST New Town laboratory. Water sampling was 

undertaken to help determine the primary water source of the spring water and hence it‟s connectivity 
with underlying aquifers.  

Spring dating using Chlorofluorocarbons (CFCs) was also undertaken. with analysis carried out at the 

CSIRO laboratory in Adelaide. CFC/water dating results would also help to determine the age (and 

potentially the source) of water, and the transmissivity of associated aquifers. A summary of key water 
samples taken is presented in Table 11. 

 Table 11 Summary of water samples collected from mound springs. 

Note: Site ID corresponds to the entry in the database. 

Site ID Site Location Hand Held Water 
Quality Meter 

General Water Chemistry CFCs 

5 Irishtown x x x 
16 Edith Creek x x x 
26 Deep Creek Bay x x x 
28 Deep Creek Bay x   
33 Pulbeena x x  
48 Smokers Bank x x x 
55 Smokers Bank x   
67 Mella x x x 
74 Mella x   
75 Mella x   
76 Mella x   
77 Mella x   
78 Mella x   
79 Mella x   
80 Mella x   
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81 Mella x   
100 Mella x   
101 Mella x x  
102 Mella x   
103 Mella x   
104 Mella x   
105 Edith Creek x   
106 Edith Creek x   

 

3.7.4. Site Survey 

Mound spring heights were recorded in order to compare with locations of artesian wells and as a 

window into historic piezometric surfaces (i.e. the spring mounds were created from flowing water so 

at some point in time the water pressure in the aquifer was so great that water flowed at the height of 

the spring mound vent. Mound spring elevations were easily acquired from the LiDAR data for the 

majority of springs near Mella and the coast (38). For springs south of the LiDAR extant, 33 were 

opportunistically surveyed during associated field work in July and the others were given best estimate 

elevations using available topographical imagery and contour information.  Elevation information was 
entered into the mound spring database. 
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4. Results  

4.1. Hydrogeology 

4.1.1. Groundwater quality 

Groundwater quality varies spatially across the catchment and appears to be predominantly 

determined by position along the flow path and the aquifer unit.  Although data is sparse, the Keppel 

Creek Aquifer and basalt aquifers generally have TDS values below 200 mg/L. One high value of 803 

mg/L was recorded from a bore presumed to be from the Keppel Creek Aquifer.  The bore hole log 

recorded by the driller at the time of drilling records limestone as the main aquifer, however this 

seems unlikely as the bore plots on the Keppel Creek unit on the 1:25000 series geological map.  

In the Smithton Dolomite, the TDS is generally found to increase from the south (Roger River) to the 

coast (see Figure 11) with values increasing from around 300 mg/L up to 1900 mg/L.  A particularly 

sharp increase in TDS can be observed north of the assumed dolerite dyke swarm that is discussed in 
section 3.3.1.   

 

 Table 12 Groundwater quality sampling results from selected bores 

Site Aquifer Date pH 

EC 

(uS/cm) Temp   TDS Comment 

40503 

Smithton 

Dolomite 24/05/2010 6.9 493 12.5 298   

40502 
Keppel Creek 
Fm 24/05/2010 7.7 1260 12.9 803   

786 

Smithton 

Dolomite 27/05/2010 6.6 679 18.4 356 Artesian 

40939 
Smithton 
Dolomite 27/05/2010 7 844 18.1 479 Artesian 

40165 

Smithton 

Dolomite 24/05/2010 6.6 660 12.3 384   

40166 
Smithton 
Dolomite 22/05/2010 6.7 652 12.1 406   

40127 
Smithton 
Dolomite 24/05/2010 6.9 835 14.8 492 Artesian 

40257 
Smithton 
Dolomite 21/05/2010 7.5 668 12.6 382   

40139 
Smithton 
Dolomite 22/05/2010 6.9 911 12.1 556   

40268 

Smithton 

Dolomite 23/05/2010 6.8 548 12.6 351   
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Site Aquifer Date pH 

EC 

(uS/cm) Temp   TDS Comment 

40502 
Smithton 
Dolomite 27/05/2010 7.2 842 18.4 476 Artesian 

30584 

Smithton 

Dolomite 27/05/2010 7.3 1270 12.4 1050   

31219 
Smithton 
Dolomite 21/05/2010 7 716 12.2 428   

32135 

Smithton 

Dolomite 27/05/2010 6.7 846 17.5 488   

B100 
Smithton 
Dolomite 22/05/2010 7.3 846 11.7 507   

B104 

Smithton 

Dolomite 25/05/2010 6.8 723   436   

B44 
Smithton 
Dolomite 24/05/2010 6.7 938 14 626   

40238 
Keppel Creek 
Fm 19/05/2010 7.6 262 11.6 168   

40239 
Precambrian 
Basalt 19/05/2010 6.6 176 11 110   

40408 
Black River 
Dolomite 20/05/2010 7.7 491 10.6 277   

31476 

Smithton 

Dolomite 21/05/2010 7.2 804 12.1 511   

16591 
Smithton 
Dolomite 21/05/2010 7.5 587 11.7 326   

M1 

Smithton 

Dolomite 23/05/2010 7.2 1380 11.9 936   

M2 
Smithton 
Dolomite 23/05/2010 7.3 808 13.8 488   

M3 
Keppel Creek 
Fm 23/05/2010 7.7 613 12.8 394   

M4 
Smithton 
Dolomite 23/05/2010 7.1 679 11.9 422   

Monquill_1 
Smithton 
Dolomite 21/05/2010 7 655 12.2 439   
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Site Aquifer Date pH 

EC 

(uS/cm) Temp   TDS Comment 

NI_S1 
Smithton 
Dolomite 21/05/2010 6.8 772 12.1 461   

14874 

Smithton 

Dolomite 19/05/2010 7.4 432 11.7 276   

14875 
Smithton 
Dolomite 19/05/2010 7.4 534 11.3 302   

14872 

Smithton 

Dolomite 19/05/2010 7.2 478 11 263   

Cunningham_2 
Smithton 
Dolomite 24/05/2011 7.3 4810   1990   

31422 Scopus Fm 23/05/2011 6.4 1430   955   

Archie_May_11 

Smithton 

Dolomite 24/05/2011 6.7 3850   1890   

Cunningham_1 
Smithton 
Dolomite 24/05/2011 7.6 3070   1450   

Innes-Smith 

Smithton 

Dolomite 25/05/2011 6.9 721   432   

40664 
Smithton 
Dolomite 24/05/2011 6.9 2960   1450   

40182 
Smithton 
Dolomite 25/05/2011 6.3 396   218   

Montagu Scopus Fm 23/05/2011 5.9 1040   701   

40361 
Smithton 
Dolomite 25/05/2011 7 700   392 Artesian 

AR1 
Smithton 
Dolomite 6/09/2011 7.4 453 12     

AR2 
Smithton 
Dolomite 7/09/2011 8.2 500 12.2     
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In terms of suitability for human consumption the Australian Drinking Water Guidelines 2011 do not 

specify a health value specific to TDS. They instead provide a guide based on the palatability and social 
acceptance.  

 Figure 10 Drinking water guideline for TDS (from Australian Drinking Water Guidelines 2011) 

TDS (mg/L) Palatability 

0 – 600 good 

600 – 900 fair 

900 - 1200 Poor 

>1200 Unacceptable (unpalatable) 

 

As such the groundwater south of the dolerite dykes would be considered as suitable for human 

consumption. However as Guilline (1959) observed, the Smithton Dolomite is generally considered 

suitable for stock and irrigation purposes but it considered too hard for human consumption.   
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 Figure 11 Groundwater Total Dissolved Solids (TDS mg/L) spatial distribution 
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4.1.2. Groundwater Chemistry 

Natural waters Including rainfall) are never pure and will always contain some dissolved solids and 

gases. Generally speaking precipitation will contain relatively small concentrations of dissolved solids as 

compared to groundwater and surface water. 

Groundwater moving through the aquifer has the potential to dissolve some of the constituent 

minerals (or conversely precipitate minerals) which can lead to a “typical” or “signature” water type 

for particular aquifer types. Trace gases such as CFC‟s, are an atmospheric substance derived from 

refrigeration and other anthropogenic sources from the 1950s through the 1980s, which dissolve in 

precipitation, become incorporated in the Earth‟s hydrologic cycle, and can be found in groundwater 

that has been recharged within the past 50 years. They can aid in determining the age of the water and 

depth of percolation. 

As previously discussed, this project has mainly focussed on the dolomite aquifer that occupies the 

Duck River Valley, although limited water samples were taken from bores that are installed in other 

aquifer units.  The results of the water samples taken for this project are presented in Appendix C.  

Water types can be determined by plotting the major ions (Ca, Mg, Na, K, Cl, HCO3, CO3 SO4) on 

Piper Plots. All of the groundwater samples have been plotted by aquifer and are presented below. A 
rainwater analysis has been added for comparison.  

  

 Figure 12 Plot of groundwater samples by aquifer. Rainwater analysis added for comparison 
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As confirmed during the bore survey (section 4.1.5) the Smithton Dolomite is the predominant water 

supply aquifer in the catchment, although the other aquifer units provide a valuable source of water for 
domestic and commercial use.  

Smithton Dolomite Aquifer 

Dolomite is a mineral primarily composed of carbonates of calcium and magnesium in equal molecular 

proportions (Brown 1989).  The pure form of dolomite is CaMg(CO3)2. Nye et al. (1934) analysed 

several samples of the Smithton Dolomite which approximated the pure dolomite mineral but did 
contain traces of silica, iron, aluminium, titanium, phosphorous and sulphur.  

It can therefore be expected that the water obtained from the Smithton Dolomite Aquifer will reflect 

this chemical composition as well as the composition of the original recharge water and potentially 

that of the unsaturated zone in the recharge area. 

The basic water parameters for samples taken from the Smithton Dolomite are provided below.  

 Table 13 Basic water quality parameters and water type for samples obtained from the 
Smithton Dolomite 

Bore ID Aquifer pH 
Temp 
°C 

TDS 
(mg/L) 

Water Type 

14872 
Smithton 

Dolomite 
7.2 11.1 263 Mg-Ca-HCO3-Cl 

14874 
Smithton 

Dolomite 
7.4 11.7 276 Ca-Mg-HCO3-Cl 

14875 
Smithton 

Dolomite 
7.4 11.3 302 Ca-Mg-HCO3 

16591 
Smithton 

Dolomite 
7.5 11.7 326 Ca-Mg-HCO3 

30584 
Smithton 

Dolomite 
7.3 12.4 1050 

Ca-Mg-SO4-

HCO3 

31219 
Smithton 

Dolomite 
7 12.2 428 Ca-Mg-HCO3 

31476 
Smithton 

Dolomite 
7.2 12.1 511 Mg-Ca- HCO3 

32135 
Smithton 

Dolomite 
6.7 17.5 488 Ca-Mg- HCO3 

40127 
Smithton 

Dolomite 
6.9 14.8 492 Ca-Mg- HCO3 

40139 
Smithton 

Dolomite 
6.9 12.1 556 

Ca-Mg- HCO3-

Cl 

40165 
Smithton 

Dolomite 
6.6 12.3 384 

Ca-Mg- HCO3-

Cl 

40166 
Smithton 

Dolomite 
6.7 12.1 406 

Ca-Mg- HCO3-

Cl 

40182 
Smithton 

Dolomite 
6.3 na 218 

Mg-Ca-Na- 

HCO3-Cl 

40257 Smithton 7.5 12.6 382 Ca-Mg- HCO3 
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Bore ID Aquifer pH 
Temp 
°C 

TDS 
(mg/L) 

Water Type 

Dolomite 

40268 
Smithton 

Dolomite 
6.8 12.6 351 

Ca-Na-Mg- 

HCO3-Cl 

40361 
Smithton 

Dolomite 
7 na 392 Ca-Mg- HCO3 

40503 
Smithton 

Dolomite 
6.9 12.5 298 

Ca-Mg- HCO3-

Cl 

40664 
Smithton 

Dolomite 
6.9 na 1450 

Ca-SO4-Cl- 

HCO3 

40939 
Smithton 

Dolomite 
7 18.1 479 Ca-Mg- HCO3 

786 
Smithton 

Dolomite 
6.6 18.1 356 Ca-Mg- HCO3 

Archie 
Smithton 

Dolomite 
6.7 na 1890 

Na-Ca-Mg-Cl- 

HCO3 

B100 
Smithton 

Dolomite 
7.3 11.7 507 Ca-Mg- HCO3 

B104 
Smithton 

Dolomite 
6.8 na 436 

Ca-Mg- HCO3-

SO4 

B44 
Smithton 

Dolomite 
6.7 14 626 

Ca-Mg- HCO3-

SO4 

30386 
Smithton 

Dolomite 
7.3 na 1990 

Na-Ca-Cl- 

HCO3 

M1 
Smithton 

Dolomite 
7.2 11.9 936 

Ca-Mg- HCO3-

Cl-SO4 

M2 
Smithton 

Dolomite 
7.3 13.8 488 Ca-Mg- HCO3 

M4 
Smithton 

Dolomite 
7.1 11.9 422 

Mg-Ca-Na- 

HCO3-Cl 

Monquill_1 
Smithton 

Dolomite 
7 12.2 439 

Ca-Mg- HCO3-

Cl 

NI_S1 
Smithton 

Dolomite 
6.8 12.1 461 Ca-Mg- HCO3 

 

In the majority of the samples the dominant cations are calcium and magnesium with the dominant 

anion being bicarbonate followed by chloride.  The dominant water type is a Ca-Mg- HCO3 followed by 

Ca-Mg- HCO3-Cl.  In the few cases where magnesium is the dominant cation followed by calcium the 

molar ratio is between 1.03 – 1.08.  

Several of the samples deviate from the “typical” Ca-Mg- HCO3 or Ca-Mg- HCO3-Cl type water.  Water 

samples from bores B104 and B44 have significantly higher concentrations of sulphate (133mg/L & 118 

mg/L respectively) than what is typical for the dolomite (mean 76.6mg/L, median 10.5mg/L).  Whilst it 

cannot be ruled out, there is no evidence to suggest that the Smithton Dolomite has any widespread 
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occurrence of sulphur bearing minerals (Davidson et. al. 2011). Water samples obtained from the two 

shallow monitoring bores, M1 shallow and M2 shallow do have elevated sulphate levels (312mg/L and 

201 mg/L) and consequently it is interpreted that B104 and B44 are probably screened across (or at 

least not sealed from) the Quaternary and hence the water sample is probably a mixture of the two 

aquifer waters. It is possible that the source of sulphates is oxidised sulphides which were originally 

deposited in Quaternary marine sediments.  Bore construction details are not available for the two 

bores and hence this would need to be verified, possibly by using a downhole camera. 

Bores 40664, 30584, M1, 30386, and Archie display chemical signatures that differ from the typical Ca-

Mg- HCO3 type water and have a TDS that is higher than most Smithton Dolomite waters. All of the 
bores plot to the north of the dykes shown in Figure 18.   

From the Piper diagram below there is a significant increase in the proportion of sulphate in bores M1, 

30584 and 40664 and a relative increase in calcium.  In the case of M1, the water analysis closely 

approximates that of the shallow paired monitoring bore M1 shallow (Appendix C).   

 

 Figure 13 Plot of Smithton Dolomite samples north and south of the inferred dolerite dykes. 
Scopus Formation and Quaternary samples added for comparison 

   

This is most likely a result of the high degree of hydraulic connectivity between the two aquifers, (as 

reported in section 4.4) that has led to a mixing of waters. The predominance of Ca, Mg and HCO3 

would still indicate that the dolomite is the dominant unit affecting the water chemistry. 

Likewise in bore 30584 Ca and Mg are the major cations with a bias towards Ca. Sulphate is the 

predominant anion followed by HCO3,, again most likely indicating that water in the overlying 

Quaternary marine sediments is in direct hydraulic connection with the dolomite aquifer.  Bore 40664 

differs from M1 and 30584 in that Ca and SO4 are the dominant cations and anions respectively 

followed by Na and Cl.  It is possible that the elevated Ca and SO4 might be derived from the 

dissolution of a sulphate bearing mineral such as gypsum, however there is no evidence in the drill log 
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for the bore that suggests this is the case.  Given the similarity in water type to the shallow 
Quaternary it is again interpreted that the water chemistry has been influenced by this aquifer. 

Black River Dolomite 

The Black River Dolomite crops out at numerous locations across the Duck Catchment. Unlike the 

Smithton Dolomite, which is considered to be a relatively pure dolomite, the thick sequence of Black 

River Dolomite contains a variety of interbedded material including mudstone, cherty material, 
sandstone etc.  

Only four bores surveyed were identified as being installed in the Black River Dolomite and only one 

water sample was obtained. The bore that was sampled occupies a similar position to that of the Duck, 

Birthday and White Water springs discussed in section 4.3.2. As such the spring water samples have 

been included in the Piper plot below. 

 

 

 Figure 14 Black River Dolomite Bore Sample with escarpment springs for comparison  

 

As can be seen on the Piper plot all four of the water samples effectively plot on the same position 

giving a Ca-Mg-HCO3 water type similar to the Smithton Dolomite. The consistency of the analysis 

between the springs and the bore confirms the Black River Dolomite unit as the common source of 
water.   The full water analysis is presented in Appendix C. 

Given that the Black River Dolomite is not necessarily regarded as a pure dolomite (Brown 1989) the 

near pure dolomite signature may be considered surprising.    However, as dolomite beds are likely to 

be more reactive than the more siliceous beds within the Black River Dolomite, conduits may have 
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preferentially developed and thus the water samples may be coming from a more homogenous 
dolomite bed. To confirm this it would be necessary to drill a series of cored stratigraphic bores.  

Scopus Formation 

Limited water samples were obtained from the Scopus Formation. The basic water chemistry 
parameters are presented below with the full analysis in Appendix C. 

 Table 14 Basic water chemistry parameters for Scopus Formation Aquifer 

Bore ID Aquifer pH 
TDS 
(mg/L) 

Water Type 

31422 Scopus Fm 6.4 955 
Na-Mg-Ca-Cl- 
HCO3 

Montagu Scopus Fm 5.9 701 Mg-Na-SO4-Cl 

4373 Scopus Fm 7.6 1450 Na- HCO3-Cl 

 

As presented in the table above and in Figure 12 the water types from the Scopus vary considerably 

from one another and significantly from the typical Smithton Dolomite signature.  The variation in the 

Scopus Formation aquifer suggests that there is a high degree of mixing of waters from different 
sources.  

In the Montagu monitoring bore, SO4 is by the dominant anion followed by Cl. Na dominates the 

cations followed by Mg.  The ratio of HCO3 to Mg and Ca is 0.3 and 0.75 which eliminates the 

dolomite as a potential mixing source.  As has been mentioned previously, the source of SO4 remains 

unresolved but could be derived from sulphide (or sulphate) bearing minerals in the Scopus (which has 
not been observed) or potentially from the overlying Quaternary material.  

In bore 31422, Na and Cl are the dominant cations and anions respectively, with a ratio of 0.61 

(seawater 0.858) followed by Ca, Mg from the cations and HCO3 as the next most common anion. 

Given the close proximity to the coast, it is probable that precipitation in the near marine 

environment and marine aerosols will have at least a partial influence on the bulk water chemistry. The 

Ca:Mg ration was 0.86 and the HCO3 to Ca and Mg was 3.07 and 3.53 respectively. This at least 

partially suggests that there is a degree of discharge from the underlying dolomite unit.    

In bore 4373 Na is by far the dominant cation followed by Ma then Ca. HCO3 is the dominant anion 

followed by Cl. The HCO3 to Mg and Ca ratio is 11.7 and 14.3 respectively which probably indicates 

that there is little contribution from the dolomite unit. The Na:Cl ratio is 2.2 well in excess of the 

typical seawater ratio of 0.858. Interestingly the Cl:Br ration is 610 compared to the typical seawater 

ratio of 648 indicating that the source of the Cl is mainly derived from precipitation whereas there has 
been a relative increase in Na probably derived from the bedrock material.  

4.1.3. Groundwater Dating 

Water samples were taken from a select group of bores and analysed for chloroflurocarbons (CFCs) 

to aid in determining the residence time of the groundwater. As previously discussed, CFC are 

anthropogenic compounds released into the atmosphere up until around the mid 1980s when they 

gradually were phased out due to their deleterious effect on the earth‟s ozone layer. Precipitation 

dissolves the CFC in approximate concentration to the atmospheric concentrations of the day. Once 

the precipitation becomes isolated from the atmosphere (ie. recharge) the concentrations of individual 
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CFCs generally do not degrade markedly from the time of isolation. By comparing the concentrations 

from water samples taken recently to known atmospheric concentrations in the past it is possible to 

determine an apparent age of the water at the time of recharge.  The apparent ages of the samples are 

presented in Table 15 and displayed in Figure 15. 

 Table 15 Apparent age of groundwater from selected bores 

Bore Date Easting Northing Elevation Aquifer pH EC 
Apparent 
Age 

41027 17/03/2011 336303 5472812 19 
Smithton 
Dolomite 7.5 668 <1965 

32135 2/09/2010 336448 5475654 17.3 
Smithton 
Dolomite 6.76 866 <1965 

40361 25/06/2011 336190 5462410 23.6 
Smithton 
Dolomite 7.15 705 1985 

40182 25/06/2011 337162 5462025 30.9 
Smithton 
Dolomite 6.7 513 <1965 

Innes-Smith 25/06/2011 337162 5462025 30.907 
Smithton 
Dolomite 6.92 717 1985 

Montagu 24/06/2011 333626 5481089 15.26 
Scopus 
Formation 5.89 1095 1986 

M3b 15/03/2008 340873 5475215 9.47 
Keppel/Scopus 

8 893 1983 

M4 15/03/2008 339959 5469994 13.49 
Smithton 
Dolomite 6.8 796 1970 

 

All of the bores sampled gave an apparent groundwater age in excess of 25 years since the recharge 

became isolated from the atmosphere.  The two  samples obtained from bores in the Mella area, 

41027 and 32135 reported an apparent age of that is prior to 1965. Due to very low concentrations of 

CFC11 and CFC12 in the atmosphere prior to 1965 it is not possible to report an accurate age 

previous to this and as such the waters may be slightly older.  Likewise bore 40182, located just south 
of Edith Creek also reported an apparent age of prior to 1965. 

Two bores, Innes-Smith and 40361, reported recharge dates of 1985 and are in close proximity to 

bore 40182.  This would indicate that the Smithton Dolomite waters are not entirely homogenised 

and that there is more than likely a number of local flow systems operating within the broader 

dolomite aquifer, possibly reflecting spatial variability of recharge across the catchment. The youngest 

water sampled was from the Montagu monitoring bore, screened in the Scopus Formation.  Further 

sampling will need to be undertaken to determine the consistency of this date across the Scopus 

Formation although as discussed above, there appears to be a mixture of different water sources that 
contribute to this aquifer near the coast and as such a variety of groundwater ages might be expected.  
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 Figure 15  CFC sampling locations and apparent groundwater ages 



Smithton Syncline Groundwater Management Area 

PAGE 49 

 

4.1.4. Drilling 

The bore logs and bore construction details are presented in Appendix F.  All bores were surveyed 
(using RTK differential GPS) by a professional surveyor from DPIPWE. 

4.1.4.1. Duck River Transect  

The transect bores (Q1-Q3, VDL1-3 & NR1-3) as discussed in section 4.3.4 were drilled for the 

purpose of evaluating the connectivity between the shallow alluvial aquifer system and the Duck River.  
All bores were drilled using the Mineral Resources Tasmania Treifus trailer mounted rig. 

The depth that the bores were drilled to was determined by the refusal or is dolomite bed rock was 

encountered. All bores were screened in material that was interpreted as Quaternary sediments or 
highly weathered dolomitic clay.  

4.1.4.2.  Shallow Paired Monitoring Bores 

Shallow monitoring bores were installed in the shallow Quaternary aquifer next to the deeper long 

term monitoring bores M1 and M2 with the aim of establishing the hydraulic connectivity between the 

two aquifer systems. It was hoped that the depth of penetration of the rig would be sufficient to tag 

the top of bedrock. Unfortunately this was not possible due to rig refusal. Nonetheless two successful 

shallow monitoring bores were able to be installed and fitted with water level recording instruments 
and is discussed further in section 3.4. 

4.1.4.3. Dismal Swamp Case Study 

Three shallow aquifer monitoring bores were installed as a part of the Dismal Swamp case study to 

study the connectivity between the surface and groundwater systems. A fourth bores was attempted 
however bedrock was effectively at the surface and could not be penetrated. 

The South and West bores were successfully installed in the surficial aquifer and discussed further in 

section 5.6.1. The Northern monitoring bore was drilled to a depth of 14.5m entirely through clay. No 

water was observed during drilling, however it was decided to complete the installation as sometimes 

water will slowly enter the bore post construction in clayey formations.  

4.1.4.4. Deep Regional Monitoring Bores 

Two deep regional monitoring bores were drilled in the south of the study area to provide 

information on the possibility of a groundwater divide, confirm the presence of the Smithton Dolomite 

aquifer and provide for long term monitoring in the South.   

Both bores were drilled to a depth of 60m. In bore AR1 Smithton Dolomite was encountered at the 

relatively shallow depth of 4m.   Several cavities were encountered that had been in filled with 

transported gravels and sands.  Two significant water strikes were encountered at depths of 11.5m and 

57-60m. The 57-60m water strike was significant as it was a 3m cavity and yielded 
approximately33L/sec. 

Unfortunately due to the significant size of the cavity of the cavity it was not possible to successfully 
place a gravel pack and seal the bore to the surface. 

In monitoring bore AR2, there was 19m of clay before Smithton Dolomite bedrock was encountered.  

The dolomite was generally cream in colour as opposed to the more greyish dolomite in AR1. The 
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unit appears to be fractured as the return chips showed signs of iron staining.  No major cavities were 

encountered during the drilling although water was struck at several depths.  A major water strike was 
found at 53.8m, yielding 18.75 L/sec. 

The standing water levels after airlift bore development were 4.18 and 3.19 mbgs for AR1 and AR2 

respectively. When presented as mAHD the level for AR1 was 32.27mAHD and 38.03 mAHD for 
AR2. 

 The data implies that, at the time of drilling, a groundwater divide exists in the south of the 

catchment, with a strong gradient towards the Arthur River and a much more gentle gradient 

northwards. It is important to note that additional bores, and a much longer record of comparative 

bore and Arthur River levels (spaninng the full seasonal variation)  would need to be drilled in order to 
conclusively demonstrate this.  

4.1.5. Bore Survey 

The bore survey attempted to physically locate all the known bores within the catchment using the 

Department‟s groundwater database as a guide to finding their location. In total there are 609 bores 

recorded in the database with the first known bore drilled in 1946.  Of the 609 bores, 345 have either 

no functional status recorded or are recorded as having an unknown functional status. 97 bores are 

recorded as abandoned and therefore no longer able to be used for the purpose of extracting 
groundwater, 10 are recorded as capped and 157 are recorded as functional.   

Although the focus of the project is largely on the dolomite aquifer in the Duck Valley, the bore survey 

was conducted across the entire Duck Catchment to further the understanding of groundwater use 

across all the major aquifers and to improve the quality of the data in GWIMS. 

In total 276 bores were physically located and mapped with a handheld GPS.  A breakdown of the 

bores by aquifer and functional status is provided in Table 16.  As demonstrated by the results in Table 

16 the majority of bores located were functional bores (214) or bores that are currently capped (32) 

but could be made functional at some time in the future, this compared with GWIMS record of 167 

functional or capped bores.  Only 28 abandoned bore were positively located which can be simply 

explained by either landowners not identifying them (if they still physically exist) due to the fact that 

they are for all intents and purposes no longer in a functioning state or there is no longer a physical 

bore in existence.  

 Table 16 Results of bore survey by aquifer and functional status 

Aquifer Total Functioning Capped Abandoned Unknown 

Quaternary 1 1       

Tertiary Basalt 44 37 4 3   

Scopus Formation 28 22 1 5   

Smithton Dolomite 150 109 25 14 2 

Keppel Creek 38 32 1 5   

Precambrian Basalt 4 3 1     

Black River Dolomite 4 4       

Rocky Cape Group 7 6   1   

Sub Total 

 

214 32 28 2 

TOTAL 276         
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Of the remaining 333 bores that could not be accounted for, it is likely that majority of them are 

abandoned or no longer actively used. Additionally, a portion of them were likely to have been 
inadvertently missed during the bore survey. 

During the bore survey the purpose of the bore was recorded along with the functional status. A 

breakdown of functional or capped bores by aquifer and purpose of the bore is provided in Table 17.  

As described above, the Smithton Dolomite is the primary water supply aquifer with a total of 133 

functional bores or bores that could readily become functional if required. Whilst there is a relatively 

high number of Smithton Dolomite bores where an intended purpose could not be identified readily 
there is clear evidence that the aquifer is an important source of irrigation and stock water supply. 

 Table 17 Functional and capped bores by aquifer and  bore purpose 

Aquifer Total Irrigation Stock Dairy  

Stock 

& 

Dairy 
Stock & 

Domestic Domestic Commercial Unknown 

Quaternary 1   1             

Tertiary 

Basalt 37 11 14     3 7     

Scopus 

Formation 23 8 10     1     3 

Smithton 

Dolomite 133 51 39 5 11   14   13 

Keppel 

Creek 32 9 11     4   1   

Precambrian 

Basalt 2           2     

Black River 

Dolomite 5 3 2   1         

Rocky Cape 

Group 6 3 2       1     

TOTAL 239                 

 

 

 

 

4.1.6. Groundwater Flow Direction 

The direction of groundwater flow can be inferred from the contours plotted in Figure 16. Due to the 

relatively large area and hydrogeological complexity within the catchment the direction of groundwater 

flow can vary considerably. Notwithstanding this some general observations regarding groundwater flow 

can be made. 

 In the far south of the catchment (approaching the Arthur River) the groundwater flow 

direction appears to be in a southerly direction towards the river. This implies that there may 
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be a groundwater divide somewhere between Donalds Road and monitoring bore AR2. This is 

based only on two data points and should only be considered as indicative of what the 
groundwater flow direction may be. 

 Towards the centre of the catchment and heading to the north, the contours indicate that 

groundwater flow is from the elevated units to the east and west towards the valley floor and 
likely discharging to the Duck River. 

 In the Mella-Broadmeadows area groundwater flow is generally north-easterly in agreement 

with Davidson et al. (2007) and Harrington and Currie (2008) and appears to trend towards 
the Duck River. 

 In the far north of the catchment flow appears to be towards the coast with groundwater 

more than likely discharging to the sea. 
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 Figure 16 Potentiometric Elevation Contours 
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4.2. Recharge 

4.2.1. Diffuse Recharge 

The results for the chloride mass balance approach are presented in Table 18. Using this approach 

recharge varies across each zone and has a range of between 35.7mm/yr – 616mm/yr  with the average 

being 352mm/yr. The recharge estimates tend to be the highest towards the south of the study area 

and on the elevated areas to the east and west.  This gives a total potential recharge of 151 421 ML/yr.  

This rate is about 17mm/yr higher than the maximum recharge rate estimated by Harrington and 

Currie (2008) by the chloride mass balance method and considerably higher than the other methods 
used (Table 19). 

 

 Figure 17 Recharge Zones used for estimate of recharge by chloride mass balance  
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 Table 18 Recharge estimate based on chloride mass balance approach 

 

The range of recharge rates (up to 616 mm/yr) and the total recharge value would appear to be much 

too high. This method could be significantly improved by the collection of additional rainfall chloride 

data. It is likely that the rainfall chloride concentration will be different at the coast compared to the 

south of the catchment due to the “rainout” effect or the tendency for chloride concentration in 
rainfall to decrease from the coast to inland.  

Theoretically, as the long term mean monthly rainfall and evaporation graph indicates (Figure 4) 

recharge should predominantly be occurring during the months April – October where rainfall 

exceeds evaporation.  

As a crude method to cross check if the estimated rates are reasonable the total mean monthly rainfall 

was subtracted from the total mean monthly evaporation. This gives an excess precipitation rate (or 

potential recharge) of 451mm.  As the approach above has derived recharge rates that are in excess of 

expected precipitation they are not considered a reliable estimate and it is recommended that the 

original estimate of 150mm/yr by Harrington and Currie (2008) be adopted giving the total assumed 
recharge volume of approximately 63000 ML/yr. 

 

  

Zone 
Rainfall Cl 

(mg/L) 
Mean GW Cl 

(mg/L) Rainfall mm 
Recharge 

(mm) Area 
Recharge 

(ML/yr) 

1 11 97 1100 125 41.6 5189 

2 11 51 1200 258 51.8 13430 

3 11 46.9 1300 304.9 59.5 18141 

4 11 34.7 1400 443 40.0 16442 

5 11 25 1300 606.3 66.0 40040 

6 11 25 1400 616 42.2 25872 

7 11 339 1100 35.7 34.8 1241 

8 11 42.8 1200 308 17.9 5505 

9 11 42.8 1300 334 26.9 9021 

10 11 30 1100 403 14.5 5848 

11 11 30 1200 440 24.4 10692 

TOTAL 

    

419.7 151421 
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Table 19 Recharge estimates based on methods from Harrrington & Currie (2008) 

Recharge Method Recharge Rate (mm/yr) 

Steady State Chloride Masss Balance 78-335 (mm/yr) 

Annual excess water less stream flow (Zhang method) 82 (mm/yr) 

CFC method 162 +/-24 

Assumed Recharge for preliminary water budget 150 

 

Notwithstanding the above statement regarding recharge only occurring during the winter months, the 

monitoring bore data  presented in section 4.4 would suggest that recharge does occur during the 
summer months as a direct result of rainfall as there is an almost instantaneous response to rainfall. 

 

4.3. Discharge 

4.3.1. Geophysics 

Mound springs that were mapped during this and previous studies (Section 4.7.1) and using the data 

gathered during the bore survey have been plotted with airborne magnetics data to produce the map 
shown below (Figure 18).   

Northwest trending magnetic linear feature can clearly be recognised and are interpreted as being 

mafic dolerite dykes.  The dykes are not recognisable in the field except for a single exposure in a 

nearby dolomite quarry where they can be observed to locally pond groundwater (Davidson et al. 
2011). 
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 Figure 18 Airborne Magnetic Map showing location of assumed dolerite dykes with artesian 
bores and spring mounds 
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A clear spatial correlation can be seen between the spring mound deposits and the artesian bores 

suggesting that there is a common process resulting in groundwater being pressurised and in the case 
of the springs forced to the surface. 

The sharp linear northwest trend of the mound deposits that plot coincidentally with a strong 

northwest magnetic anomaly, assumed to be a dyke, would suggest that the dyke is a barrier to 

groundwater flow and allows the pressurised water to exploit any zones of weakness within the rock 
mass and for vertical conduits to the surface to develop. 

Likewise the mapped artesian bores also plot to the south of the dyke. There are no recorded artesian 

bores to the north of the dyke.  The artesian bores and the springs are highly connected.  In 

conversation with local landowners they have reported that during the irrigation season when the 

artesian bores are being pumped there is a degree of interference between bores ie reduction in flow 
and a reduction in flow in some springs. 

The depths to the top of the dolerite dykes has not been conclusively proven, however based on some 

preliminary work at the University of Tasmania it is likely depth exceeds 30m (Anya Reading pers. 

comm.) implying that the water being forced to the surface is originating from at least this depth and 
more probably deeper. 

The potential for a deep source of groundwater supplying the springs and artesian bores has been 

postulated by Davidson et al. (2011) based on the chemical signature and the elevated temperature of 
the discharging waters (19.5°C as opposed to 13°C for non artesian samples).   

4.3.2. Major Spring Mapping, Gauging and Dating 

Utilising the run-of-river EC method described in section 3.3.2 all of the major streams on both the 

eastern and western side of the Duck River Valley were surveyed. Springs were located and are 
described in three contexts: 

Springs emerging along the faulted contact between the Black River Dolomite and 
Keppel Creek units, south of Edith Creek 

Three large springs were identified on the eastern side of the catchment and were initially identified as 

a result of discharge of high EC water. Table 20 shows the basic water chemistry parameters collected 

and for two of the springs the upstream river EC. 

As can seen in the table the EC values for the springs is significantly higher than that of the inflowing 

stream water indicating that discharging groundwater is clearly occurring. Water chemistry analysis 

collected for the three springs is presented in Appendix C and diagrammatically shown in the Piper 

plot below. All three water analysis show a Ca-Mg-HCO3 type of water.   
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 Figure 19 Plot showing spring water type with a Black River Dolomite bore and stream 
samples upstream of the Roger River Fault. 

 

Due to the morphology of the springs it was only possible to gauge the Duck River Spring with any 

degree of accuracy. Stream flow measurements taken upstream of the spring on 29/1/2010 recorded a 

stream yield of 46 L/sec.  When flow was recorded downstream of the spring in the river the yield was 

recorded at 186 L/sec. By simple subtraction of the upstream and downstream measurements the 

Duck Spring was found to have a yield of 140 L/sec or approximately 12 ML a day. At this point the 

flow from the spring accounts for approximately 78% of flow in the Duck River for this period. 

 

 Table 20 Major spring locations and basic water chemistry 

Spring Date Easting Northing Elevation pH Temp EC 
EC 
Upstream 

Duck  25/05/2010 337523 5458734 37.2 6.9 13.2 638 221 

Whitewater 25/05/2010 337785 5459557 37 7.1 13.3 746 220 

Birthday 

Creek 25/05/2010 338954 5461156 37.6 7.5 13.2 557 na 
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As discussed and shown in Figure 19 the water from the springs appears to share a common aquifer 

source. This is further illustrated by the CFC age data. All three springs were sampled for CFC 11 and 

CFC 12. By comparison with atmospheric concentrations collected from several atmospheric 

monitoring stations, including the Cape Grim Baseline Air Pollution Station an apparent age of the 
water can be determined.  

While there is some discrepancy between the CFC11 and CFC12 ages, due to potential degradation of 

CFC11, the CFC 12 age can be regarded as closer to the correct age. From this data  the age of the 

spring water can be determined as approximately 40 years old from the time the recharge water 
became isolated from the atmosphere.  

 

 Table 21 CFC results and apparent ages of major springs 

Site CFC11 pptv CFC12 pptv CFC11 age CFC12 age 

Duck Spring 42 144 1968 1972 

Birthday Creek 
Spring 

38 169 1968 1973 

White Water 

Creek Spring 

42 125 1968 1970 

 

Springs emerging due to the backflooding effect of presumed transverse dolerite dykes in 
the Mella - Broadmeadows area 

The geological controls on these springs is described in Section 3.3. Most springs in the area have 

deposited mounds of tufa, composed predominantly of calcium carbonate deposited around plant 

remains, up to 3 metres above the surrounding plains. The location and characteristics of these springs 
are described in detail in Section 4.7. 

Springs emerging through increased pressure gradients at the conformable contact 

between Black River Dolomite and overlying Keppel Creek Formation, in the Irishtown 

basin 

This series of springs includes both mound springs and normal springs, located in a north-south basin 

between the Irishtown area and Deep Creek Inlet. They include:  

 a major normal spring at the head of Copper Creek;  

 a suite of mound springs feeding the middle reaches of Copper Creek; and 

 mound springs depositing extensive, horizontally bedded freshwater limestones (tufas) in the 

Pulbeena area, mound springs near Smokers Bank, and mound springs on the coast at Deep 
Creek Inlet. 

These springs are generally located at the western contact of the Black River Dolomite, are likely to 

be caused by upwelling due to increasing pressure gradients at the conformable boundary between the 

dolomite and overlying Keppel Creek formation within the westward plunging limb of the Smithton 
Syncline. They are described in more detail in Section 4.7. 
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4.3.3. Flux to Rivers 

As presented in Figure 20 all the water levels from the surveyed bores within a 500m buffer of the 

Duck River have elevations above the river bed.  There was no available bore hole level data available 

to the east of the Roger River Fault hence a determination on flux to river by water level was not 
possible. 

The plot indicates that as the standing water levels in the bores is above the river bed then the general 

flux will be from the groundwater system into the river ie a gaining system.  As the bores within 500m 

of the river are relatively sparse this should only be taken as an indication of a system that is generally 
gaining, however there could be reaches of the Duck River that are losing. 

Stream bed heights were surveyed at several locations on the Roger River, unfortunately however 

there are only two bores that are close to one another that were suitable for comparison with the 

river bed height. The third bore was a stock bore that was being pumped at the time of measurement.  

  

 

 Figure 20 Duck River bed elevation and groundwater elevation transect 

 

Whilst some caution should be exercised when making such a comparison with limited data at distance 

from the river, the stream bed height is well above the measured water levels. This would indicate that 

this reach of the Roger River is possibly not receiving water from the groundwater system. It is 

possible however that this reach might be contributing to the aquifer ie is a losing stream. This would 

require further examination with the drilling of additional bore transects and water sampling. 
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 Table 22 Bore location and SWL comparison to river bed height 

Bore ID Easting Northing RL SWL 
Distance to Roger River 

(Km) 

14872 332512 5453832 35.9 1.2 

14875 332094 5454372 34.7 1.02 

          

River Easting Northing RL River Bed   

Roger River 333144 5455295 38   

 

The interpretation that the Duck River is largely gaining and the Roger River is either losing or 

possibly not connected is supported by the evidence above and the „State of Rivers‟ sampling 

interpretation presented in section 4.5.3.2. 

Continuous monitoring of bores and associated river reaches is likely to add some complexity to this 

analysis, as both standing water levels and river levels vary on an event to seasonal timescale. Some 
experiments to characterise this variation are described below. 

4.3.4. Duck River Cross Sections 

Continuous water level monitoring records were converted to RLs (mAHD) and for the surface water 

sites, compensated with the Dismal Swamp barologger. Once data was prepared, all level data for each 

cross section was graphed accordingly (Figures 21 through 23). Figure 21 combines data from all four 

monitoring bores (three shallow and one deep) as well as the Duck River water levels for the 

northern cross section at Lades Road. The water level in the deep monitoring bore (M4) behaves in a 

similar way to that of the three shallow bores, however water levels appear to be consistently 2m 

higher. All three shallow bores show the same trend and have near identical water levels. The Duck 

River shows the same pattern of spikes and troughs as does the groundwater. The river water level is 

fairly consistent with that of the shallow bores and suggests that the river in this reach is variably 

gaining and losing (although the data collection period only included one winter period – results should 

be viewed with caution).  

 

 Figure 21 Hydrograph for groundwater and surface water monitoring sites at Quilliam @ 
Lades Road, northern cross section.  
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Figure 22 combines shallow monitoring bore and river level data for the eastern side of the southern 

cross section at Poilinna Road and Figure 23 for the western side. Each group of shallow bores on 

either side of the river show similar behaviour patterns and water level responses. Water levels on the 

western side of the cross section (i.e. VDL) are consistently 0.5m above those on the eastern side (i.e. 

Nature Reserve). Overall however, groundwater levels on both sides of the river are generally 2m 
higher than the river water level suggesting a gaining reach throughout the winter period. 

 

 Figure 22 Hydrograph for groundwater and surface water monitoring sites at Nature Reserve 
@ Poilinna Road, southern cross section. 

 VDL @ Poilinna Road 

 

 Figure 23 Hydrograph for groundwater and surface water monitoring sites at VDL @ Poilinna 
Road, southern cross section. 
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 Table 23 Spot water quality monitoring associated with cross section monitoring sites. 

Date Site Name m AHD 
(gl) 

SWL 
(m bgl) 

SWL 
(RL m) 

EC 
(µS/cm) 

pH Temp 
o
C 

15/03/2011 M4 – State Monitoring Network 
Bore 

0 2.07 2.07 470   

2/05/2011 Q1 @ Lades Rd 12.5 3.5 9 388 6.53 14.9 

3/05/2011 Q2 @ Lades Rd 13.1 4.4 8.7 613 6.73 12.9 

3/05/2011 VDL2 @ Poilinna Road 24.81 1.62 23.19 470 7.11 14.5 

18/05/2011 1.44 23.37 441 6.97  
 

4.4. Groundwater Monitoring 

Hydrographs for the deep regional bores and the two shallow paired monitoring bores are shown in 

Figure 21 – Figure 26.  Figure 24 indicates the water level response to daily rainfall for the same 

period. In general terms water levels in the four bores were declining from around mid October 2010 
(when the loggers were installed) until June 2011 where an increase in water level can be seen. 

Particularly during the late spring - summer period, when a general decline in water is recorded, the 

hydrographs indicate sharp rises in water levels in response to daily rainfall events.  Response to 

rainfall is particularly noticeable on the 10 January 2011. Water levels in all four monitoring bores had 

been declining with the most significant decline in bore M2.  In the preceding 20 days there had been 

3.6mm of precipitation with the largest event recording 2.2mm.   In the 24 hour period from the 10-11 

January 17.6 mm of rainfall was recorded at the Smithton Airport rainfall station.  Over the five day 

period until the 15 January, there was a total of 94.2mm of rainfall. Monitoring bores M1 and M2 

recorded a rise in water level of 720mm and 1001mm respectively with less of a rise in the other 

bores. 

Figure 26 indicates the two shallow  monitoring bores installed in the Quaternary aquifer plotted with 

M1. Due to a malfunction with the logger in M2 no overlapping data with the shallow monitoring bores 

is available, however as the hydrographs in Figure 26 demonstrate it is expected that M2 would 

continue to respond with the same general pattern of rapid response to rainfall events.  This being the 

case the shallow bores also exhibit a similar trace to the deeper bore, indicating that the shallow and 

deeper aquifers are in direct hydraulic connection with an observable  (approximately 200mm) positive 

hydraulic gradient from the Smithton Dolomite into the Quaternary.  

The southern extent of the Smithton Dolomite was confirmed by the drilling of monitoring bore AR1 

and AR2. Due to the bores being drilled in early September only a short period of water level 

monitoring is available. Figure 25 shows the hydrographs for the two new bores along with the 

northern monitoring bore M1 for comparison. For display purposes only, 1.5m has been added to the 

M1 trace. 

Although the time series data for the southern bore is limited it is clear for the hydrographs that AR1 

and AR2 are exhibiting a similar response to rainfall (or lack of) which in turn is comparable with the 

hydrograph response in bore M1  25km to the north. As expected for a karst system this suggests that 

Smithton Dolomite aquifer is highly connected and transmissive.  The rapid response to rainfall also 

supports the conclusion of Harrington and Currie (2008) that the aquifer is regionally unconfined. 

However, the presence of artesian bores and mound springs (particularly in the north) suggests the 

aquifer can also behave in a similar way to a confined system. This is most likely to be explained by 

pressurisation in immaturely developed karstic conduits, rather than the presence of a confining layer 
(no evidence for such a layer is present in northern bore logs).  
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 Figure 24 Groundwater level in northern monitoring bores and rainfall 

 

 

 Figure 25 Groundwater level in southern monitoring bores with M1 for comparison 
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 Figure 26 Comparison of shallow Quaternary monitoring bores versus deeper M1 Smithton 
Dolomite bore 

 

4.5. Surface Water Monitoring 

4.5.1. Water Quantity 

As would be expected based on the rainfall graphs presented earlier, flow in the Duck River is winter 

dominated with the highest average daily flows occurring during August (1130 ML/day) and the 

summer months recording lower flows, with February and March being the lowest (64 ML/day). 

 

 Figure 27 Duck River average daily stream flow by month 
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The low flows during the November – March period also correspond to the peak irrigation season 
when demand for water is highest. 

The long term average annual discharge from the Duck River has been calculated from the stream 

gauging record as approximately 183 000 ML/yr (DPIWE 2003).  It is possible to derive an estimation 

of baseflow from the long term average river discharge using a variety of techniques described in detail 

in Sheldon (2011).  For consistancy, the baseflow index (BFI) derived from modelling during the CSIRO 

Sustainable Yields Project and reported in Sheldon (2011)  has been adopted here for the purpose of 

delineating a preliminary water budget.  

Using the derived BFI of 0.218 and the long term average flow in the Duck River of 183 000 ML/yr the 

average groundwater discharge to the river is 39 894 ML/yr. This is considerably less than that 

estimated by Harrington and Currie (2008) of 103 000 ML/yr.  The estimated baseflow volume of 

Harrington and Currie (2008) is 163% of the recharge value derived from this report (section 4.2)  and 

hence is regarded as likely to be unrealistic. 

 

4.5.2. Water Quality 

A summary of the water quality parameter collected at the Scotchtown monitoring station in 2008 are 

presented in the table below.  Total phosphorous is at the upper end of the range for catchments in 

Tasmania (DPIW 2003). High nitrogen and ammonia loads were also recorded. 

 Table 24 Summary statistics for water quality monitoring at station 14214 (DPIW 2009). 

Station 14214 Minimum Median Maximum No.Samples 

Temperature (oC) 7.4 13.0 18.0 12 
Turbidity (NTU) 2.5 9.3 55.2 12 
Electrical Conductivity (µS/cm) 336 440 559 12 
Field pH 6.48 7.40 8.12 12 
Dissolved Oxygen (mg/L) 5.6 9.3 11.2 12 
Dissolved Oxygen (% saturation) 53.4 86.2 96.3 12 
Total Nitrogen (mg/L) 0.39 1.20 4.80 12 
Total Phosphorus (mg/L) 0.047 0.088 1.200 12 
Dissolved Reactive Phophorus –P (mg/L) 0.016 0.025 0.733 12 
Nitrate – N (mg/L) 0.103 0.500 1.120 12 
Nitrite – N (mg/L) 0.002 0.011 0.057 12 
Ammonia – N (mg/L) 0.021 0.067 1.270 12 
 

Arsenic and Zinc were detected at a site on Allens Creek. A significant record for copper was had at 

the Duck River at Bass Highway (12 µg/L). Turbidity as elevated at several locations in the catchment 

including upper Geales Creek, Allens Creek, Edith Creek, Roger River. 

Whitewater and Edith Creeks carry high TP loads in winter. High nitrate loads in Allens and Edith 

Creeks combined with Ammonia. High EC was recorded in Cooper, Coventry and Whitewater 

Creeks. There was a broad trend for increasing conductivity down the length of the Duck River. The 

main influence on turbidity in the Duck River appears to be discharge from White Water Creek, 

(median turbidity of 22NTU) where winter turbidity measurements were routinely in excess of 

35NTU. Median turbidity at Geales Creek was also much greater than elsewhere in the catchment. 

Alkalinity at Coventry Creek (DR3) is very much higher than elsewhere in the catchment, reflecting 
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the much higher concentrations of dissolved salts. Alkalinity in Whitewater Creek is also elevated, 

relative to other sites in the catchment. The marked increase in alkalinity between site DR25 and 

DR20,  along with the increased concentrations of calcium and magnesium, tends to indicate the 

presence of discharge from dolomite in this part of the catchment.  

High iron concentrations are found in various locations, compared with other Tasmanian catchments.  

The data for monthly sampling of TN in the Duck catchment is presented in Figure 2.20. The median 

concentrations of TN at all sites exceed the National guidelines for Tasmanian rivers (0.5 mg/L) as 

stipulated in ANZECC 2000, and tend to reflect the high organic load of rivers in the catchment. 

Concentrations of Nitrate – N in excess of 1.4 mg/L were recorded at Coventry Creek (DR3), Allen 

Creek (DR9) and Edith Creek. A single very high concentration of Ammonia (1.83 mg/L) was recorded 
at Edith Creek. 

 

4.5.3. Run of river sampling 
 

4.5.3.1. Electrical Conductivity Survey 

Results of the run-of-river pH, electrical conductivity (EC) and temperature survey are presented in 

Appendix D. Groundwater electrical conductivity and surface water electrical conductivity results are 
shown in Figure 28.   

The survey has shown that all of the streams south of Copper Creek and to the east of the Roger 

River Fault have  an EC of generally less than 200 µS/cm however the upper reaches of the Duck River 

recorded a highest value of 292 µS/cm.  Based on groundwater EC values obtained from the Black 

River Dolomite elsewhere in the catchment the relatively elevated values in the upper Duck River, to 

the south of Nabageena, are mostly likely due to groundwater discharge from the dolomite in areas 
where the river flows across the unit.  

The streams south of the Duck River, Roger River, Spinks Creek, Eckberg Creek, Arthur River and 

the Montagu River maintain an EC level of below 204 µS/cm as they pass down the escarpment and 

onto the valley floor. This is compared to a groundwater EC between 430-500 µS/cm.  Whilst this 

does not definitely prove that groundwater is not discharging into the streams it suggests that if 

groundwater discharge is occurring then it is not made a major contribution to stream flow. 

As described above the Duck River, Whitewater Creek and Birthday Creek all exhibit relatively low 

EC levels to the east of the Roger River Fault. At the base of the escarpment and coincident to the 

mapped position of the Roger River Fault the EC rises significantly from in the case of the Duck River, 

229 µS/cm to 553 µS/cm as it flows across the fault.  A comparable  increase in EC is also seen in 

White Water Creek and Birthday Creek.  As discussed in Section 3.3.2 the increase the increase in 
attributed to discharge from at least three major springs.  

As the three streams pass over fault and onto the valley floor proper the EC is maintained at above 

500µS/cm. At confluence of the Duck and Roger Rivers the EC is reduced to around 400 µS/cm as a 

result of mixing of the two water bodies.   The EC in the Duck River increases as the river flows 

north, a situation which may be explained by receiving high EC water from tributaries, discharging 
groundwater or a combination of both. 

With the exceptions of Allen Creek and Edith Creek, the streams to the north of Edith Creek exhibit 

a different EC pattern to those in the south.  EC values are generally above 900µS/cm at the base of 

the escarpment and only show low values (<300 µS/cm) in their upper reaches.  This increase in spring 
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discharge is attributed to the discharge of high EC spring water emanating from the Black River 
Dolomite  as discussed in section 3.3.2.  

Neither Allen Creek or Birthday Creek exhibit a significant change in EC from their headwaters until 

the converge with the Duck River indicating that very little if any groundwater discharge from 

dolomite is occurring.  
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 Figure 28 Groundwater electrical conductivity and run-of-river electrical conductivity 
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4.5.3.2. Surface Water Chemistry Survey 

As described in section 3.5.2 a review of the laboratory data collected during the „State of Rivers‟ study 

was conducted. The data has been plotted on as series of Piper diagrams from which water types can be 

deduced. A location map indication the sample collection sites and the Piper diagrams are shown in 
Figure 6 and Appendix E. 

Plots of summer and winter samples have been produced for sites DR1, DR7, DR9, DR12, DR18, DR20, 

DR21 and DR25.  In addition a “typical” Smithton Dolomite water analysis has also been plotted for 

comparison.   

Sites DR1, DR7, DR9, DR12, DR18, DR20 and DR21 (Figure 6) are all located on reaches that flow over 

the valley floor and hence the Smithton Dolomite.  The sites on the Duck River (DR1, DR7, DR12, 

DR21) along with White Water Creek (DR18) show a strong seasonal effect with the summer time 

samples plotting in a narrow range and the winter samples exhibiting a larger spread. 

The summer time samples can be classified as Ca-Mg-HCO3  type water where as in winter Cl and Na 

make up a relatively higher proportion major anions and cations and tend to have a Ca-Mg-Na-HCO3-Cl 

water type. The close match between summer time stream chemistry and the “typical” Smithton 

Dolomite type water is suggestive that a large portion of summer time flow is discharge from the 

Smithton Dolomite. 

Sites DR9 (Allen Creek at Allendale Farm) and DR21 (Roger River at Roger River Road) show much 

less seasonal variation in water type than the other streams that flow across the Duck Valley plain. For 

both sites, both the summer and winter time water types can be classified as Na-Mg-Cl-HCO3.  As can 

be seen in the Piper plots there is a slight increase in the relative abundance of Cl and Na in the winter 
time samples compared to summer reflecting a similar pattern to all the other Duck Valley plain sites. 

Plots of the Roger River water chemistry on the plain and to the east of the Roger River Fault and all 

State of Rivers Reporting sites to the east of the Roger River Fault are presented in Appendix E.   All 

above the fault have a similar water type and plot in a comparable position to all of the Roger River 

samples above and below the fault. This indicates that the Roger River  is not receiving a significant 
amount of base flow from the Smithton Dolomite.   

 

4.6. Dismal Swamp Case Study 

Results regarding Dismal Swamp hydrology and surface water and groundwater connectivity are 

presented below and discussed in Section 5.7.2. Despite preconceptions of the swamp being a seasonally 

wet and dry system, the sinkhole exhibited rapid wetting and drying in response to rainfall. The water 
chemistry supports this phenomenon which is interesting from a process and function point of view.  

4.6.1. Sinkhole Survey 

Dismal Swamp is a polje,  situated in extremely flat terrain, where the smallest change in elevation has a 

significant effect on water flow. It was previously unknown how water enters and leaves the swamp. It 

has been hypothesised that water enters from surface streams to the north, and from the surrounding 

escarpment and leaves through a major surface drainage line at the western margin, although the 
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southern rim of the swamp appears low too on topographic maps. However it has also been recognised 

that a significant proportion of water may leave through subsurface karstic conduits (Figure 40). This 

program of survey, water level and water chemistry monitoring aimed to better document flows into 

and out of the polje. 

In order to be able to relate our monitored water levels to relative level above sea, the monitoring 

infrastructure was surveyed to AHD (as discussed in Section 4.7.1). As well as this the rim of the 

sinkhole was also surveyed to determine fill and spill locations. These levels were turned into spot 

heights which are mapped throughout the Dismal Swamp complex. Spot heights available on 1:25,000 

topographic maps were also added to highlight them. The result is a complete map of spot heights for 
Dismal Swamp (Figure 29). 

The bottom of the sinkhole is approximately 5m below the rim (36.3m AHD). The bed of the creek at 

the inlet is 43.24m and that at the outlet is 38.6m. The only two points available for the southern end of 

the swamp are 42.06m and 44m. Reconnaisance mapping demonstrates that no surface stream or 

watercourse is present at the southern margin of the polje, demonstrating that surface water only leaves 
the polje via the western outlet. 
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 Figure 29 Spot heights (RL m) for the Dismal Swamp complex (sinkhole insert). 
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4.6.2. Groundwater and Surface Water Levels 

Continuous water level monitoring records were converted to RLs (mAHD – discussed above) and 

compensated with the Dismal Swamp barologger where appropriate. Once data was prepared, all level 

data for each surface water (3 sites) and groundwater (3 sites) monitoring site was graphed accordingly 

(Figure 30). Manual surface and groundwater level spot measurements corroborated with the 
continuous water level monitoring undertaken at these sites (Table 25 and Table 30).  

 Table 25 Manual gauge board readings for Dismal Swamp surface water monitoring 
locations. 

Date Site 
m 
AHD 

m AHD 
at 0m 

Reading 
m 

Reading 
m AHD Notes  

20/01/2011 Dismal Swamp 
sinkhole 

41.3 
at 2m 39.3 

1.4 40.7 2m gauge installed with 2m at 
full rim of sinkhole.  5/07/2011 1.98 41.28 

19/05/2011 Dismal Swamp - 
Northern Inlet 

44.24 
at 1m 43.24 

0.19 43.43 1.5m gauge installed above 
ground level in middle of creek 5/07/2011 0.26 43.5 

19/05/2011 
Dismal Swamp - 
Western Outlet 

39.6 
at 1m 38.6 0.4 39 

1.5m gauge installed above 
ground level in middle of creek 

 

As is evident, the sinkhole was near full but emptying at the time the water level logger was installed 

(January 2011). The sinkhole then emptied over the next week and did not fill again until 23/03/2011 

where it filled rapidly over two days then emptied over the following week. This pattern was repeated in 

early June and then the sinkhole filled to overflowing and for more sustained periods during the winter 

period (mid June to mid September 2011).  

The continuous water level recorded by the data logger in the northern bore indicates that this bore 

was unsuccessful. This was a concern at the time of drilling due to the unexpected thickness of the 

surficial clay layer and our inability to drill beyond 15m (i.e. bore depth 14.64 m). Water was 
intercepted during drilling however it seems in hindsight that this was not the water table.  

The water level at the inlet is approximately 4.5m higher than at the outlet, although both the inlet and 

the outlet RLs are above the bottom of the sinkhole RL (i.e. it seems that the sinkhole is the lowest 

point in the Dismal Swamp complex). The water levels in the inlet, outlet and southern bore all show 

similar responses throughout the monitoring period, whereas the western bore shows an inverse 

response to that.  

Water levels in the sinkhole when full are above that of the outlet and western bore. This may suggest 

that when the sinkhole is full it empties and supplies surface water flow into the swamp and out the inlet 
and when it is empty, flow at the outlet ceases and water in the swamp drains into the sinkhole. 
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 Figure 30 Monitored surface and groundwater levels for the Dismal Swamp complex 
(20/01/2011 – 5/10/2011).  

 

A continuous water level logger could not be installed in the Dismal Swamp deep bore (Tarkine 

Adventures), however two spot levels were obtained during field work (Table 34). These indicate that 

the water level in this bore is 5-10m above any of that in the other monitoring bores and surface water 

sites. It is likely that this water also contributes to filling of the swamp, although flux rates (and change in 
flux following rainfall) are unknown. Installation of a water level logger in this bore is recommended. 

 Table 26 Dismal Swamp deep bore (Tarkine Adventures: Bore ID 30288). 

Date Time SWL (bgl m) Water Level RL 
(m AHD) 

19/05/2011 12:15 33.79 47.15 
5/10/2011 14:30 27.42 53.52 

 

Once the water level data was graphed it was then related to rainfall at the two closest Bureau of 

Meteorology (BOM) stations in order to determine the rapidity of filling/emptying response of the 

sinkhole (Figure 31). The first three January – June peaks (>20mm) in rainfall can be directly linked to 

the filling of the sinkhole (see yellow rings in Figure 31). The next two sets of rainfall peaks of this nature 

seem to come close enough together to sustain the inundation of the sinkhole (see green rings in Figure 

31). It seems rainfall of approximately 20mm or more in one event is required to initiate filling in the 

sinkhole. The rate the sinkhole empties is dependent on many factors including the ongoing cumulative 
effect of rainfall over the following period.  
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 Figure 31 Rainfall for the Redpa (Greenes Rd #91082) and Togari (Partidge Rd #91353) 
BOM stations, those nearest Dismal Swamp (Jan – Sept 2011). Note: the yellow and green 
rings indicate rainfall peaks which correspond to the filling of the sinkhole in Figure 8. 

 

The commence to fill timing for the sinkhole is almost immediate (<24 hours) in response to the rainfall. 

In comparing commence to fill times with that of the rainfall graphs some trends emerged. Using Redpa 

data, 33.4mm of rain fell on 11/01/11 which would have caused the sinkhole to fill prior to us installing 

the monitoring equipment. In March, the sinkhole commenced to fill at 21:00 on the 23/03/11, peaked at 

6:00 on 25/3/11 and was empty as at 1:00 on 30/03/11.  Rainfall at Redpa showed 34.6mm fell on 

23/03/11, 18mm on 24/03/11 and then minor falls on 25/03/11 (3.4mm).  The following peaks commence 

to fill occurred at 23:00 on 4/06/11, peaked at 2:00 on 9/06/11 and emptied by 13:00 on 13/06/11. 

Rainfall at Redpa showed 13.4mm on 4/06/11, 29mm on 7/06/11 and 15.4mm on 8/06/11. As is evident, 

the sinkhole typically begins to fill on the evening of a significant rainfall event (>20mm), then depending 

on cumulative rainfall after that event will continue to fill in response to further rain. When the rain 

stops, the sinkhole begins to empty almost instantaneously. It generally takes 4-5 days to empty once 

full. If this is the case, it leads us to assume that the drainage rate of the sinkhole conduit is 

approximately 2.3L/s (based on 4.5 days and a fill volume of 0.885 ML). Figure 32 shows photos of the 
sinkhole when empty and full. 
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 Figure 32 Dismal Swamp sinkhole: left) empty and right) full. 

 

4.6.3. Water Chemistry 

A summary of all water chemistry results obtained from the Dismal Swamp complex are included below. 

These include spot sampling results, laboratory analyses and YSI Sonde continuous data collection 
results. 

YSI Sonde  

The YSI 6-series sonde collected data for pH, turbidity, temperature, dissolved oxygen and electrical 

conductivity from the Dismal Swamp sinkhole for the periods 20/01/11 – 30/04/11 and 5/07/11 – 

20/09/11. The two months of missing data over the winter period relate to the inability to replace the 
sonde between sampling trips and recommence logging. 

Data for each of these parameters was graphed for the periods when the sinkhole was full during the 

monitoring period (i.e. when the YSI was underwater and recorded valid readings – determined by EC 
readings). These graphs are included in Figures 33-37. 
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 Figure 33 pH record for Dismal Swamp sinkhole. 

 

 Figure 34 Turbidity record for Dismal Swamp sinkhole. 
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 Figure 35 Temperature record for Dismal Swamp sinkhole. 

 

 Figure 36 Dissolved oxygen record for Dismal Swamp sinkhole. 
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 Figure 37 EC record for Dismal Swamp sinkhole. 

 

pH and turbidity readings show a similar trend to the sinkhole wetting and drying occurrence, however 

the range of pH change over the monitoring period is low (4.09 to 5.25). Both of these parameters 

seem to increase as the sinkhole fills and decrease as it empties. The pH values are quite acidic which is 

typical of rainforest environments (acidity is explored further below in consideration of acid sulphate 

soils). The acidity does not appear to change significantly throughout the year though which may suggest 

a single, dominant water source consistently throughout the year (Figure 12). Turbidity was greatest 

during the March fill period (up to 70 NTU), although overall turbidity was typically less than 30 NTU 
(Figure 13).  

Water temperatures recorded in the summer fill periods (January and March) were a few degrees 

warmer than those captured for the remainder of the monitoring period. Water temperature as 

expected decreases as the sinkhole fills and increase as it empties (Figure 14). Dissolved oxygen shows a 

similar response in that it decreases as the sinkhole fills and increases as it empties (Figure 15). This may 

be due to the highly tannin water which fills the swamp. 

EC shows the exact opposite response to the water level: as the level increases, EC decreases and vice 

versa (Figure 16). The range of EC values however is minimal (150 – 250 µS/cm). The fact that EC 

decreases as the swamp fills suggests that the bulk of the inflow is from a freshwater and likely surface 
water source. 
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Laboratory Analysis 

Eight water samples were taken from the Dismal Swamp complex for laboratory analysis. These 

included three from the sinkhole, one from each of the following: inlet, outlet, south eastern, western 
and deep bores. The entire list of results obtained and parameters assessed is tabulated in Appendix C.  

In order to assess whether the sinkhole and or greater swamp complex received groundwater discharge 

the signature of the major geological units within the vicinity of the swamp were compared to the 

chemistry of each of the water samples in a piper diagram (Figure 38). As is evident, the majority of 

samples taken from the complex do not have a typical dolomite signature and group mainly on the right 

hand side of the diamond plot. Regional dolomite signatures for both the Smithton Dolomite and Black 

River Dolomite, group together in the far left of the plot. Signatures for the Keppel Creek Formation 

are not so pure and vary greatly for the samples collected. These seem to plot in the middle and bottom 
of the diamond. 

The Dismal Swamp spring and winter samples plot as rain water together with the south bore. The 

Dismal Swamp inlet and deep bore plot near one another and still resemble a freshwater signature. The 

Dismal Swamp outlet, western bore and summer sinkhole samples appear to show some influence, 

although small, of groundwater inputs (perhaps from the Keppel Creek Formation rather than 

dolomite). The two surface water samples were taken in January 2011 and may indicate some gaining 

conditions or a concentration of groundwater chemistry in surface water during dry periods or after the 

first flush of waterways into the swamp (i.e. the January samples were collected after an unusual and 

significant summer rainfall event, after a fairly dry period). The bore sample was taken in May which may 
suggest a more consistent groundwater input. 

From this analysis it seems that the southern bore has not intersected the regional groundwater and 

instead may have been drilled into a fresh and perhaps perched lens of water (i.e. a local flow system). 

The bore is high yielding but was drilled into a thick clay substrate. The sodium chloride and bicarbonate 

in the western bore suggest that dolomite may be contributing to the groundwater in the west of the 

swamp. The deep bore may not actually be in the dolomite. At the time of drilling the bore the first 45m 

was logged by the driller as clay and then dolerite until the completion depth of 75m. As dolerite does 

not appear on the 1:25000 Marrawah East map sheet it is unlikely that dolerite was encountered. As the 

bore plots on the Keppel Creek Formation and the water sample is similar to that of other samples 
from the same unit it is interpreted here as being installed in the Keppel Creek Formation. 
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 Figure 38 Piper diagram showing Dismal Swamp samples and key geology signatures 
(i.e. Black River Dolomite, Smithton Dolomite and Keppel Creek Formation). 

 

In all, it does not appear that groundwater from the dolomite aquifer was significantly contributing to 

water in the swamp complex throughout the study period. In order to support this finding further 

assessment was undertaken to consider water chemistry elements related to dolomite signatures. If the 

water in the swamp complex is related to the underlying dolomite, one would expect a 1:1 relationship 

for Ca:Mg and a 3-4:1 ratio for HCO3:Mg/Ca. As demonstrated in Table 27, only the dolomite (2) and 

the Keppel Creek Formation1 samples show this relationship between these parameters (as is evident 
the Keppel Creek Formation samples are highly variable as discussed above).  

Bicarbonate is an indicator of dolomite groundwater in the karst area of the Dismal Swamp region. 

From the Dismal Swamp samples, the west bore had the most bicarbonate, followed by the deep bore, 

the summer sinkhole sample, the outlet and the inlet. The southern bore and the two other sinkhole 

samples resemble rain water (very low bicarbonate). The EC in the deep bore indicates groundwater, 
most likely from the Keppel Creek Formation, and the west bore suggests some dolomite influence. 
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None of the sinkhole water chemistry, not even that of samples taken in summer when one would 

expect the proportion of groundwater input to be greatest, indicate significant input from the Black 

River Dolomite, however there is slightly more HCO3 in the summer sample than in other samples 

taken in other seasons. The outlet and west bore samples also indicate some groundwater influence. 

 Table 27 Water sample results for Dismal Swamp. 

Site ID Water Type 
Ca/Mg 
(mmol/L) 

HCO3 
(mmol/L) 

EC 
(µS/cm) 

pH Temp 
(
o
C) 

DISMAL SWAMP SINKHOLE 
(Sept 10) Na-Cl 

0.209 0.033 329 4.9 8.6 

DISMAL SWAMP SINKHOLE 
(Jan 11) Na-Cl- HCO3 

0.340 1.04 268 5.4 15.1 

DISMAL SWAMP SINKHOLE 
(July 11) Na-Mg-Cl 

0.309 0.06 276 5.4 9.5 

DISMAL SWAMP OUTLET Na-Cl- HCO3 0.442 0.96 300 5 15 

DISMAL SWAMP INLET Na-Cl 0.536 0.34 318 6.4 10.3 

DISMAL DEEP BORE Na-Mg-Cl- HCO3 0.580 1.22 625 7.1  

DISMAL SOUTH BORE Na-Cl 0.360 0.12 334 5.6 13.7 

DISMAL WEST BORE Na-Mg-Cl- HCO3 0.586 1.6 396 6.4  

SMITHTON DOLOMITE Ca-Mg- HCO3 1.17 4.78 534 7.4 11.3 

BLACK RIVER DOLOMITE Ca-Mg- HCO3 1.035 4.40 491 7.7 10.6 

KEPPEL CREEK 
FORMATION 1 Na- HCO3 

1.30 5.21 613 7.7 12.8 

KEPPEL CREEK 
FORMATION 2 Ca-Na- HCO3-Cl 

2.2 1.51 262 7.6 11.6 

 

The pH readings from the swamp complex are generally quite acidic and less than 5.5 (Table 28 and spot 

sampling section below). In attempt to explore whether potential acid sulphate soils were linked with 

the low pH and high iron records in the Dismal Swamp complex, the Cl:SO4 ratio was assessed (Table 

29). If acid sulphate issues are present, typically the Cl:SO4 ratio will be less than 4, and indeed less than 

2. As is evident from the results in Table 29, acid sulphate soils do not appear to be present in the 
complex given these criteria.  

At this stage it is proposed that the source of acid and iron is most likely due to a complex organic 

process which is outside of the scope of this hydrology - focused work to explore further. However, as 

it has previously been demonstrated that complexing of sulphate with aluminium is possible following 

oxidation of sulphides in the acid-sulphate system and a nearby source of Al is present in surrounding 

Keppel Creek formation rocks and associated groundwater (which is likely to be moving towards the 

polje from surrounding sources), acid-sulphate processes should not yet be discounted from possible 
sources of acidity. Table 28 presents Dismal Swamp iron recordings and acid sulphate soil assessment. 
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 Table 29 Dismal Swamp iron recordings and acid sulphate soil assessment. 

Site ID Fe (µg/L) Al (µg/L)  
Cl  
(mmol/L) 

SO4 
(mmol/L) 

Cl:SO4 Ratio 

DISMAL SWAMP SINKHOLE 
(Sept 10) 415 

491 
2.35 0.14 17 

DISMAL SWAMP SINKHOLE 
(Jan 11) 2150 

965 
1.76 0.102 17 

DISMAL SWAMP SINKHOLE 
(July 11) 2160 

844 
1.91 0.078 24 

DISMAL SWAMP OUTLET 14500 
2160 

1.99 0.01 199 

DISMAL SWAMP INLET 6110 
885 

2.025 0.005 405 

DISMAL DEEP BORE <20 
<5 

4.06 0.1 41 

DISMAL SOUTH BORE 91 
156 

2.53 0.058 43 

DISMAL WEST BORE <20 
<5 

1.825 0.19 9.6 
 

Spot Sampling 

Spot readings for the bores surrounding Dismal Swamp indicate that the EC and pH in the deep bore at 

Tarkine Adventures is is higher than that of the shallow south eastern bore (602 µS/cm and 6.27 as 

compared to 338 µS/cm and 5.17). The standing water level manual measurements correspond to those 
obtained from the continuous water level monitoring as presented above. 

 Table 30 Dismal Swamp bore spot water level and quality readings. 

Date 

Site Name m AHD (gl) 
SWL 
(m bgl) 

SWL 
(RL m) 

EC 
(µS/c
m) 

pH Temp 
o
C 

5/05/2011 Dismal Swamp - western 
bore (eastern side of 
Dismal road, near outlet) 

42.90 3.2 39.7    

19/05/2011 2.54 40.36    

5/05/2011 Dismal Swamp - northern 
bore (west of inlet, north 
of Bass HWY) 

44.96 13 31.96    

7/05/2011 10.1 34.86    

19/05/2011 10.54 34.42    

5/05/2011 Dismal Swamp - 
southeast bore (off Bon 
Tiers Rd) 

42.06 0.32 41.74 341 5.24 13.7 

19/05/2011 0.32 41.74 338 5.17  

19/05/2011 Dismal Swamp deep bore 
– Tarkine Adventures 
(Bore ID 30288) 

80.94 33 47.94 602 6.27  

 

The spot readings for the sinkhole correspond to the YSI recordings presented above. pH spot samples 

for the inlet show that the water flowing into the swamp can be of slightly higher pH, than that in the 
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swamp and that flowing out (January and May samples ≥6). EC and temperature is similar between sites 
at the same time of year (Table 31).  

 Table 31 Dismal Swamp surface water spot water quality readings. 

Date Name pH 
EC 
(µS/cm) 

Temp 
o
C Notes 

3/09/2010 Dismal Swamp sinkhole 4.6 327 8.6 Sinkhole near full 

20/01/2011 Dismal Swamp sinkhole 5.03 278 15.1 Sinkhole near full 

19/05/2011 Dismal Swamp sinkhole 
   

Sinkhole dry 

5/07/2011 Dismal Swamp sinkhole 4.56 279 9.5 Full and overspilling to the west 

3/09/2010 Dismal Swamp inlet 5.03 331 8.8 
 21/01/2011 Dismal Swamp inlet 5.98 309 16.5 
 5/05/2011 Dismal Swamp inlet 6.25 315 10.3 
 5/05/2011 Dismal Swamp outlet  

   
No flow - stagnant pools 

21/01/2011 Dismal Swamp outlet  5.13 301 15 
  

4.6.4. Direction of Groundwater Flow 

The water from the sinkhole appears to be exiting through a conduit in the bottom of the sinkhole 

rather than through the western outlet based on the water chemistry and water level analyses 

undertaken above. Running water could be heard in the bottom of the sinkhole during field visits when 

the sinkhole was recently emptied. It is most likely flowing within the Black River Dolomite in either a 

northwest or southeast direction in line with the anticline formation (Figure 39). This is in contradiction 

to the thoughts of most locals who assume that the sinkhole drains westward towards the Welcome 

River, in line with the surface water outlet. This assumption is considered to be invalid due to the 

complex nature of the Dismal Swamp anticline, within the greater Smithton syncline, which most 

definitely prevents westerly movement of groundwater from the swamp due to the Black River 

Dolomite being bound by the impermeable Keppel Creek Formation to the east and west (Figure 40). 
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 Figure 39 Cross section of the Dismal Swamp sinkhole and anticline (taken from red 
line shown in Figure 19). 

 

Contours in the vicinity of the swamp were explored to determine the natural fall from the swamp 

along this line to the northwest and southeast, and hence potential groundwater flow path (groundwater 

flow will typically follow that of the topography). The topography drops off on both sides of the swamp 

and at a similar rate (from >40m to <30m AHD in approximately10km).  The exact points where the 

topography may dip below the level of the bottom of the sinkhole (36.3m AHD) and therefore where 

one may expect the conduit spring to express at the surface, is impossible to discern from the 10m 

contours (most detailed contour information available). However using the information available, the 

two red stars on Figure 19 indicate the two most likely areas for the conduit spring to express at the 

surface. The northern site - along a drainage line which runs in line with the anticline as it crosses the 

30m AHD contour; and the southern site – where the 40m and 30m AHD contours are close together 
south of the swamp in line with the anticline. 

Despite which direction the conduit flows along the syncline, one may expect that a large spring could 

occur within the Black River Dolomite outcrops to the northwest or southeast of the swamp (i.e. a 

spring outlet for the conduit in the bottom of the sinkhole). The sinkhole holds approximately 0.885ML 

of water which appears to drain into a karst conduit which must express at the surface as a significant 

spring somewhere within the vicinity of the associated karst network (flow rate of approximately 

2.3L/s). Unfortunately there is little to no mapping of Black River Dolomite outcropping within or 

beneath the Quaternary in either potential flow direction on available geology maps (250k and 25k). 

Locating the spring was deemed to be beyond the scope of this project however the potential 
expression site has been limited by this analysis. 
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 Figure 40 Dismal Swamp complex contours and anticline formation (geology denoted 
by green = Qh (Sand gravel and mud of alluvial, lacustrine and littoral origin), brown = Lsv 
(Turbiditic mudstone, siltsone, lithicwacke and diamictite with dominantly mafic detritus). 
Note: red stars indicate possible groundwater flow paths from the sinkhole conduit, red line 
indicates sinkhole cross section shown in Figure 18. 
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4.7. Mound Springs 

The results of mound spring mapping, inventory and water analysis are presented and discussed below.  

4.7.1.  Mound Spring Mapping 

In total, 110 mound springs were mapped for the Duck catchment. This does not represent all mound 

springs in the catchment. There are many more that were not able to be assessed due to time and 

resource constraints, however this final map provides a good representation of the main mound spring 
areas and groupings (Figure 41).  

Many of the 108 springs originally mapped (Section 3.7.1) were found to be duplicated in the field or 

others were found near to those that had been mapped. The original map provided a good base from 

which to locate and survey springs however during the field validation process some of these were 
omitted and others added to arrive at the 110 actually assessed during the inventory.  

There are definite groupings in mound spring locations. The Mella region supports 35% of the mapped 

mound springs for the entire Duck catchment. It has a dense distribution of mounds (approximately 40 

springs in 2km2, i.e. 2 mounds per 100m2). Other dense areas of mounds exist: along the coast of Deep 

Creek Bay, northeast of Smithton; just west of Smokers Bank along the old Smithton railway line; in 

vegetation along Copper Creek, southwest of Irishtown; and west of Edith Creek, west of the Duck 
River. There are other springs dotted through the catchment. 
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 Figure 41 Map of mound springs assessed and sampled in the Duck catchment (Site 
ID). 
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4.7.2. Mound Spring Inventory and Database 

This section provides a summary of the data obtained during the mound spring inventory. The sub-
headings follow those included in the datasheets. 

Landscape Details 

All of the mound springs assessed were located on private land. Land management was typically 

introduced pasture for agricultural purposes although pasture was mixed with woodland or forests at 

some sites (Figure 42).  In line with this result, land use was primarily grazing (dairy foremost and beef). 
Few sites were managed for native vegetation (Figure 42). 

 

 Figure 42 Frequency bar graphs for land management and land use results. 

 

The majority of mound springs were associated with flat landforms whether it be coastal flats or river 

flats (primarily Coventry and Copper Creeks) or swampland areas (Figure 43).  Few were associated 

with steep areas or river banks. Undulating plains also provided landforms for mound spring 
development. 

 

 Figure 43 Frequency bar graph for landform results. 
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Geology 

Not surprisingly due to the flat nature of the Smithton Dolomite plains and the broad nature of 

geological mapping in that region, the majority of mounds were mapped as having Quaternary Sands or 

Alluvium surface geology. Tidal flats and limestone were mapped at some sites and only a few sites were 

mapped as either Basalt or Precambrian Mudstone and Siltstone (Figure 44).  

An assessment of Bedrock geology showed that approximately 50% of springs were mapped on 

Smithton Dolomite. Black River Dolomite under limestone supported approximately 30 springs and the 

Black River Dolomite and Rocky Cape Group supported a similar number of springs (~10 each). Only a 

couple of mounds were mapped on either Basalt or the Keppel Creek Formation (Figure 44). 

 

 Figure 44 Frequency bar graphs for surface and bedrock geology results. 

Spring landform was dominantly of sloping fan nature (101 sites), whilst 9 sites were terraced. The 

majority of mound springs seemed to be associated with calcareous spring deposits (although no rock 

sampling was undertaken to prove tufa origin). A few sites were obviously siliceous and others 

predominantly ironstone associated (Figure 45). Unidentified  fossils were visible in some of the 

calcareous mound deposits but not all. 

 

 Figure 45 Frequency bar graph for tufa type results. 
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Only 24% of mounds were active, mostly due to modification and drainage (i.e. lowering of the spring 

vent to current potentiometric surface) and at least 50% of active mounds were drained. All sites with 

freewater or flowing discharge had permanent water associated with them. Where water was present, 

some mounds supported aquatic vegetation.  Ironstone mounds often had an oily film on top and deep, 

rich, red-orange soil where water had contacted the surface. Running water was clear although at times 

sludge was present on top of standing water. Some springs associated with the Black River Dolomite 

bubble ferociously, dispelling gases (assumedly Co2) as they bubble to the surface. Gas was recorded at 
four sites and had a distinct sulphur smell. 

 

 Figure 46 Large mound spring at Mella, conical spring deposit at Smokers Bank and 
iron-stained spring seep at Deep Creek Bay. 

 

Spring Details 

As Figure 47 demonstrates, the majority of mounds were inactive or dry. Of those that were active, 

most were flowing or had freewater, however some were just saturated or even damp. Of those 

mounds that were flowing, discharge was less than 3L/s for 61% of mounds and greater than 4L/s for the 
remainder (Figure 47).  

 

 Figure 47 Frequency bar graphs for discharge and flow results for active springs. 
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Assets and Threats 

Vegetation associated with the mound spring sites were summarised according to the remote Tasveg 

state-wide spatial mapping (Table 32) and in field observation notes (Table 33). As is evident, near 90% 

of sites were mapped as agricultural non-vegetated land (FAG). Five sites were mapped as Acacia 

melanoxylon forest on rises (NAR) and fewer as other native vegetation communities. Three sites were 

mapped as occurring in patches of threatened vegetation communities (Melaleuca ericifolia swamp forest 
and Eucalyptus brookeriana wet forest).  

Field observations confirmed that the majority of sites were associated with cleared, agricultural 

pastures, devoid of native vegetation. Some sites were in cleared areas adjacent woodlands or forests. 
Just nine sites were observed as being truly in a native forest environment (Table 33). 

 Table 32 Summary of Tasveg communities mapped at mound spring sites. Note: for 
some sites more than one vegetation type had been mapped.  

Tasveg Tasveg Description Conservation Status No. 

DOB  Eucalyptus obliqua dry forest  2 

FAG  Agricultural land  98 

NAR  Acacia melanoxylon forest on rises  5 

NME  Melaleuca ericifolia swamp forest Rare and Endangered 1 

OAQ  Water  2 

SLW  Leptospermum scrub  1 

WBR  Eucalyptus brookeriana wet forest Vulnerable 2 

WNU  Eucalyptus nitida wet forest (undifferentiated)  1 
 

 Table 33 Summary of in field vegetation observations for mound spring sites. 

Field Vegetation No. 

Introduced pasture 59 

Introduced pasture surrounded by woodland or swamp forest 4 

Introduced pasture with Cypress wind breaks. 21 

Introduced pasture with patches of native vegetation, fenced. 9 

Introduced pasture, some sparse native overstorey species in valley 1 

Introduced pasture. Some native vegetation in fenced area around open water in vent. 1 

Melaleuca and Blackwood forest 3 

Melaleuca Swamp Forest. 6 

Planted natives on rocky mound 1 
 

Weeds noted during assessments included Blackberry, Gorse, Californian Thistle, other Thistles, 

Ribwort and Fireweed. Watercress seems to occur at many spring sites and seems to be associated with 

the nutrients and key elements offered to them by spring waters. Tall Fescue appeared to be the 

dominant pasture grass used in the vicinity of the mound springs. Aquatic vegetation associated with 
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some mound springs included Typha sp., Duckweed, Eleocharis sp. , Ghania sp., Juncus sp., Lepidosperma 
sp., and Poa sp.. 

Threats observed at mound spring sites were most commonly related to either, weeds, stock access 

(i.e. grazing and pugging), drainage, levelling or a combination of some or all of these (Figures 48, 49). 

The majority of sites were open to stock access and therefore pugging and grazing. Weeds and drainage 

were the next most prevalent threats. A house and a dairy have also been built on top of mound springs 
at Mella. 

 

 Figure 48 Demonstrated spring threats: drainage, excavation and cattle access. 

 

 

 Figure 49 Frequency bar graph and summary of threats recorded at mound springs. 
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4.7.3. Water Sampling 

Spot Sampling 

Spot water quality records were taken in the field where water was available to sample. Measurements 
were taken with the WTW P3 Multiline instrument. Results are presented below (Table 34). 

pH is near neutral in all mound spring waters and the water temperature ranges from just 9 to 22oC. 

Where there was freewater or a pool at the spring vent, the depth of water was typically shallow 

(<0.3m). EC was perhaps the most interesting parameter from a water source point of view. The EC of 

groundwater associated with the Black River Dolomite aquifers is typically much higher than that of that 

associated with the Smithton Dolomite (i.e. 1430 – 2330, compared with 824 – 1104). 

 Table 34 Water quality spot sampling results for select mound springs. Note: sample 
symbol links samples to those included in the Laboratory Results section below. 

Site 
ID 

Sample 
Symbol 

Location Geological 
Unit 

Date EC 
(µS/cm) 

pH Temp 
(
o
C) 

Water 
Level 
(m) 

26  Deep Creek Bay Black River 
Dolomite 

31/05/2011 2110 6.01 18.3 0.15 

28  Deep Creek Bay Black River 
Dolomite 

31/05/2011 2060 6.47 12.5 0.20 

5  Irishtown Black River 
Dolomite 

20/05/2011 2000 6.47 22.0 2.50 

33  Pulbeena Black River 
Dolomite 

1/06/2011 1430 6.54 17.6 0.20 

48  Smokers Bank Black River 
Dolomite 

1/06/2011 2330 4.7.3.1.1.1.1. 6
.13 

18.9 0.15 

55  Smokers Bank Black River 
Dolomite 

1/06/2011 1452 6.17 12.5 - 

16  Edith Creek Smithton 
Dolomite 

31/05/2011 824 4.7.3.1.1.1.1.1. 7
.25 

13.4 0.30 

67  Mella Smithton 
Dolomite 

2/06/2011 865 7.17 17.3 1.50 

74  Mella Smithton 
Dolomite 

2/06/2011 1104 7.23 17.5 - 

75  Mella Smithton 
Dolomite 

2/06/2011 873 7.12 18.5 - 

76  Mella Smithton 
Dolomite 

2/06/2011 2590* 6.94 12.7 - 

77  Mella Smithton 
Dolomite 

2/06/2011 876 7.05 19.1 - 

78  Mella Smithton 
Dolomite 

2/06/2011 849 7.12 18.1 - 

79  Mella Smithton 
Dolomite 

2/06/2011 868 7.16 19.4 - 

80  Mella Smithton 
Dolomite 

2/06/2011 875 7.12 19.4 - 

81  Mella Smithton 
Dolomite 

2/06/2011 881 7.13 18.9 - 

100  Mella Smithton 2/06/2011 879 7.12 18.7 - 
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Dolomite 

101  Mella Smithton 
Dolomite 

2/06/2011 873 7.10 18.3 - 

102  Mella Smithton 
Dolomite 

2/06/2011 864 7.19 17.9 - 

103  Mella Smithton 
Dolomite 

2/06/2011 875 7.43 12.6 - 

104  Mella Smithton 
Dolomite 

2/06/2011 878 7.50 14.0 - 

105  Edith Creek Smithton 
Dolomite 

6/07/2011 863 7.17 8.9 0.20 

106  Edith Creek Smithton 
Dolomite 

6/07/2011 848 7.22 11.1 0.10 

*Note: this sample is uncharacteristic of the regional groundwater and other nearby springs. This EC record represents a 
concentrated and elevated reading. It may be representative of a local flow system and possibly influenced by surface processes.  
Further evaluation is required. 
 
Laboratory Results 

Results obtained from laboratory analyses for mound spring water chemistry, nutrients, anions, cations, 

metals are presented in Appendix C. These support the findings presented above for spot sampling. 

Results for four Black River Dolomite and three Smithton Dolomite springs are included. The samples 

were also plotted in a piper diagram (Figure 50). The mound springs originating from the two dolomite 

types separate well in the cation ternary plot (lower left) although the two actual dolomite signature 

samples plot together (i.e. Smithton Dolomite and Black River Dolomite). In the anion and combined 

diamond plots, only three of the suspected Black River Dolomite spring samples group together (Devil 

spring, Railway east and Limestone quarry). The fourth, The Springs Mound Spring (Deep Creek Bay 

#26), plots together with those from the Smithton Dolomite.  This spring has at least twice as much 

Sodium as other samples, three times as much Chloride and the highest Sulphate results (Appendix C). 
It may be being influenced by the underlying Rocky Cape Group which outcrops near the coast. 
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 Figure 50 Piper diagram showing mound spring samples and key geology signatures 
(Smithton Dolomite and Black River Dolomite). 

 

A summary of a number of anion and cation parameters which clearly show the variation in 
groundwater signatures between these two aquifers is included below (Table 35). 

 Table 35 Summary of water sample results demonstrating key variations in water 
signatures for the two regional dolomites. Note: Averages based on sample numbers 
described above. 

Geological Unit pH EC 
(µS/cm) 

Ca 
(mg/L) 

Mg 
(mg/L) 

SO4 
(mg/L) 

HCO3 

(mg/L) 

Black River Dolomite 6.20 2112 222 137.85 8.77 1291 
Smithton Dolomite 6.97 836 105 33.13 3.67 471 

 

pH is slightly higher in the Smithton Dolomite springs and EC less than half that of the Black River 

Dolomite. Calcium in the Black River Dolomite is over twice as high as that in the Smithton Dolomite. 

Magnesium is four times as much and Sulphate twice as much as the Smithton Dolomite. Bicarbonate is 

three times as high in the Black River Dolomite. Dissolved Potassium is typically higher in the Black 
River Dolomite (except for the Pulbeena limestone spring site).  
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As far as metals are concerned, dissolved Barium, Zinc and Copper are typically higher in the Black 

River Dolomite. Manganese and Nickel follow this trend (except for the Pulbeena limestone site). 
Strontium is higher in the two most northern Black River Dolomite sites. 

Spring 5 (Devil Spring) appears to be discharging from the Black River Dolomite.  The general ionic 

ratios appear consistent with other water samples taken from springs and bores in the same dolomite 

unit, although at higher total concentrations. The pH remains below 7; suggesting water is not yet in 

chemical equilibrium with surrounding rocks and is most likely rising rapidly from the gas source to the 

surface. Although untested, we suspect the gas is predominantly CO2 and hence a source of acid. There 

has been some previous work done on gas discharge from a seep closer to the coast (including the 

drilling of a deep hole to measure the thermal gradient) which makes us suspect that the water is 

coming from a deep source, hence the elevated temperature and gas pressure. The water temperature 

at this site is 3-4oC above all other springs. The pool associated with the spring head is also the deepest 

(2.5m). This spring is different to the others besides having a typical Black River Dolomite signature. It 

has elevated Dissolved Aluminium (78 µg/L), Chromium (7.1 µg/L) and Fluoride (1.6 mg/L) levels. This 

site also has high dissolved arsenic levels (19 µg/L), beyond Australian standards. Dissolved iron (Fe) is 
>7000 µg/L at this site whereas it is generally <50 µg/L at other sites (Figure 28). 

 

 Figure 51 Devil Spring, Irishtown mound spring. 

 

Spring Dating 

Water from five mound springs was sampled for Chlorofluorocarbons (CFCs). CFCs are an 

atmospheric substance from refrigeration and other anthropogenic sources from the 1950s through the 

1980s, which dissolve in precipitation, become incorporated in the Earth‟s hydrologic cycle, and can be 

found in groundwater that has been recharged within the past 50 years. CFCs can provide information 

about the age of ground water which can then be used to define recharge rates (time elapsed since 

recharge) and potentially water origin. The results from the spring dating (CFC sampling) are included in 
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Table 36 and show all spring water seemed to recharge within a decade of one another and take 
approximately 33 to 44 years to travel through the aquifer from point of origin to the spring vent.  

 Table 36 CFC results for sampled mound springs. 

Site ID Location CFC-11 (Conc. 
in water pg/kg) 

CFC-12 (Conc. 
in water pg/kg) 

CFC-11 
Apparent Age 
(yrs) 

CFC-12 
Apparent Age 
(yrs) 

5 Irishtown 190 150 1972 1978 
16 Edith Creek 147 90 1971 1972 
26 Deep Creek Bay 144 76 1970 1971 
48 Smokers Bank 110 60 1969 1969 
67 Mella 82 53 1967 1968 
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5. Discussion 

5.1.  Hydrogeology 

The Smithton Dolomite is the primary water supply aquifer in the study area and has been the aquifer of 

primary focus in this report. The dolomite has been variously described as confined in Mella area and 
regionally unconfined across the catchment. 

Evidence for the confinement comes from the field observation of several flowing artesian bores that 

flow year round and based on discussions with local landowners only stop flowing during the summer 

irrigation period during which they are pumped. The spring mound deposits, both extinct and active also 
add to the evidence that the aquifer is confined in nature. 

Whilst there is no doubt that the water is under pressure, the artesian bore field is confined to a 

relatively small area and is interspersed with bores that are not artesian including two sets of paired 

departmental monitoring bores.   The paired monitoring bores, monitoring both the dolomite and the 

overlying Quaternary material display both a direct hydraulic connection and similarities in water 
chemistry. This would indicate that the aquifer also behaves in an unconfined manner. 

This would suggest that the cause of the apparent confinement is more complicated than first thought. 

Davidson et al. (2007) correctly state that there is no evidence of a widespread layer (such as an 

aquitard) leading to the development of the confinement. They have hypothesised that the confinement 

could have formed by the degassing of CO2 rich carbonic groundwater leading to secondary 

cementation.  Whilst this is a possibility, it is also feasible that a traditional hydrogeological confining 

layer may not be necessary. 

The artesian bores and the spring mound deposits are strongly coincident with the inferred dolerite 

dykes. It is likely that that the dykes provide a physical barrier to northwards groundwater flow, forcing 

water to the surface - most probably through karstic conduits or fractures in the dolomite. The 

development of conduits has been observed directly by the authors of this report and by Davidson et al. 

(2007) in a commercial quarry near Smithton, where fissures up to 10 cm in diameter have been 

observed discharging groundwater. Drill hole data obtained from logs returned to DPIPWE from 

commercial drillers and drilling undertaken during this project have also confirmed the presence of well 

developed conduits, often yielding large quantities of water. The nature of the interconnectivity of the 

conduits is not well understood, however anecdotal evidence from bore owners suggests that there is a 

high degree of connection in the Mella-Broadmeadows area where direct interference between bores 

has been reported.   

If conduits were of insufficient size to allow free transmission of water, pressurization of the aquifer 

above the transverse dykes would occur, leading to elevation of the piezometric surface. It is possible 

that this surface co-incides with that of the co-incident elevation of spring mounds (between 3 and 5 

metres above plain level). That conduit development is not yet in equilibrium with groundwater 

transmission is supported by the observation that mound spring waters are generally unsaturated with 

respect to bicarbonate, indicating an immature stage of conduit development. This would negate the 

need to propose the existence of a well developed confining layer that to date has not been identified in 
the field.  
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5.2. Recharge 

Diffuse recharge has been determined to be the primary recharge mechanism that provides input to the 

major Smithton Dolomite Aquifer and the other aquifer units. This has been demonstrated with the 

hydrograph data obtained from the monitoring bores which are located across the catchment.  

With the addition of new monitoring bores AR1 and AR2 the coverage across the aquifer extended 

from the North to the South of the catchment. Response to rainfall in all the of the bores was almost 

instantaneous indicating that the entire Duck Valley more than likely can be considered as a part of the 

recharge area.  

Recharge is also likely to be occurring in the elevated areas to the east and west of the catchment, 

particularly to the south of Edith Creek, where the major recharge unit (Black River Dolomite) is in a 

faulted relationship with the Smithton Dolomite.. The exact mechanism for the recharge to enter the 

Smithton Dolomite from the Precambrian and Cambrian units is unclear, however, and at least part of 

the recharge has been observed to discharge as spring flow coincident with the Roger River Fault. To 

the north of Edith Creek the Smithton Dolomite is thought to conformably underly the Keppel Creek 

Formation, which would act as an aquiclde between the two dolomite units, restricting the likelihood of 

direct recharge from the Black River Dolomite in the northeast of the syncline. The thinness of units 

overlying at least part of the Black River Dolomite east of the Duck valley is illustrated by the presence 

of large sinkholes in overlying basalt at Alcomie, and in Keppel Creek Formation near Nabageena, 

presumably developed through solution of underlying carbonates. This implies that recharge to this 

dolomite unit, through overlying strata, takes place beyond the mapped boundaries of surface exposure 
of the dolomite. 

Recharge from losing streams is another potential source of recharge to the aquifer system. Whilst this 

is likely to occur at all points where tributary streams intersect surface exposures of the Smithton 

Dolomite (predominantly along the eastern and western valley-margins) it is likely  to also occur along 

numerous reaches of the Duck River, controlled by seasonal relationships between the water table and 

river stage. However, both the run-of-river electrical conductivity survey and the water level to stream 

bed height survey suggest that the river does not play a dominant role in recharging the Smithton 
Dolomite Aquifer. 

Potential does exist however for losing stream to contribute to the aquifer in the south. Although the 

data points are sparse there appears to be a downward gradient between the aquifer and the Roger 

River, i.e. groundwater levels are lower than the stream bed.  This is further supported by the run-of-

river data in the streams south of the Roger River district, where streams do not appear to be receiving 

high EC aquifer water.   Caution must be exercised however, as this only indicates that the southern 

streams could be potentially losing – not that they are.  As such they have not been included in the 
quantification of recharge to the dolomite. 

Point source recharge could be an additional recharge mechanism.   Sinkholes, formed by the dissolution 

of the carbonate bedrock are a feature that could potentially contribute to recharge. They have been 

most commonly observed in the field to the south of Roger River, and are mapped on both the 1:25000 

geological and topographic maps. The sinkholes, as topographic low points, have the potential to collect 

runoff and contribute to recharge.  Whilst reasonably numerous these features are unlikely to play a 

significant role in the catchment-wide water balance. They are mainly useful as an indicator of the 

distribution of general recharge zones. 
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5.3. Discharge 

Groundwater discharge has been demonstrated to occur at multiple points across the catchment.  Loss 

from the groundwater system into the Duck River and its northern tributaries is likely to be a significant 

component of discharge.   The run-of-river survey and analysis of previous „State of the Rivers‟ data 

demonstrated that groundwater discharge to the Duck River is potentially occurring along the entire 

length of the Duck River during the summer months.  It is probable that discharge is also occurring 

during the winter months when groundwater levels are further elevated due to winter recharge 
although this would need to be confirmed by stream gauging during the winter period.   

Numerous springs were mapped during the project, both mound springs and springs in close association 

with the Duck River and tributaries.  Spring discharge on the Duck River in particular demonstrated the 

relative importance that spring discharge plays in contributing to the flow of the streams. Devil Spring  

and numerous other springs on bothe Copper Creek and Coventry Creek have further demonstrated 

that discharge of spring water plays an important role in the overall surface water budget and therefore 
require ingoing monitoring and management. 

A significant area of groundwater discharge exists in the northern region of the syncline, in the Mella-

Broadmeadows area. Discharge is obvious in the form of active mound springs and numerous uncapped 

and flowing artesian bores. The fact that extinct spring mound deposits exist and that it was historically 

a swamp indicates that it has been an area of active discharge for an extended period of time. Further 

gauging of spring flow and flow from the artesian bores is required to quantify the volume of discharge. 

Standing water level contours indicate that groundwater flow in the far south of the catchment is 

towards the Arthur River, although water level data is limited (restricted to wetter months) and the 

precise relationship between the aquifer and the river is not fully understood. Flow in the north is 

towards the sea and discharge will be occurring in the Duck River estuary, Duck Bay, at the Bass Strait 

coast, or at some point out to sea. Further investigation of the estuarine/coastal interactions are 
warranted, given the interaction of a conduit system with the marine environment. 

Groundwater is extracted in the catchment for both commercial and domestic purposes. The 

groundwater bore survey identified a significant portion of the extraction bores currently in use.  The 

follow up water use survey across the Smithton Dolomite aquifer estimated that groundwater use was 
in the order of 6100 ML/year.    

 

 

5.4. Surface and Groundwater Monitoring 

Rivers in the catchment appear to be significantly impacted by land management practices, which have 

resulted in much higher nutrient levels than have been recorded elsewhere in Tasmania under the State 

of the Rivers program. Nutrient concentrations were particularly high in Edith Creek, Coventry Creek 

and White Water Creek, and contributions from these creeks is likely to be the main cause for elevated 

nutrient concentrations in the lower reaches of the Duck River (Bobbi et al. 2003). Nutrient export 

loads from the catchment are among the highest recorded in Tasmania; total phosphorus and total 
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nitrogen export coefficients were 1.67 kg/mm/km2 and 0.532 kg/mm/km2 respectively. Elevated nutrient 

export coefficients recorded in the Duck River catchment are probably caused by a combination of 

factors including high rainfall, intensive dairy farming and paddock drainage, discharges of effluent from 

dairy sheds, river bed and bank de-stabilisation caused by stock access and a lack of riparian buffering. 

However, recent monitoring of nitrate concentrations in natural karst springs across Tasmania indicates 

that natural nitrate levels in the catchment may also be higher than elsewhere (Houshold pers.comm. 

2011). 

Testing for faecal bacteria across the catchment showed that faecal pollution is highest in the lower 

catchment, particularly in the Edith Creek drainage system, where extensive open drains and a lack of 

riparian buffering, along with dairy shed effluent and other nearby industries are likely to be the main 

factors leading to faecal pollution and nutrient enrichment of this creek. 

Investigations following fish kills in Scopus Creek , in the Mella area, found that the pH of the water in 

this small drainage system was periodically very low (<3) and was the result of exposure to acid sulphate 

soils. Extraction of groundwater was assumed to reduce the local water table sufficiently to cause the 

generation of acid drainage water, which when flushed into waterways resulted in fish kills and the death 

of other aquatic life.  Better management of water extraction and monitoring of groundwater levels in 

seen as important if the environmental threat of acidic drainage is to be reduced. Acid sulphate soils are 

also likely to be occurring in Mella, Togari, Montagu, Harcus and the Brittons Swamp areas (Bobbi et al 

2003). 
 

5.5. Water Balance 

Based on the calculations and interpretation presented throughout this report it is possible to derive a 

preliminary water balance that can be used as an initial starting point for the development of 

management plans and the further development of a coupled surface water groundwater model.  The 

components of the water balance have been grouped as groundwater inflow and groundwater outflow 
to establish the overall budget (Table 37). 

 Table 37 Preliminary water balance 

Mean Annual Rainfall:  1140 mm/yr 

Component ML/year 

Duck River Discharge: 183000 

Discharge to Duck River: 39894 

Surface water runoff: 143106 

    

Groundwater In   

Rainfall Recharge (Diffuse): 63000 

Point Source: not quantified 

Streams: not quantified 

 TOTAL INFLOWS:  63000 

Groundwater Out   
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Groundwater Abstraction: 6100 

Stream Discharge: 39894 

Evapotranspiation: not quantified 

 Spring Discharge (at a minimum):  4380 

TOTAL OUTFLOWS: 50373 

Groundwater in - Groundwater Out +12626 
 

 

As can be seen from the table above, the water balance indicates that there is an excess of 12623 ML/yr.  

Care should be taken when using this interpretation as there are several significant components of the 
water balance that have not be quantified. Potential areas that could be made more robust include: 

 Evapotranspiration: This has not been accounted for and should be through the modelling 
process. 

 Inclusion of additional spring discharge where gauged data is available 

 Incorporation of the potentially losing streams in the south of the catchment 

 Quantification of discharge to the coast. 
 

 

 

5.6. Groundwater Surface Water Interaction 

 

5.6.1. Dismal Swamp 

Geology and Geomorphology 

The swamp is recognised by geomorphologists as a polje, a rare karst landform and one of the best 

examples in Australia and therefore a significant geoconservation site (Sharples 1999). Poljes in karst are 

large depressions, with conspicuously flat floors. They are almost always aligned with major tectonic 

lines and are oval in shape and are often flooded in the wet seasons. Dismal Swamp lies in a breached 

anticline within the greater Smithton Synclinorium. The low ridges around the swamp are typically 

Precambrian lithic conglomerates, greywackes, siltstones and theolitic basalts assigned to the Kanunnah 

Group (Keppel Creek Formation). This group is underlain by Black River Dolomite and overlain by 

another carbonate unit, the Smithton Dolomite. The actual floor of the swamp is believed to be 

underlain by the Black River Dolomite which may be up to 250m thick, which would be thick enough to 

enable karst conduit development (Sharples 1999). Dismal Swamp may have been within the range of 
marine processes during the middle Pleistocene interglacial stages. 
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Hydrology 

The primary objective of the Dismal Swamp investigations was to understand the hydrology and 

connectivity between surface water and groundwater resources at the site and particularly the sinkhole 

in the northern end of it. Historical observations suggest that Dismal Swamp is filled with water in 

winter and drains in summer (via the ephemeral outlet stream in the west and also internally). Dismal 

Swamp is situated in extremely flat terrain where the smallest change in elevation has a significant effect 
on water flow.  

The Dismal Swamp basin is enclosed by a rim of steep marginal slopes 20-40m high on all sides except 

three short points in the rim at the northwest inlet, the southeast and western outlet. The bottom of 

the sinkhole is approximately 5m below the rim at 36.3m. The bottom of the creek at the inlet is 

43.24m and that at the outlet is 38.6m. The only two points available for the southern end of the swamp 

are 42.06m and 44m. The ephemeral inlet drains into the main swamp basin over a gradient of <0.5m 

over 300m. Just 2km north of the swamp across the Bass Highway, the streams run north instead, 

demonstrating the swamp is closed at the northern point of its rim. The southeast low point appears to 

be 600m wide and there is no obvious outlet drainage at this point in the rim. Field observation 

demonstrates that the swamp is also closed at this point (Houshold pers. comm. 2011). The lack of 

creek channels throughout the main swamp basin together with better drainage in the main swamp also 

suggests that the western outlet may only flow when water from the main basin overflows into the 

drainage line during winter. This thus suggests that the entire swamp is predominantly closed and 

internally draining. Sharples (1999) suggests that the western low point in the swamp rim may have 

developed by headward incision of the western creek, which now captures surface water drainage from 
the western side of the swamp basin.  

Vegetation, together with mottling within the soil profile suggest the swamp floor is seasonally inundated 

with regular drying out periods. The hydrological behaviour of the sinkhole in the north of the swamp 

confirms this theory. The sinkhole is prominent, conical and fully enclosed. The bottom of the sinkhole 

lies several metres below any part of the swamp floor, the northern inlet or western outlet, therefore 

karstic drainage is the only way to explain the evacuation of water into an aquifer that discharges at a 

lower altitude than the surrounding swamp (Sharples 1999). Despite preconceptions of the swamp being 
a seasonally wet and dry system, the sinkhole exhibited rapid wetting and drying in response to rainfall.  

Throughout the monitoring undertaken in winter 2011, the standing water level in the southern bore 

was higher than the swamp floor and the groundwater in the western bore was at a similar level to that 

of the swamp floor. Water chemistry suggests that groundwater intercepted in the southern bore is not 

the regional dolomite aquifer, rather a perched, shallow freshwater lens in the clay at that location. 

Water levels in the sinkhole when full are above that of the outlet and western bore. This may suggest 

that when the sinkhole is full it empties and supplies surface water flow into the swamp and out the inlet 

and when it is empty, flow at the outlet ceases and water in the swamp drains internally via the sinkhole 
(and perhaps other unmapped drainage points). 

The commence to fill timing for the sinkhole is almost immediate (<24 hours) in response to the rainfall. 

It seems rainfall of approximately 20mm or more in one event is required to initiate filling in the 

sinkhole. The rate the sinkhole empties is dependent on many factors including the ongoing cumulative 

effect of rainfall over the following period. When the rain stops, the sinkhole begins to empty almost 

instantaneously. It generally takes 4-5 days to empty once full. 
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The swamp seems to fill from surrounding soil water and drains out via a karst conduit in the bottom of 

the sinkhole (and potentially other locations), and when this is full, the outlet at the western side of the 

swamp. When the fill rate (i.e. water inflows through Quaternary sediments sitting on top of the 

Dolomite) exceeds the drainage rate (i.e. via the conduit in the bottom of the sinkhole), the sinkhole will 

begin to fill and at times overflow into adjacent low-lying areas on the swamp floor, which then seem to 

flow out the western outlet stream. The karst conduit associated with the sinkhole appears to be a key 

point recharge site for the Black River Dolomite. Other recharge sites or zones are likely to exist 
throughout the swamp complex (both point and diffuse).  

Folklore in the Smithton region holds that water from Dismal Swamp drains underground to Marrawah 

Bay (15km west). A large conduit was tapped by a bore drilled in 2006 near Redpa which is claimed to 

discharge at 58 L/s (bore depth 40m) and was thought by locals to represent the underground stream 

flowing from Dismal Swamp to the sea (Kempton 2006). This flow path seems unlikely based on the 

structure of the underlying rocks. The swamp lies in a breached axis of a northwest – southeast 

trending anticline and thus the most likely direction for karst drainage to occur is along this axis. The 

only way which drainage could occur to the east or west would be via interstratal karst, below both 

Smithton dolomite and Keppel Creek Formation, andtransverse to the strike of deep and broad fold 

structures. This may be conceivable, but unlikely to have developed major conduits due to steeper 

hydraulic gradients along strike. Low lying topographic corridors occur along strike to the northwest 

and the southeast of the swamp, so it is unclear which direction the karst spring may express and none 

has been located to date (although the hydraulic gradient from the swamp is sufficient to produce 

groundwater flow in either direction). However, the majority of karst conduit water is likely to flow 

southeast towards Montagu Swamp or northwest into a tributary of the Welcome River. It is likely that 

the Redpa bore has intersected a conduit in the Smithton dolomite, which underlies Quaternary units in 
this area. 

 

Water Chemistry 

The pH readings for the swamp are quite acidic (4 – 5.25). The acidity does not appear to change 

significantly throughout the year though which may suggest a single, dominant water source consistently 

throughout the year. EC shows an inverse response to the water level: as the level increases, EC 

decreases and vice versa. The range of EC values however is small (150 – 250 µS/cm). The fact that EC 

decreases as the swamp fills suggests that the bulk of the inflow is from a freshwater and likely surface 
or soil water source.  

In all, it does not appear that groundwater was significantly contributing to water in the swamp complex 

throughout the study period. In general the bicarbonate levels in each of the sinkhole water chemistry 

results suggests that there is little water discharging from the sinkhole or underlying groundwater into 

the swamp. None of the sinkhole water chemistry, not even that of samples taken in summer when one 

would expect groundwater inputs to be greatest, indicate significant input from the Black River 

Dolomite, however there is slightly more bicarbonate (HCO3) in the summer sample than in other 

samples taken in other seasons. The west bore had the most bicarbonate, followed by the deep bore, 

the summer sinkhole sample, the outlet and the inlet. The southern bore and the two other sinkhole 

samples resemble rain water (very low bicarbonate). The EC in the deep bore indicates groundwater, 

most likely from the Keppel Creek Formation, and the west bore suggests some dolomite influence. 

Water flowing through Quaternary sediments overlying the dolomite into the sinkhole appears to pick 
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up some bicarbonate from contact with the underlying carbonates, however the inlet water chemistry 
appears to influenced more by the Keppel Creek Formation. 

The sodium chloride and bicarbonate in the western bore suggest that interaction with dolomite is 

contributing to the groundwater in the west of the swamp and the outlet stream appears to be gaining a 

little from the regional groundwater. The Dismal Swamp outlet, western bore and summer sinkhole 

samples appear to show some influence, although small, of groundwater inputs. The two surface water 

samples were taken in January 2011 and may indicate some gaining conditions or a concentration of 

groundwater ions in surface water during dry periods or after the first flush of waterways into the 

swamp (i.e. the January samples were collected after an unusual and significant summer rainfall event, 

after a fairly dry period). The bore sample was taken in May which may suggest a more consistent 
groundwater input. 

From the shallow bore monitoring and assessment, it is clear that ecosystems in Dismal Swamp rely on 

shallow groundwater flowing through Quaternary sediments which overly the dolomite. The water 

chemistry indicates that only minor groundwater inputs may occur in summer periods. There may be 

some contribution from the deeper dolomite aquifer during winter, however further monitoring is 

necessary to confirm this. What is clear is that Dismal Swamp is an important regional recharge point 

for the Black River Dolomite aquifer, with significant inflows to the underlying karst conduit system 
occurring after rainfall.  

 

Acid Sulphate Soils 

Swamp communities are generally associated with depauperate, acid soils, deep organic horizon, and low 

fertility sandy soils. In northwest Tasmania, small pockets of pyritic sediments (potential Acid Sulphate 

Soils - pASSs) may occur buried under coastal sediments. These occur in areas such as Mowbray, 

Montagu and Brittons Swamps. Field and laboratory results indicate that these swamps contain pockets 

of ASSs that are exposed in some instances and discharging acid drainage into receiving waters (i.e. 

drains at Mella). Drainage from other swamps in the area show high salinity and sulphate levels.  

Groundwater in the Mella area is acidic (pH <5.0) and contains high dissolved Iron (Fe) and total 

dissolved solids (TDS). Low-lying coastal sand dunes and swamp sediments in the area may be potential 

hosts for buried pASS (Gurung 2001).  

Unlike swamp ecosystems developed on surrounding impermeablr rocks (such as the Rocky Cape 

group), Dismal Swamp has not developed significant depths of organic soil. In fact, most auger holes do 

not reveal a major A horizon. Evidence from soil mottling and the rapid and significant (>5m) fluctuation 

of the water table within the swamp suggests that waterlogging is not sustained long enough to support 

peat formation, rather a narrow organic layer is maintained by decay of forest litter, which may be 

rapidly incorporated into the broader soil horizon through widespread bioturbation (the swamp 
contains a high density of Burrowing Crayfish). 

Whilst organic decay may be a potential source of soil water acidity described above, conditions do not 

reflect those typically associated with generation of humic and fulvic acids typical of peatlands. As the 

swamp may have been within the area inundated by the last Interglacial high sea-level stand, it is possible 

that sulphide-bearing sediments may have been deposited, providing a source of potential acid-sulphate 

soils. Rapid and significant fluctuation of the water4 table may lead to conditions where the soil profile in 

the swamp is alternately subject to oxidising and reducing conditions, leading to the generation of 
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natural acid-sulphate systems, including acidification of water. Whilst the relatively low concentration of 

sulphates dissolved in water samples from the sinkhole, inlet and outlet streams tends to refute this, it 

has been demonstrated that the presence of available aluminium in contributing waters may possibly 

allow the complexing and deposition of sulphates within this range of pH (Gurung pers. comm. 2011., 

Appelo and Postma, 2005)). This possibility may be tested by sampling of key horizons of the 

Quaternary cover and analysis for sulphides (analysis of water suggests sufficient Al is present, most 

likely derived from weathering of surrounding Keppel Creek Formation and transport, either through 

surface streams feeding the swamp sediments, or direct input via the groundwater system at the polje 
rim). 

 

5.6.2. Mound Springs 

Artesian springs in flat, sometimes arid environments, are known to produce deposits with a distinct 

mound shape and are hence referred to as mound springs. Mound spring occurrence is relatively rare 

on Earth. Springs typically develop when pressurised groundwater flows through fissures and cracks and 

emerges at the ground surface. The spring dissolves the bedrock forming a collapsed depression and 

then a deeper and wider pool. The water precipitates calcite along pool edges where inorganic degassing 

of carbon dioxide is enhanced as water flows into an outlet channel (Nelson et al 2007). As precipitation 

of minerals continues the mound increases in size and the hydraulic gradient driving the flow decreases. 

Eventually the mound becomes high enough that the hydraulic gradient is no longer sufficient to provide 

flow and the mound becomes extinct. Mound springs tend to form in clusters as once a certain height is 

attained that is in equilibrium with hydrostatic pressures, it is easier for new springs to develop nearby 

than for old springs to remain highly active.   

Perhaps the most famous of Australia‟s mound springs are those found within the Great Artesian Basin 

(GAB). Many of the GAB spring wetland regional ecosystems have been listed as an endangered 

community under the national Environment Protection and Biodiversity Conservation Act 1999 (i.e. the 

community of native species identified as dependent on natural discharge of groundwater from the 

GAB).  Various states offer other mound spring protective measures. The isolation of some of these 

artesian spring wetlands has led to the evolution of unique species, many of which are endemic to these 

spring environments. Artesian pressure is the key sustaining feature of these ecosystems. Groundwater 

extraction decreases flow rates and thus artesian pressure. The effects of draw down are felt across the 

area of artesian flow. A bore capping program is being undertaken throughout the GAB to address 
pressure related issues and foster spring health.  

Mound Springs in Tasmania: Smithton Syncline 

The existence of mound springs in Tasmania has been known for at least the past century although not 

perhaps appreciated to date nor well understood. Mound springs are a unique and prevalent feature of 

the Smithton Syncline region. They are known to occur in a few isolated patches elsewhere throughout 

Tasmania (e.g. Loongana, Perecipitous Bluff), however Smithton appears to support the greatest number 

and the highest density of mound springs . The density of mound springs within parts of the catchment 

(i.e. Mella) is most likely not matched anywhere in Australia. 

The bulk of Tasmania‟s northwest mound springs occur within two low-lying plains either side of 

Smithton, one which overlies Smithton Dolomite (the Mella plain) and the other Black River Dolomite. 

The majority of mounds are calcareous and limonitic but a few are dominantly siliceous. These springs 
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derive from confined karst aquifers driven by potentiometric gradients, broadly from the south (within a 
regional syncline) (Davidson et al 2007).  

The mounds have been described in many previous geological reports dating back to the early1900‟s 

(Nye et al. 1934; Gulline 1959; Brown 1989 ). Mound spring fed swamps developed from at least 65,000 

BP. giving rise to Mowbray (Mella), Broadmeadow and Pulbeena swamps. These plains are typically filled 

by 1-5m of peat and marly sands which owe their development to the artesian waters. In 1934 Nye et al. 

noted groups of mineral springs best developed in five localities: Mowbray swamp (Mella), railway 

crossing of the eastern branch of Perkins Ck, Marthick siding, Pulbeena, mouth of Deep Creek and 

beside Copper Creek. In 1982 Colhoun et al. described groups of mound springs at the following sites: 

Pulbeena Swamp, Mella, Christmas Hills, mouth of Deep Creek, and Marthick‟s siding. The Mella and 

Pulbeena spring areas combined constitute the largest collection of active geothermal mound springs in 

Tasmania (Davidson et al 2007). Morrison (2002) decribed two systems within the area; a 2.5 km long 
system from Smokers Bank to Pulbeena and a 700m long system at Copper Creek.  

Mound spring inventory and particularly water sampling was undertaken to confirm mound spring 

locations, their status (i.e. active, inactive), discharge and seasonality, surrounding land use and spring 

values as well as collection of data to help determine spring water origin and mound spring development 

(hydrogeological processes). Knowledge of these flow paths is vital for ensuring appropriate 

management of these features in the context of overall water management priorities. Understanding the 

hydrogeology of the mound springs will provide insight to their vulnerability to groundwater extraction, 
especially where groundwater dependent ecosystems are apparent.  

Spring Origin and Development 

The pollen record from Pulbeena Swamp indicated that the high spring discharges and high groundwater 

levels during the early – mid Holocene were succeeded by reduced spring flow during the late Holocene 

(documented by the absence of Ostracods between 65-115cm in depth) (Colhoun et al. 1982). Results 

from nearby Mowbray and Broadmeadows Swamps support this finding.  Perhaps this was as a result of 

gradual reduction in hydrostatic spring pressure as spring deposits accumulated or more likely climate 
induced factors. 

Prior to drainage at Mella (Mowbray Swamp) spring waters flowed from many mounds and created 

swampy conditions (similar to Pulbeena Swamp). Broadmeadows data suggests springs were dormant 

between 27,000 and 15,000 BP. It is unlikely that all springs originated at the same time. Spring activity 

commenced after 30,000 BP. at Broadmeadows, and after 65,000 BP at Mowbray and Pulbeena Swamps 

(spring activity is thought to have commenced at Pulbeena first). The main changes in spring discharge 

across all three swamps is synchronous (Van De Geer et al. 1986). There appears to be a long-lived 

hydrostatic pressure-control on groundwater supply to mound springs and thus historic swamps of the 

Smithton region. This is likely a function of climatically controlled recharge (hypothesised by pollen 

paleoclimate analysis undertaken by Colhoun et al. (1982) and Van De Geer et al. (1986)). 

At Pulbeena, the stratigraphy of this unit is partly exposed, revealing an interbedded sequence of shelly 

loam, spring mound calcrete, peat (grading towards lignite) and partly consolidated fine sediment with a 

high content of shell fragments and grit derived from spring mound rocks. The “Pulbeena Limestone” is 

an integral part of the spring mound systems at both Copper Creek and Smokers Bank-Pulbeena. It 

probably represents shallow freshwater sediment and peaty soil formed in the shallow basins which are 

subsiding, as the underlying dolomites are dissolved and converted into spring mounds, carbonated 
waters, and CO2 (Morrison 2002).  
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The siliceous rocks previously mapped as mounds at Deep Creek Bay, may not be related to springs, 

but appear to be silicified facies of Black River Dolomite. Textures in these rocks show cavities lined 

with quartz, cherty laminations and breccias with clasts of chalcedony and veined quartzite, all features 

seen in siliceous facies of Black River Dolomite elsewhere in the area. There is no field evidence of 

zoning, mixing or any genetic relationship between these siliceous outcrops and the calcareous spring 

mounds (Morrison 2002). The McLachlans Road ironstone appears to be geochemically related to the 

Copper Creek spring mound system, on the basis of similar elevations in gold, arsenic and antimony. 
This is consistent with the mapping interpretation of the ironstone being a basin margin fault rock. 

Springs are often forced to the surface under pressure as the result of an impenetrable fixture in the 

flow path (i.e. dyke or fault, etc). There are mapped faults and doleritic dykes in the Smithton region. 

The northwest dyke magnetic expression at Mella seems to have created the similarly aligned spring 

zone in the north west of the Mella Plain. The dykes have the potential to compartmentalise flow and/or 

bound the dolomite aquifer within the northern part of the Mella area. Isopach lineaments are also 

present and run northeast and northwest. These most likely represent the location and orientation of 

joints of faults in the underlying aquifer (Davidson et al 2007). The presence of these fractures coincide 

with the orientation of some mound springs clusters in the Mella and other areas of spring clusters. The 

Pulbeena/Smokers Bank and Copper Creek systems both trend NNW, appear to be structurally 

controlled, and consist of several active and extinct spring mounds. The distribution of mounds roughly 
define the margins of elliptical shallow basins in both cases (Morrison 2002). 

Water Chemistry and Spring Water Origin 

Mella (Mowbray Swamp) spring water suggests juvenile origin water expresses from these springs (water 

from a deep-seated source highly mineralised and warm in areas of present and historic vulcanism - 

Gulline (1959). Davidson et al. (2007) suggest that the uniform nature of element ratios within 

groundwater > 16oC, together with high TDS and HCO3 provides evidence that these waters 

experienced a common history of fluid-carbonate rock reaction in a deep part of the aquifer, before 

expressing at the surface. The elevated water temperature and gas pressure also indicate that spring 

water is coming from a deep source.  

Colhoun et al. (1982) suggest that the difference between the artesian-spring temperatures and the 

mean annual air temperature also indicates that the minimum depth from which the water rises is 

approximately 150m and that the isotopic composition of the spring water indicates that the springs are 

of meteoric origin. Baillie (1992) suggests the gas seeps in the Black River Dolomite near Smithton are 

of geothermal origin. He completed sampling of a gas seep near Smithton which found that the bulk of 

the gas as assayed came from carbon dioxide (60%) followed by nitrogen (30%) and oxygen (10%). Baillie 

(1992) found the chemical and isotopic composition of the Smithton gas to be similar to those reported 

from geothermal areas in New Zealand. If the gas is of geothermal origin he suggested it to be related to 
a deep-seated intrusive source.  

Deep thermal water reservoir temperatures likely exceed temperatures measured at bore heads and 

spring outlets. Reservoir temperatures have been estimated at 32.4-40.3 oC. When combined with 

Baillie‟s (1992) geothermal gradient for the region, the minimum depth of water rock reaction appears 

to be in the order of 1.2 – 1.5km (Davidson et. al 2007). In terms of transmissivity and time lags, spring 

water seems to take approximately 33 to 44 years to travel through the aquifer from point of recharge 

to the spring vents.  
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Further mound spring sampling (of both water and gas, particularly for carbon isotope analysis) would 

provide a greater insight into groundwater sources and mixing, particularly for the Devil Spring at 

Irishtown. Similar work is being undertaken in South Australia in order to characterise groundwater 

mixing and paleohydrology (Crossey et al. nd). 

Devil spring 

The Devil Spring at Irishtown appears to be different from all other mound spring assessed and samples 

collected throughout the Smithton plains. Water temperature at this site is 3-4oC above all other 

springs. Besides having a typical Black River Dolomite signature, it has elevated dissolved aluminium (78 

µg/L), chromium (7.1 µg/L) and fluoride (1.6 mg/L) levels. This site also has high dissolved arsenic levels 

(19 µg/L), (above Australian standards). Dissolved iron is >7000 µg/L at this site whereas it is generally 
<50 µg/L at other sites.  

The rate of degassing at this site, exacerbated by the deep pool in the spring vent, is much higher than 
other sites also.  

Mound Spring Inventory 

As previously described, there are definite groupings of mound springs throughout the Smithton district. 

In all 110 mound springs were mapped for this project. This represents the most comprehensive 

mapping record of mound springs in the region to date. Mound spring clusters are found at 

aforementioned sites including: Copper Creek, Coventry Creek, Smokers Bank, Pulbeena Swamp, Mella, 

west of Edith Creek and the Deep Creek Bay coast, although individual springs occur throughout the 

region. The Mella region alone supports 35% of the mapped mound springs for the entire Duck 

catchment. It has a dense distribution of mounds (approximately 40 springs in 2km2, i.e. 2 mounds per 

100m2) which is thought to be perhaps among the densest in Australia. Springs at Mella can be up to 7m 

high and 15m wide with 10° slopes. 

All of the mound springs assessed were located on private land. Land management was typically 

introduced pasture with grazing land use. The majority of mound springs were associated with flat 

landforms. An assessment of bedrock geology showed that approximately 50% of springs were mapped 

on Smithton Dolomite and most others on the Black River Dolomite. Spring landform was dominantly 

of sloping fan nature, whilst a few sites, particularly those on the west side of the railway near Marthicks 

Siding, were terraced (cascading deposits spread over surface in chaotic fashion). The majority of mound 

springs seemed to be associated with calcareous spring deposits (although no rock sampling was 

undertaken to prove tufa origin). A few sites were obviously siliceous and others predominantly 

ironstone associated. Only 24% of mounds were active, mostly due to modification and drainage (i.e. 

lowering of the spring vent to current potentiometric surface) and at least 50% of active mounds were 

drained. These drainage works are associated with draining and clearing the former swampy areas for 
agricultural development.  

During the mound spring inventory, pH was found to be near neutral in all mound spring waters and the 

water temperature ranged from 9 to 22oC. The conductivity of groundwater associated with the Black 

River Dolomite aquifer was typically much higher than that associated with the Smithton Dolomite (i.e. 

1430 – 2330, compared with 824 – 1104µS/cm). The signature of the Deep Creek Bay springs seems to 

be similar to that of springs from the Smithton Dolomite (despite being of Black River Dolomite origin). 

This spring contains at least twice as much sodium as other samples, three times as much chloride and 
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the highest sulphate results which may indicate influence from a saline wedge or underlying Quaternary 
marine sediments.  

pH was slightly higher in the Smithton Dolomite springs and EC less than half that of the Black River 

Dolomite springs. Calcium in the Black River Dolomite was over twice as high as that in the Smithton 

Dolomite. Magnesium was four times as much and Sulphate twice as much as the Smithton Dolomite. 

Bicarbonate was three times as high in the Black River Dolomite. Dissolved Potassium was typically 
higher in the Black River Dolomite (except for the Pulbeena limestone spring site). 

Some springs associated with the Black River Dolomite effervesce actively, dispelling gases (likely to be 

predominantly CO2) as they bubble to the surface. Gas was recorded at four sites (which also had a 

distinct sulphur smell). Gas was mainly associated with the Devil Spring (discussed above) together with 

some of the coastal springs at Deep Creek Bay and an active spring on the eastern side of the railway at 

Smokers Bank. Goethite precipitation occurs at many mounds during cooling. The ochreous film, 

bubbles and gas were noted by Nye et al. in 1943.  

Threats observed at mound spring sites were most commonly related to either, weeds, stock access 

(i.e. grazing and pugging), drainage, levelling or a combination of some or all of these. Many of Tasmania‟s 

mound springs have been excavated to develop drainage networks throughout low lying areas (i.e. Mella 

which was historically Mowbray Swamp). In some cases modification has ceased flow altogether. Grazing 

can also alter the ecology of mound springs. Almost all sites were subject to grazing during field 
assessments.  

Restoration of mound springs once excavated is difficult. South Australia Government offer best 

practice management advice to landholders of mound springs in that state. They are also developing a 

GDE (groundwater Dependent Ecosystem) policy which includes environmental protection zones 

around key assets to limit the effects of drawdown from surrounding groundwater extraction. The 

artesian flow capping program is also in progress to stabilise a rehabilitate hydrostatic pressure within 

the GAB. Mound springs are an important feature of the northwest Tasmanian landscape and where 
possible, should be protected and conserved as significant GDE‟s in a dolomite karst landscape.  
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6. Conclusions and Recommendations 

 

6.1. Major Findings 

The key findings from this project include: 

 Recharge occurs across the entire Duck River plain in all seasons, although winter recharge 

is dominant in terms of volume. Recharge is effectively instantaneous in response to rainfall 

events, indicating that the aquifer system is generally highly transmissive.  Dating of groundwater 

and spring water has indicated that the waters in the aquifer are not homogenous and several 

local – intermediate groundwater flow systems exist. 

 Significant recharge also occurs in the Precambrian units to the east of the plain, particularly 

where Black River Dolomite crops out (or is covered by unconsolidated Quaternary sediments). 

Recharge is also likely where rocks of the Keppel Creek Formation thinly overly Black River 

Dolomite, as in the vicinity of Nabageena. The nature of the connection between Black River 

and Smithton dolomite is known to be faulted south of Edith Creek, where transmission of 

water is likely between these units (however a proportion is also discharged through a series of 

major contact springs at the fault (Duck, Birthday and Whitewater Springs). 

 Point recharge is likely wherever surface streams cross the Smithton dolomite contact at 
the eastern and western valley margins. 

 Quaternary sediments overlying the Smithton Dolomite are hydraulically connected to the 
deeper aquifer and thus respond in a similar manner in response to rainfall.  

 Many of the major streams, including Duck River, Birthday Creek, Edith Creek, Copper 

Creek and  Coventry Creek,  are gaining streams which receive water from the carbonate 

aquifers at least in the summer time period and likely during the winter period. Streams to the 

south of the Duck River that flow down the escarpment and across the Duck River Valley do 

not appear to be gaining at any time of the year in their plains reaches, and there is the potential 

that they may be losing streams (ie recharging the aquifer) in this area. This would need to be 
further verified. 

 Significant spring discharge occurs across the entire catchment north of Roger River. Major 

springs were found to be influencing the surface water chemistry in the Duck River and 

Birthday, Whitewater, Copper and Coventry Creeks.  In the Duck River, Whitewater and 

Birthday Creeks the springs appear to be controlled by a regional geological structure, possibly 

the Roger River Fault and in the case of the Duck River contribute around 80% of flow to the 
river at the escarpment.   

 Significant discharge from the conduit aquifer is expected along the coastline at Duck Bay, 

and potentially further out to sea. This was not investigated in this study, and further research is 
necessary to properly quantify this component of the water balance. 
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 110 spring mounds were mapped in the course of the study, although many of these are 

now dormant or extinct. It is likely that the Smithton Syncline contains the highest density of 

mound springs in Australia. Most of these are in a degraded condition, predominantly as a result 

of drainage for agricultural development. Of the 110, nine remain surrounded by native 

vegetation communities, with apparently intact hydrology. These should form the focus for a 
program to conserve remaining significant mound springs in the district. 

 The development of mound springs and the artesian bore field in the Mella-Broadmeadows 

area is related to NW-SE trending dolerite dykes that appear to have a damming effect causing 

water to become pressurised at depth and expressing itself as artesian flow when tapped either 

artificially by drilling or exploiting natural weaknesses in the rock. The artesian water was dated 
by CFC dating as being older than 55 years. 

 Dismal Swamp is an excellent example of a karstic swamp developed in a polje (extensive, 

flat karstic depression), perhaps the last remaining in a natural condition in Tasmania. This study 

has demonstrated that the swamp ecosystem relies on the shallow Quaternary aquifer overlying 

Black River dolomite to sustain ecological processes following rainfall, whilst the underlying 

dolomite conduit system comprises an important regional recharge area, as the swamp drains 

underground. The water table reacts very rapidly to rainfall and fluctuates significantly, allowing 

alternating oxidation and reduction of soils and sediments. This may provide a natural source of 

acid-sulphate derived acidity in swamp waters. Ongoing investigation may provide a natural 

baseline to compare processes in similar, modified systems elsewhere in the syncline. From the 

bore survey, the Smithton Dolomite is the primary water supply aquifer in the region. The 

current annual average groundwater extraction from the aquifer is estimated to be around 6100 

ML/yr. Based on the recharge value of 63000ML/yr this equates to around 10% of average annual 

recharge being extracted for commercial use. With the potential for increased expansion of 

irrigated agriculture in the south of the catchment it is likely that this will increase substantially 

in the future. 
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6.2. Management Recommendations 

This study has demonstrated a high level of connectivity between surface and groundwater systems, 

with relatively short transmission times and rapid reaction of aquifers to surface water inputs. This 

reflects the karstic nature of the dolomite bedrock, characterised by extensive, well connected conduit 

and fracture systems. There are some significant groundwater dependent ecosystems, including cave and 

karst systems, riverine, wetland, spring and estuarine areas which will require consideration of 

groundwater flux and quality in their management.. This level of connectivity strongly suggests that 

water management (and catchment management as a whole) should encompass the entire water 
resource of the syncline and key interactions between individual sources within it.  

Water management in the syncline is currently focussed on allocation of surface water for consumptive 

use and protection of the environment.  However, it has been demonstrated that the majority of water 

used for commercial purposes in the Duck River Plains is derived from groundwater (DPIPWE 2011b). 

There is also a high potential for further unregulated expansion of groundwater extraction.  To ensure 

that existing surface water entitlements, current and potential groundwater availability and 

environmental values are protected, consideration should be given to the declaration of a formal 

Groundwater Area under provisions of the Water Management Act 1999, and development of an 

integrated groundwater – surface water management program, potentially including  a formal water 

management plan. 

Development of a conjunctive management program will require an adaptive approach, as information 

on both groundwater behaviour and consumptive water use is limited. Provision of secure access to 

water resources is required, with regard to the need to modify overall extraction rates as new 

knowledge is received. The program will need to be specific to the unique nature of surface and 

groundwater systems in the syncline, taking into account the entire surface and groundwater catchment. 

Key elements of this program may include the following, as resources permit (discussed further in 
DPIPWE 2011b): 

 Assessment and review of current legislative and policy frameworks. Given that water users in 

Smithton Syncline extract a much higher proportion of groundwater than many other Tasmanian 

catchments, review of key legislative and policy documents should be undertaken in order to better 

support conjunctive management (e.g. the draft Water Allocation Policy, General Principles for 

Water Management Planning and potentially, aspects of the Water Management Act 1999); 

 Identification of key management issues and risks. A formal risk assessment should be 

undertaken for all aspects of the program. Sheldon (2011) provides various spatial indicators of risk 

associated with future groundwater, surface water and conjunctive allocation for Tasmania, indicating 

a high level of risk for further groundwater and connected water allocation in the Smithton Syncline, 

with various key areas highlighted (e.g Brittons Swamp, South Forest, Mella) These maps are 

provided in Appendix G.  It is likely that environmental risks associated with groundwater dependent 

ecosystems will also be significant, given the concentration of mound springs and the high level of 

connectivity between groundwater, springs, wetlands and river systems (and potentially estuaries). 

Many bores in the Mella area currently flow under artesian conditions, either seasonally or 

perennially. Provisions for management of these flows, in conjunction with assessment of further 

groundwater development potential and issues related to pasture drainage should be formally 

addressed in the risk assessment.  



Smithton Syncline Groundwater Management Area 

PAGE 116 

As groundwater from the Smithton and Black River Dolomite aquifers currently forms the major 

source for commercial use, and the area has been identified as a focus for significant future 

development of irrigated agriculture, it is likely that these risks will increase if not addressed through 

targeted management. As groundwater extraction is currently unregulated, development of an 

integrated approach to formalise groundwater management should be prioritised highly in order to 

address these risks. Additionally, protocols to ensure minimum standards of groundwater quality are 

required. Providing a formal register and assessment of these risks and likely outcomes, given a range 

of development scenarios, should be undertaken early in the planning process; 

 Development of clear objectives for management: A conjunctive water management program 

should contain clear objectives for management. The General Principles for Water Management 

Planning (Policy #2005/1) outline a standard format for water management plans in Tasmania. As 

suggested above, this should be reviewed in order to better accommodate groundwater and 

conjunctive management for the Smithton syncline, as it currently focuses on surface water 

allocation. Key areas for addition or review to support development of a conjunctive management 

program for the Smithton syncline include: 

o Delineation of conjunctive Water Management Units (WMU‟s), either surface catchment-

based or based on logical combinations of groundwater-surface water systems; 

o Definition of individual groundwater and surface water sources; 

o Delineation of water allocation zones within units (or, where multiple WMU‟s are linked to 

a single aquifer, rules for assessment of the connected source) ; 

o Development of risk-based zonation for well development within each WMU; 

o Provision of adaptive management processes for each WMU; 

o Development of target groundwater levels and/or pressures; 

o Development of target surface water flows (annual yield and seasonal/monthly cease-to-

take provisions); 

o Apportioning extractions between surface and groundwater sources; 

o Provisions for management of artesian flows; 

o Provisions for groundwater dependent ecosystems; 

 Technical assessment: This project has significantly advanced knowledge of the Duck River 

catchment and the groundwater systems associated with it. This may now be used to iteratively 

improve surface and groundwater models, and provide advice to support current management 

systems. Incorporating and improving knowledge may be achieved through: 

o Further development of information management systems: The Groundwater Information 

Management System (GWIMS) has been established at a level which can be used to record and 

support data relating to bore development. This includes parameters such as main aquifer 

geology, bore development records, stratigraphy, initial yields and salinity. Further 

improvements are required in order to record other groundwater features common in the 

area, including characteristics of springs and other natural features. All data collected during 

this project should be incorporated in relevant areas of the GWIMS database; 

o Further development of allocation tools. Currently the DPIPWE Water Allocation Tool (WAT) 

provides an assessment of the remaining water available for any segment of the surface stream 

network, at various sureties. Whilst this estimate takes into account existing groundwater use 

(as reflected by the influence of baseflows on gauged surface flows) there are some potential 

improvements required in order to effectively assist with groundwater allocations. These 

include: 
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 The tool does not necessarily take into account subsurface losses from 

associated surface catchments – either to adjoining surface catchments or (more 

commonly) to the sea; 

 The WAT is very insensitive to future groundwater development, as it is 

statistically based on current surface catchment yields. If future groundwater 

development is rapid (with contiguous impacts on baseflows) this may not be reflected 

in statistical assessments of gauged flows for many years, allowing the potential for 

double allocation and double accounting of water resources; 

 The WAT does not provide advice regarding either catchment-wide or 

locationally specific groundwater availability, as it is focussed on surface water sources. 

It is important to develop the WAT to enable assessment of groundwater availability. 

 In the absence of an improved WAT, with the capability to advise on 

groundwater availability, it will be necessary to develop a policy position which enables 

a „buffer‟ to be introduced to the WAT, within which a certain proportion of 

catchment yield should be specified for groundwater extraction. In the case of the 

Smithton syncline, this volume is likely to be greater than total surface water 

allocations. 

o Field investigations: Whilst this project has significantl;y increased our knowledge of 

conjunctive water resources in the syncline, further field investigations, measurement, 

classification and mapping of surface and groundwater resources are suggested, including: 

 Installation of additional paired monitoring bores (in the Quaternary and 

dolomite aquifers). Monitoring bores should be installed in the Edith Creek area and 

extend at least as far south as Donalds Road. This will ensure a widespread monitoring 

network, capable of monitoring the groundwater resource should further groundwater 

development occur. The paired bores should be situated in close proximity to streams 

to enable further monitoring and evaluation of connectivity to occur. Installation of 

bores at the likely groundwater divide between the Duck and Montagu Plains (in the 

vicinity of Terragomna Rd) should allow investigation of transfer between the Duck 

and Montagu compartments of the Smithton dolomite aquifer where they adjoin in the 

south of the study area. All new monitoring bores should have water level, 

conductivity and temperature recorders installed for continuous long term monitoring.  

 Additional monitoring should be considered to the north of Montagu Road to 

enable comparison of groundwater levels either side of the dykes compartmentalising 

the aquifer at Mella, and to provide early detection of seawater intrusion should it be 

occurring or begin to occur. These bores should be fitted with probes that can 

monitor both fluctuations in water levels and conductivity. 

 The groundwater use survey should be extended to include other aquifer units 

outside of the Smithton Dolomite and considered for potential inclusion into a 

groundwater management area. 

 Stream flow gauging should be extended to cover the streams that have been 

identified as not gaining, including Roger River, Spinks Creek and other streams south 

of the Duck River, to determine if they are potentially losing across the Duck River 

Valley. Initially, spot gauging at baseflow should be sufficient for this purpose.  

 Further gauging of major springs in the catchment should be undertaken, and 

permanent gauging stations established at key sites.   
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 A suitable form of remote sensing should be investigated to aid in the 

identification of spring discharge and help to determine their overall importance to the 

water balance. 

 The potential for production of natural acid-sulphate processes should be 

investigated further at Dismal Swamp. This may provide useful baseline information for 

land managers in both natural and modified systems with similar characteristics 

elsewhere. 

o Monitoring: Further development of monitoring systems is suggested, as outlined above. It is 

likely that metering of extractions will be required for all licensed allocations, in order to 

effectively assess extraction in relation to recharge and discharge of the aquifers. If a decision is 

taken to cap artesian bores, they may be fitted with pressure gauging equipment to enable the 

pressure of the artesian portion of the aquifer to be monitored;  

o Establishment of stream and aquifer robustness: Whilst the Tasmanian Environmental Flows 

Framework (TEFF) currently addresses the values, health and vulnerability of surface streams, 

it is suggested that this program be expanded to include groundwater dependent ecosystems, 

based on groundwater flux and quality. Appropriate guidelines are readily available for karst 

systems, including monitoring of cave systems, springs and wetlands as appropriate. The role of 

baseflows in maintaining riverine health should also be formally addressed; 

o Establishment of gaining and losing behaviour of streams and linked aquifers: This project 

provides significant additional information on gaining/losing behaviour of most streams in the 

Duck River catchment. Further similar investigation of the behaviour of the Montagu and 

Welcome Rivers, and their tributaries would support development of prescriptions for the 

entire syncline area; 

o Assessment of lake/wetland/estuary/aquifer connections; As discussed above, important 

groundwater connections with lakes, wetlands and springs outside the Duck catchment has 

been demonstrated, or is likely. There is also a high likelihood that the Duck River Estuary and 

Duck Bay are directly fed by significant groundwater discharge – reconnaissance investigation 

of these linkages is warranted; 

o Timing of groundwater and surface water fluxes; This project has demonstrated a high 

variability in groundwater flow paths and fluxes, ranging from rapid, shallow systems to much 

longer, deeper flowpaths interacting with mantle-derived gas sources. All of these systems 

interact to some degree, and require integration in order to develop rules for future 

groundwater allocation with regard to surface flows. The use of radon and CFC 

concentrations to assess groundwater discharge and date fluxes has proven a useful technique 

in the karstic environment of the Duck catchment, and should also be considered in the 

Montagu and Welcome catchments; 

o Establishment of whole of catchment water balances and conjunctive modelling (recharge - 

dispersed, linear and point; runoff; groundwater and surface water flux; connectivity; baseflow 

generation; and subsurface losses to sea or neighbouring catchments); This project has significantly 

improved our capacity to develop a whole of catchment water balance for the Duck River. As 

discussed above, data and the interpretation from this report should be used to further 

develop or redevelop the existing numerical groundwater model to produce a coupled 

groundwater-surface water model that can be used as the basis for allocation of future water 

licences. The model should ultimately be extended to incorporate remaining catchments in the 

syncline; 
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 Current/historical water use surveys: A comprehensive water use survey has been conducted 

for the Duck River Plains (DPIPWE 2011a), identifying current commercial users and extraction 

levels. Groundwater abstraction during dry years was estimated to be approximately 6100 ML/yr. 

This figure is about 10% of the estimated recharge and provides a starting point for formal 

assessment of sustainable yields and associated provisions for licensing and allocation. This survey will 

need to be extended to other catchments within the syncline. Further assessment is also required to 

quantify non-commercial (stock and domestic) and non-consumptive use, as well as an estimate of 

environmental requirements (see above). 

 Development of options for management, and assessment of future use scenarios (in the light of 

climate change scenarios and demand for groundwater and surface water); Development of likely 

scenarios for future development of water resources is a critical element of planning, as it provides a 

suite of options for public consultation and development of a vision for water management in the 

catchment. It is suggested that a range of scenarios are discussed with relevant stakeholders in the 

initial phase of consultation when developing a water management program, with preferred scenarios 

“backcasted” (e.g. Gleeson et al. 2012) to set initial goals for adaptive management of water 

extraction. Information requirements need to be delineated (as outlined above).  

Prioritising these goals allows management provisions to be developed which help determine 

acceptable levels of extraction for all water sources. Sheldon (2011) provides an initial assessment of 

risks associated with various levels of groundwater and conjunctive development across the syncline, 

given various proportions of groundwater extraction to recharge, and surface water extraction to 

runoff. These ratios are also assessed in the context of the general connected behaviour of water 

resources, providing a range of options to underpin initial assessment of sustainable groundwater and 

surface water extraction. As better field evidence is collected for specific areas within the syncline, 

these estimates may be adaptively modified to suit individual flow systems and development 

scenarios; 

 Environmental, social and economic impact assessment; An appropriate, triple bottom line 

assessment of the impacts of water development should underpin the planning process, potentially 

supported by a cost-benefit analysis where applicable; 

 Development of user provisions: Currently groundwater use is not formally licensed or 

allocated in Tasmania (although the recently gazetted Sassafras-Wesley Vale Water Management Plan 

requires this to be undertaken). It is suggested that rules adopted for conjunctive licensing and 

allocation at S-WV be adapted as necessary for Smithton, recognising that the majority of water to 

be allocated will come from groundwater sources. In addition to current standard surface water 

provisions, these rules should address: 

o Where multiple WMU‟s connect to a single aquifer or groundwater source, development 

of rules to equitably divide that source between users in adjacent WMU‟s; 

o Development of appropriate water trading provisions between surface water sources, 

groundwater sources and, if appropriate between groundwater and surface water sources; 

 Implementation: The capacity and resources to implement provisions of the program should 

be a key factor in assessing the effort required for planning. Recommendations provided here should 

be assessed in this light, prioritised and introduced as practically possible given available resources for 

development and implementation. Key themes include: 

o Appropriate timescale for introduction of key attributes of Water Management Plans; 

o Compliance and enforcement provisions; 

o Resourcing provisions. 
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 Evaluation of the appropriateness and success of the program; Formal review of the conjunctive 

program should be undertaken after an agreed interval, following receipt of new knowledge, or if 

circumstances of use change. This relates particularly to:  
o assessment of sustainable/acceptable extraction levels;  

o protection of environmental values;  

o improved modelling; or  

o assessment of significant development proposals. 

 Iteration of the process (feed-back to the key components listed above, re-assessment, further 

development and modification where necessary). 

 Integration with holistic catchment management programs. Integration of water management 

planning with broader land-use management is very important in the Smithton syncline. Issues 

include: 
o Increased extraction of groundwater may potentially be counterbalanced by capping 

artesian bores. This may have additional environmental benefits if rehabilitation of mound 

spring ecosystems is desired. These options will need to be carefully assessed given potential 

effects on drainage systems, as waterlogging may potentially emerge as an issue if bores are 

capped indiscriminately; 

o Springs, wetlands and other important GDE‟s, particularly, should be assessed and managed 

appropriately, in the context of surrounding land uses. For example, mound springs that have 

been identified as having a high conservation value should be fenced and protected as far as is 

practical. 
o Impacts of groundwater development on potentially linked estuarine systems (Duck River 

and Duck Bay) will require assessment, both to protect environmental values and aquaculture 

industries relying on acceptable flows and water quality. 
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Appendix A  

Threatened water dependent species list for the Duck catchment (CFEV, DPIPWE 2011).   

 

Species Name Common Name TAS EPBC 

FLORA 

Amphibromus neesii southern swampgrass r 

 Australina pusilla shade nettle r 

 Carex gaudichaudiana sedge 

  Cyathea cunninghamii slender tree fern e 

 Epilobium pallidiflorum showy willowherb r 

 Hypolepis distans scrambling ground fern e EN 

Limonium australe yellow sea-lavender r 

 Pneumatopteris pennigera lime fern e 

 Pterostylis falcata sickle greenhood r 

 Thelymitra holmesii bluestar sun-orchid r 

 FAUNA 

Birds 

Haliaeetus leucogaster white-bellied sea-eagle v 

 Neophema chrysogaster orange-bellied parrot e CR 

Sterna caspia caspian tern 

  Sterna nereis subsp. nereis fairy tern v Vul 

Amphibians 

Limnodynastes peroni striped marsh frog e 

 Invertebrates 

Astacopsis gouldi giant freshwater crayfish v Vul 

Beddomeia topsiae Hydrobiid Snail (Williamson Creek) r 

 Beddomeia wiseae Hydrobiid Snail (Blizzards Creek) v 

 Fish 

Lovettia sealii whitebait 

  Prototroctes maraena Australian grayling v Vul 
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Appendix B  

Tasmania mound spring inventory datasheet 
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Appendix C  

Water chemistry results 

Dismal Swamp water sample chemistry results 

Sample ID Geology Date and Time Easting 
Northin

g 
Elev pH Temp EC TDS Ca   Mg   Al   Na   K   Cl   F   SO4   CO3 

HCO

3 

DISMAL SWAMP 

SINKHOLE   3/09/2010 11:00 317036 5464297 36.3 4.9 8.6 329 196 1.98 5.74 491 43.3 1.85 83.4 0.05 13.5 <2 <2 

DISMAL SWAMP 

SINKHOLE   20/01/2011 17:30 317036 5464297 36.3 5.4 15.1 268 207 2.76 4.92 965 34.4 4.3 62.3 0.01 9.8 <2 63.44 

DISMAL SWAMP 

SINKHOLE   5/07/2011 15:30 317036 5464297 36.3 5.4 9.5 276 221 2.82 5.54 844 34.1 3.01 67.7 <0.5 7.5 <2 3.66 

DISMAL SWAMP 

OUTLET   21/01/2011 9:15 317020 5462509 38.6 5 15 300 331 4.91 6.74 2160 38.1 3.36 70.4 0.02 1 <2 58.56 

DISMAL SWAMP 

INLET   5/05/2011 12:45 316849 5464711 43.24 6.4 10.3 318 315 5.37 6.07 885 39.1 6.13 71.8 <0.01 0.5 <2 20.74 

DISMAL DEEP BORE 

 Keppel 

Crk Fm 19/05/2011 12:30 318758 5463697 80.94 7.1 

 

625 339 13 13.6 <5 66.5 1.6 144 <0.05 9.6 <2 74.42 

DISMAL SOUTH 

BORE   19/05/2011 15:45 319328 5460700 42.06 5.6 13.7 334 207 3.65 6.15 156 39.9 0.91 89.7 <0.05 5.6 <2 7.32 

DISMAL WEST 

BORE   19/05/2011 14:20 317034 5462554 42.9 6.4 

 

396 228 8.69 9 <5 44.1 2.1 64.7 0.19 18.2 <2 97.6 
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Sample ID 
NH3 NO2 NO3   As  B  Ba  Br Co  Cr  Cu  Fe  Mn  Mo  Ni  P  Pb  Si Sr  U  V  Zn  Zr  

Alk 

HCO3 

P_ 

Diss 

DISMAL 

SWAMP 

SINKHOLE 

0.052 <0.002 0.014 <1  16 0.1 1.6 10 3 415 14.5 <0.5 4.2 0.003 <0.5      4 <2  

DISMAL 

SWAMP 

SINKHOLE 

0.36 0.006 <0.002 1 55 18 0.2 1.9 12 6 2150 57.4 <0.5 6.7 0.009 0.5 6.3 33   5  52  

DISMAL 

SWAMP 

SINKHOLE 

0.273 0.008 0.052 <1 30 16 <0.5 1.9 12 6 2160 45 <0.5 7.7 <0.002 <0.5 5.7 34 <0.1 <2 5  3 <50 

DISMAL 

SWAMP 

OUTLET 

0.525 0.015 <0.002 2 39 18 0.5 4.5 31 15 14500 110 <0.5 15 0.023 0.6 11.8 48  15 13  48  

DISMAL 

SWAMP 

INLET 

1.62 0.027 <0.002 2 40 19 0.2 1.2 12 3 6110 63.1 <0.5 13.3 0.017 0.5 4 40 0.1 <2 7  17  

DISMAL 

DEEP BORE 

<0.002 <0.002 0.122 <1 29 28 0.5 <0.5 1 4 <20 7.5 <0.5 5.6 0.023 <0.5 32.2 74 <0.1 <2 6  61 <50 

DISMAL 

SOUTH 

BORE 

0.066 <0.002 0.003 <1 30 4 0.6 0.5 3 1 91 6.9 <0.5 2.2 <0.002 1.4 4.1 36 <0.1 <2 8  6 <50 

DISMAL 

WEST BORE 

<0.002 <0.002 <0.002 <1 30 34 0.2 15.3 <1 2 <20 646 <0.5 58.2 0.005 <0.5 18.2 43 <0.1 <2 6  80 <50 
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Smithton mound spring water sample chemistry results. 

Sample ID Geology 
Date and 

Time 
Easting Northing Elev. pH Temp EC TDS Ca   Mg   Al   Na   K   Cl   F   SO4   CO3 

HC

O3 

Innes-Smith Mound 

Spring 

Smithton 

Dolomite 

31/05/2011 

14:30 336748 5465142 15 6.8 13.4 777 461 104 33.3 <5 29 1.52 47.7 0.08 1.7 6 

456.

3 

The Springs Mound 

Spring 

Rocky Cape 

Group 

31/05/2011 

11:15 345113 5478910 7 5.9 18.3 1930 1110 191 120 <5 90.3 7.62 168 0.27 11.3 10 1055 

Railway East Mound 

Spring 

Black River 

Dolomite, under 

limestone 

1/06/2011 

10:30 342901 5474588 

23.7

1 6.1 18.9 3110 1410 279 190 <5 44.6 8.61 46.1 0.45 7.5 21 1684 

J.Edwards Mound 

Spring 

Smithton 

Dolomite 

2/06/2011 

16:30 337327 5475955 15 7.1 17.3 863 475 106 32.7 <5 37.5 2.86 51.4 0.11 4.3 5 

478.

2 

Lacrum Mound Spring 

Smithton 

Dolomite 

2/06/2011 

11:00 336024 5476898 15.5 7 18.3 868 479 105 33.4 <5 39.2 3.41 51.2 0.1 5 5 

478.

2 

Limestone Quarry 

Mound Spring 

Black River 

Dolomite, under 

limestone 

1/06/2011 

13:30 343413 5472994 32 6.5 17.6 1410 825 169 96.4 <5 27.7 1.68 36.4 0.2 8.4 9 

950.

4 

Devil Spring 

Black River 

Dolomite 

31/08/2010 

16:45 341689 5467726 

34.6

7 6.3 22 2000 1240 248 145 78 21.7 4.1 32.4 1.6 7.9 5 1476 
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Sample ID NH3 NO2 NO3   As  B  Ba  Br Co  Cr  Cu  Fe  Mn  Mo  Ni  P  Pb  Si Sr  U  V  Zn  Zr 
Alkalinity 

HCO3 

P_ 

Diss 

Innes-Smith 

Mound Spring 

0.08

8 

<0.0

02 

0.00

2 <1 29 23 <0.5 <0.5 <1 <1 36 62.2 <0.5 <0.5 <0.002 <0.5 10.8 83 <0.1 <2 <1 

 

374 <50 

The Springs 

Mound Spring 

0.13

7 

<0.0

02 

0.00

2 <1 97 176 <0.5 4.2 <1 1 38 340 <0.5 58.3 <0.002 <0.5 17.4 308 <0.1 <2 48 

 

865 <50 

Railway East 

Mound Spring 

<0.0

02 

<0.0

02 

<0.0

02 <1 82 280 <0.5 10.9 <1 2 43 249 2 81.5 <0.002 <0.5 20.2 270 0.4 <2 82 

 

1380 <50 

J.Edwards 

Mound Spring 

0.08

2 

<0.0

02 

0.00

3 2 65 26 <0.5 <0.5 <1 <1 57 98.7 <0.5 <0.5 <0.002 <0.5 13 105 <0.1 <2 <1 

 

392 <50 

Lacrum 

Mound Spring 

0.08

7 

<0.0

02 

0.00

5 2 70 26 <0.5 <0.5 <1 <1 24 99.4 <0.5 <0.5 <0.002 <0.5 12.3 108 <0.1 <2 2 

 

392 <50 

Limestone 

Quarry 

Mound Spring 

<0.0

02 

<0.0

02 1.06 <1 36 55 <0.5 <0.5 <1 1 21 <0.5 <0.5 4 0.006 <0.5 11.9 105 0.4 <2 19 

 

779 <50 

Devil Spring 

0.02

2 

<0.0

02 

0.00

3 19 

 

557 <0.5 7.1 25 2 7040 963 <0.5 17.1 <0.002 <0.5 

     

7 1210 
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Smithton Spring Water Chemistry Results 

Spring Sample 

Date 

Eas

ting 

Nort

hing 

Elevati

on 

p

H 

Te

mp 

EC 

(μS/c

m) 

T

D

S 

Ca 

(mg

/L) 

Mg 

(mg/

L)  

Na 

(mg/

L)   

K 

(mg

/L)  

Cl 

(mg

/L)   

F 

(mg

/L)   

SO4 

(mg/

L)  

CO3 

(mg/

L) 

HCO

3 

(mg/

L) 

Alkalinit

y 

NH

3 

mg/

L 

NO

3 

mg/

L 

B 

μg

/L 

Ba 

(μg/

L) 

 Cr 

μg/

L 

M

n 

μg

/L 

P 

μg/

L 

Zr 

μg/
L 

Duck 

River 

Spring 

26/05/2

010 9:00 

337

523 

5458

734 37.2 

7.

5 13.2 498 

29

3 57.3 35.4 19.5 

1.1

5 

26.

8 

0.1

1 10.1 4 278.4 232   

0.5

66 

0.

1 56 3   

0.0

07 3 

White 

Water 

Creek 

Spring 

26/05/2

010 

11:20 

337

785 

5459

557 37 

7.

8 13.3 493 

27

4 71.1 42.6 19.2 

1.1

1 27 

0.0

6 6.4 5 270 225 

0.0

03 

0.6

72 

0.

1 55 4 

1.

6 

0.0

14 3 

Birthday 

Creek 

Spring 

25/05/2

010 

13:20 

338

954 

5461

156 37.6 

7.

5 13.2 584 

32

8 54.9 31.7 16.3 

0.9

7 28 

0.1

1 9.6 5 328.8 274 

0.0

17 

0.6

45 

0.

1 23 3 

0.

8 

0.0

07 3 

 

 

Groundwater Bore Water Chemistry Results 

Bore ID Geology 
Sample 
Date Easting Northing pH 

Te
mp 

EC 
(µS/
cm) 

TD

S 
(mg
/L) 

Ca 
(mg
/L) 

Mg 
(mg
/L) 

Na 
(mg
/L) 

K 
(mg
/L) 

Cl 
(mg
/L) 

SO

4 
(mg
/L) 

HC

O3 
(mg
/L) 

Alk
alini

ty 
(mg
/L) 

Al 
(µg/
L) 

Br 
(mg
/L) 

F 
(mg
/L) 

CO

3 
(mg
/L) 

NH

3 
(mg
/L) 

NO

2 
(mg
/L) 

NO

3 
(mg
/L) 

P 
(µg/
L) 

Al 
(µg/
L) 

As 
(µg/
L) 

B 
(µg/
L) 

 

40408 

Black 

River 
Dolomite 

20/05/20
10 338915 5460998 7.7 

10.
6 491 277 

40.
8 

23.
9 

14.
8 

0.7
7 

27.
5 8.8 

268
.8 224   0.1 0.1 2     

0.9
46         

 

31476 

Smithton 

Dolomite 

21/05/20

10 338784 5463939 7.2 

12.

1 804 511 

72.

9 

46.

2 

27.

1 

1.6

9 

56.

4 

81.

4 384 320   0.2 

0.1

1 6     

0.0

1       25 

 

16591 

Smithton 

Dolomite 

21/05/20

10 338843 5463641 7.5 

11.

7 587 326 

53.

8 

29.

6 

17.

8 

1.1

9 

38.

3 

12.

6 

307

.2 256   0.1 

0.1

3 6 

0.0

59 

0.0

12 

0.1

32       22 
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Bore ID Geology 
Sample 
Date Easting Northing pH 

Te
mp 

EC 
(µS/
cm) 

TD
S 
(mg
/L) 

Ca 
(mg
/L) 

Mg 
(mg
/L) 

Na 
(mg
/L) 

K 
(mg
/L) 

Cl 
(mg
/L) 

SO
4 
(mg
/L) 

HC
O3 
(mg
/L) 

Alk

alini
ty 
(mg
/L) 

Al 
(µg/
L) 

Br 
(mg
/L) 

F 
(mg
/L) 

CO
3 
(mg
/L) 

NH
3 
(mg
/L) 

NO
2 
(mg
/L) 

NO
3 
(mg
/L) 

P 
(µg/
L) 

Al 
(µg/
L) 

As 
(µg/
L) 

B 
(µg/
L) 

 

M1 
Smithton 
Dolomite 

23/05/20
10 336036 5477649 7.2 

11.
9 

138
0 936 152 

46.
9 

69.
7 

7.7
9 168 173 474 395   0.4 

0.1
1 5 

0.1
37 

0.0
05 

0.0
04       73 

 M1 

Shallow 

Quaterna

ry 

18/05/20

11 336032 5477652 7.2   

152

0 

109

0 192 

53.

5 50 

7.7

5 143 312 

409

.2 341 <5 0.4 

0.4

4 3 

0.1

72 

<0.

002 

<0.

002     <1 81 

 

M2 

Smithton 

Dolomite 

23/05/20

10 335567 5473779 7.3 

13.

8 808 488 

94.

8 27 

28.

6 1.9 

54.

2 4.7 

451

.2 376   0.2 0.1 4 

0.0

52 

0.0

25 

0.0

28     2 32 

 M2 
Shallow 

Quaterna
ry 

18/05/20
11 335566 5473777 7.2   

152
0 614 

29.
5 

32.
5 

46.
4 

9.9
4 104 201 

28.
8 24 735 0.2 

0.1
1   

4.0
1 

0.0
02 

<0.
002     3 45 

 

M3 

Keppel 
Creek 
Fm 

23/05/20
10 340873 5475215 7.7 

12.
8 613 394 

4.1
8 

1.9
5 118 

6.6
4 

23.
6 4.6 318 265   0.1 

0.4
7 6 

0.1
03 

0.0
08 

0.0
11 

197
0 27 5 254 

 

M4 
Smithton 
Dolomite 

23/05/20
10 339959 5469994 7.1 

11.
9 679 422 

45.
7 

27.
8 

44.
8 

3.7
1 

53.
8 

16.
8 

320
.4 267   0.2 

0.2
8 3 

0.4
32 

0.0
03   52 10 1 59 

 Monquill
_1 

Smithton 
Dolomite 

21/05/20
10 339021 5470038 7 

12.
2 655 439 

58.
6 

30.
5 

27.
4 

1.5
7 

54.
1 

21.
6 

309
.6 258   0.1 

0.0
4 5 

0.1
56 

0.0
02   84 14   20 

 

NI_S1 

Smithton 

Dolomite 

21/05/20

10 336814 5464607 6.8 

12.

1 772 461 

91.

4 

26.

3 24 

1.4

4 

50.

2 4.5 

446

.4 372   0.2 0.1 6 

0.0

85         1 24 

 

14874 

Smithton 

Dolomite 

19/05/20

10 331915 5453820 7.4 

11.

7 432 276 

31.

7 

19.

1 

16.

2 

3.8

1 

34.

2 

36.

7 

163

.2 136   0.1 

0.0

1       

0.2

2   19   26 

 

14875 
Smithton 
Dolomite 

19/05/20
10 332089 5454376 7.4 

11.
3 534 302 50 26 

16.
2 

0.8
7 

31.
7 

10.
5 

291
.6 243   0.1   2 

0.0
55 

0.0
15 

0.2
66       20 

 

14872 
Smithton 
Dolomite 

19/05/20
10 332512 5453831 7.2 

11.
1 478 263 

36.
6 

22.
7 

20.
7 

0.8
9 

38.
4 5.8 

232
.8 194   0.2     

0.1
31 

0.0
34 

0.2
31         

 Cunningh
am_2 

Smithton 
Dolomite 

24/05/20
11 11:20 336493 5479210 7.3   

481
0 

199
0 153 

76.
3 366 

38.
2 898 

78.
2 

428
.4 357 <5 2.8 

0.1
3 5 

0.7
48 

<0.
002 

0.0
19     2 149 

 

31422 

Scopus 

Fm 

23/05/20

11 17:00 334291 5480859 6.4   

143

0 955 

61.

4 

42.

8 117 

30.

1 292 

<0.

5 330 275 28 0.8 

0.0

5 3 

0.5

41 

0.0

03 

<0.

002     1 145 

 Archie_

May_11 

Smithton 

Dolomite 

24/05/20

11 17:00 337863 5478960 6.7   

385

0 

189

0 205 

70.

2 267 

4.7

3 652 

58.

8 

499

.2 416 28 2 

<0.

10 4 

0.5

98 

0.0

02 

<0.

002     2 75 

 
Cunningh Smithton 24/05/20

335682 5479210 7.6   
307 145 28. 20.

465 
17.

325 149 
616

514 70 1.2 
<0.

12 
0.1 0.0 0.0

    1 225 
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Bore ID Geology 
Sample 
Date Easting Northing pH 

Te
mp 

EC 
(µS/
cm) 

TD
S 
(mg
/L) 

Ca 
(mg
/L) 

Mg 
(mg
/L) 

Na 
(mg
/L) 

K 
(mg
/L) 

Cl 
(mg
/L) 

SO
4 
(mg
/L) 

HC
O3 
(mg
/L) 

Alk

alini
ty 
(mg
/L) 

Al 
(µg/
L) 

Br 
(mg
/L) 

F 
(mg
/L) 

CO
3 
(mg
/L) 

NH
3 
(mg
/L) 

NO
2 
(mg
/L) 

NO
3 
(mg
/L) 

P 
(µg/
L) 

Al 
(µg/
L) 

As 
(µg/
L) 

B 
(µg/
L) 

 am_1 Dolomite 11 9:45 0 0 2 9 2 .8 10 91 04 32 

Innes-
Smith 

Smithton 
Dolomite 

25/05/20
11 9:30 336935 5468373 6.9   721 432 

72.
1 

34.
6 

29.
3 

1.1
9 54 

<0.
5 366 305 9 

<0.
5 

0.0
6 4 

0.2
58 

<0.
002 

<0.
002     <1 <20 

 

40664 
Smithton 
Dolomite 

24/05/20
11 14:50 337238 5477656 6.9   

296
0 

145
0 292 

48.
4 

71.
9 

36.
9 291 453 366 305 8 

<0.
5 0.2 3 

1.7
9 

<0.
002 

<0.
002     <1 129 

 

40182 
Smithton 
Dolomite 

25/05/20
11 14:30 337162 5462031 6.3   396 218 

28.
2 

18.
5 

21.
4 

1.3
9 

42.
3 1.5 

160
.8 134 <5 

<0.
5 

0.0
5 <2 

0.1
55 

<0.
002 

<0.
002     <1 <20 

 

Montagu 

Scopus 

Fm 

23/05/20

11 14:00 333626 5481089 5.9   

104

0 701 42 

55.

1 

74.

6 

5.9

7 98 354 48 40 270 

<0.

5 

0.4

1 <2 

0.1

62 

<0.

002 

0.1

39     <1 44 

 

40361 

Smithton 

Dolomite 

25/05/20

11 11:34 336191 5462410 7   700 392 

69.

8 39 

24.

8 

1.1

1 

41.

3 4.2 

379

.2 316 <5 

<0.

5 0.1 5 

0.0

91 

<0.

002 

<0.

002     2 <20 

 

VDL2 
Quaterna
ry 

18/05/20
11 335297 5461867 6.4   396 277 

40.
1 

19.
6 

11.
3 

0.9
9 

24.
2 

16.
8 

217
.2 181 <5 

<0.
1 

0.1
5   

0.4
19 

<0.
002 

<0.
002     1 <20 

  

Bore ID Geology 

Sample 

Date Easting Northing 

Ba 

(µg/L) 

Co 

(µg/L) 

Cr 

(µg/L) 

Cu 

(µg/L) 

Fe 

(µg/L) 

Mn 

(µg/L) 

Mo 

(µg/L) 

Ni 

(µg/L) P (µg/L) 

Pb 

(µg/L) Sr (µg/L) U (µg/L) V (µg/L) 

Zn 

(µg/L) 

          

40408 

Black 
River 

Dolomite 

20/05/20

10 338915 5460998 25   2     3.2     0.009   51     35 

          

31476 

Smithton 

Dolomite 

21/05/20

10 338784 5463939 18 39.9 1 1   481   122     64 0.8   9 

          

16591 
Smithton 
Dolomite 

21/05/20
10 338843 5463641 9 1.6 1     182   2.7 0.003   38 1.4   1 

          

M1 
Smithton 
Dolomite 

23/05/20
10 336036 5477649 72   4     152   0.6 0.004   473     3 

          M1 
Shallow 

Quaterna
ry 

18/05/20
11 336032 5477652 6 0.6 <1 1 <20 205 0.9 2.3 <50 <0.5 593 0.1 <2 2 

          

M2 

Smithton 

Dolomite 

23/05/20

10 335567 5473779 24 2.7 3   167 89.4   1.9 0.003   107 0.3   3 
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Bore ID Geology 

Sample 

Date Easting Northing 

Ba 

(µg/L) 

Co 

(µg/L) 

Cr 

(µg/L) 

Cu 

(µg/L) 

Fe 

(µg/L) 

Mn 

(µg/L) 

Mo 

(µg/L) 

Ni 

(µg/L) P (µg/L) 

Pb 

(µg/L) Sr (µg/L) U (µg/L) V (µg/L) 

Zn 

(µg/L) 

          M2 
Shallow 

Quaterna
ry 

18/05/20
11 335566 5473777 60 0.6 10 <1 6320 61.4 <0.5 2.9 70 <0.5 250 0.3 7 3 

          

M3 

Keppel 
Creek 
Fm 

23/05/20
10 340873 5475215 6   2   79     5.3 1.77   15   10   

          

M4 
Smithton 
Dolomite 

23/05/20
10 339959 5469994 19   8   8380 69.4   6.5 0.005   132   4 7 

          Monquill
_1 

Smithton 
Dolomite 

21/05/20
10 339021 5470038 14 0.5 4   5120 98.4   0.6 0.013   35   5 10 

 

         

NI_S1 
Smithton 
Dolomite 

21/05/20
10 336814 5464607 20   3     108     0.003   75     2 

          

14874 

Smithton 

Dolomite 

19/05/20

10 331915 5453820 16 18.4 2 4 61 89.4   10.3 0.003   47 0.3   7 

          

14875 
Smithton 
Dolomite 

19/05/20
10 332089 5454376 11 0.6       78.2   0.6 0.002   37 0.3   1 

          

14872 

Smithton 

Dolomite 

19/05/20

10 332512 5453831 8 1.4       124   1.3     29     3 

          Cunningh
am_2 

Smithton 
Dolomite 

24/05/20
11 11:20 336493 5479210 239 <0.5 <1 1 176 853 <0.5 0.8 <50 <0.5 1200 0.2 <2 9 

          

31422 

Scopus 

Fm 

23/05/20

11 17:00 334291 5480859 8140 <0.5 6 3 14300 271 <0.5 <0.5 304 <0.5 906 0.1 11 5 

          Archie_

May_11 

Smithton 

Dolomite 

24/05/20

11 17:00 337863 5478960 38 <0.5 6 1 526 200 <0.5 0.8 <50 <0.5 927 0.2 <2 4 

          Cunningh
am_1 

Smithton 
Dolomite 

24/05/20
11 9:45 335682 5479210 169 0.8 13 1 888 319 <0.5 8.3 <50 0.6 187 0.2 6 5 

          Innes-

Smith 

Smithton 

Dolomite 

25/05/20

11 9:30 336935 5468373 12 <0.5 2 <1 2260 77.3 <0.5 0.6 <50 <0.5 50 <0.1 <2 5 

          

40664 
Smithton 
Dolomite 

24/05/20
11 14:50 337238 5477656 150 <0.5 <1 7 23 2470 <0.5 1.6 <50 <0.5 1550 0.3 <2 3 

          

40182 

Smithton 

Dolomite 

25/05/20

11 14:30 337162 5462031 3 1.3 <1 <1 108 342 <0.5 7 <50 <0.5 19 <0.1 <2 1 

          

Montagu 
Scopus 
Fm 

23/05/20
11 14:00 333626 5481089 51 203 <1 56 <20 2310 <0.5 359 <50 <0.5 263 0.2 <2 787 
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Bore ID Geology 

Sample 

Date Easting Northing 

Ba 

(µg/L) 

Co 

(µg/L) 

Cr 

(µg/L) 

Cu 

(µg/L) 

Fe 

(µg/L) 

Mn 

(µg/L) 

Mo 

(µg/L) 

Ni 

(µg/L) P (µg/L) 

Pb 

(µg/L) Sr (µg/L) U (µg/L) V (µg/L) 

Zn 

(µg/L) 

          

40361 
Smithton 
Dolomite 

25/05/20
11 11:34 336191 5462410 37 0.7 <1 <1 <20 88.4 <0.5 2.4 <50 <0.5 58 <0.1 <2 2 

          

VDL2 
Quaterna
ry 

18/05/20
11 335297 5461867 13 13.6 <1 2 <20 137 <0.5 22.7 <50 <0.5 44 0.4 2 8 
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Appendix D  

Surface water reconnaissance chemistry results 

Surface Water 
Feature Date Easting Northing pH EC Temp 

Allens Rivulet 31/01/2010 346798 5465134 7.52 199.2 16.1 

Allens Rivulet 31/01/2010 340209 5465228 7.29 204 19.6 

Arthur_River 28/01/2010 326413 5448150 6.83 216 18.4 

Arthur_River 28/01/2010 330758 5446512 7.39 134.2 18.6 

Birthday Creek 30/01/2010 337807 5463982 8.26 499 18.5 

Copper Creek 30/01/2010 340814 5467857 7.67 938 18.5 

Copper Creek 30/01/2010 342529 5467949 7.09 758 15.6 

Copper Creek Trib 30/01/2010 342042 5466845 6.95 252 16.8 

Copper Creek 27/05/2010 345101 5467984 7.73 109 9.7 

Copper Creek 27/05/2010 343858 5467843 7.11 153 9.5 

Copper Creek 27/05/2010 342529 5467949 6.75 729 12.4 

Copper Creek 30/08/2010 341778 5467813 6.96 549 12.8 

Devil Spring 30/08/2010 341693 5467726 6.10 2010 22 

Coventry Creek 31/01/2010 341328 5475298 8.05 1414 20.6 

Coventry Creek 1/09/2010 344986 5472400 6.77 350 10.5 

Coventry Creek Trib 1/09/2010 343537 5471236 6.45 140 11.1 

Coventry Creek 1/09/2010 341324 5475307 7.53 413 11.1 

Duck River 28/01/2010 337476 545801 7.55 551 14.6 

Duck River 28/01/2010 335656 5459653 8.02 576 16.2 

Duck River 28/01/2010 342150 5458106 7.73 278 14.8 

Duck River 28/01/2010 341757 5458826 7.31 294 15.6 

Duck River 28/01/2010 341685 5458878 7.65 292 15.3 

Duck River 29/01/2010 338183 5458666 7.57 229 14.2 

Duck River 29/01/2010 334462 5460254 8.12 408 16.7 

Duck River 29/01/2010 335332 5461906 8.04 399 16.4 

Duck River 29/01/2010 337250 5464307 8.04 480 18.9 

Duck River 29/01/2010 337576 5458713 7.57 221 16.2 

Duck River 29/01/2010 337466 5458794   553 14.4 
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Duck River 29/01/2010 337433 5458817 7.4 537 14.8 

Duck River 31/01/2010 339088 5468564 7.94 546 19 

Duck River 31/01/2010 340071 5469889 7.64 546 19 

Duck River 31/01/2010 341379 5474304 7.98 528 20.3 

Duck River 31/01/2010 340794 5475124 8.07 883 22.6 

Duck River 30/01/2010 334475 5460189 8.16 564 15.5 

Duck River 31/08/2010 337432 5458823 6.9 191 8.1 

Duck River 31/08/2010 337619 5458597 7.27 148 7.8 

Duck River 1/09/2010 340789 5475123 7.26 272 10.4 

Duck River Spring 31/08/2010 337523 5458734 7.1 638 13.2 

Edith Creek 30/01/2010 343204 5461886 7.29 139.5 20.3 

Edith Creek 30/01/2010 343861 5461886 7.39 151.7 21 

Edith Creek 30/01/2010 339837 5463322 7.72 191.3 17.8 

Edith Creek 30/01/2010 340347 5463177 7.64 185.2 20.2 

Edith Creek 30/01/2010 338927 5463854 9.76 220 24.1 

Ekberg Creek 28/01/2010 331363 5450079 6.81 174.7 13.2 

Geales Creek 31/01/2010 340544 5473111 7.78 777 19.9 

Montagu 28/01/2010 332398 5451455 7.25 178 14.2 

Montagu 28/01/2010 332214 5451567 6.91 177.7 14.1 

Montagu 17/02/2011 331109 5453483   201   

Montagu 17/02/2011 332214 5451567   191   

Roger River 28/01/2010 333248 5454137 6.48 162.3 15.2 

Roger River 30/01/2010 334442 5460179 7.47 165.9 15.5 

Spinks Creek 28/01/2010 333966 5455834 7.31 153.4 18.6 

Stephens_Rivulet 28/01/2010 328619 5447145 6.92 164 13.7 

Unknown 31/01/2010 338042 5476388 8.1 883 22.6 

Unkown 28/01/2010 329677 5450604 7.25 174.6 14.1 

Unkown 29/01/2010 337689 5459570 7.47 748 13.7 

Unkown 29/01/2010 338948 5461204 7.72 606 15.4 

White Water Creek 29/01/2010 336314 5461743 8.35 732 17.1 

White Water Creek 25/05/2010 337680 5459551 6.79 378 10.6 

White Water Creek 25/05/2010 337806 5459554 6.43 638 11.9 

Williamson Creek 28/01/2010 335623 5456995 7.09 192.8 14.1 

Mill Creek 2/09/2010 332527 5460610 6.76 175 7.5 

Mill Creek 2/09/2010 331707 5458326 6.86 169 7.5 

Mill Creek 2/09/2010 333253 5460656 6.82 183 7.9 
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Mill Creek 2/09/2010 333379 5460666 6.95 181 8 

Plains Creek 2/09/2010 333022 5466926 6.6 232 7.8 

Plains Creek 2/09/2010 337007 5468451 6.57 230 8.2 

Geales Creek 2/09/2010 334939 5472468 7.1 234 9.4 

Geales Creek 2/09/2010 339424 5472964 6.51 518 10.8 

Copper Creek 15/03/2011 340848 5467849 7.57 874 16.0 

Copper Creek 15/03/2011 341088 5467654 7.48 879 16.1 

Copper Creek 15/03/2011 341381 5467764 7.23 887 16.0 

Copper Creek 15/03/2011 341486 5467774 7.43 834 16.0 

Copper Creek 15/03/2011 341481 5467754 6.75 1395 19.8 

Copper Creek 15/03/2011 341595 5467677 7.35 476 17.1 

Copper Creek 15/03/2011 341600 5467686 6.47 2000 22.9 

Copper Creek 15/03/2011 341848 5467821 7.87 992 15.9 

Coventry Creek 16/03/2011 344985 5472407 7.16 337 13.0 

Coventry Creek 16/03/2011 344453 5472391 7.37 626 14.6 

Coventry Creek 16/03/2011 343622 5472968 7.44 974 16.6 

Coventry Creek 16/03/2011 343421 5473390 7.58 1351 18.4 

Coventry Creek 16/03/2011 343377 5474659 7.87 1292 14.9 

Coventry Creek 16/03/2011 342713 5474338 7.75 254 20.7 

Coventry Creek 16/03/2011 342621 5474494 6.95 1542 18.7 

Coventry Creek 16/03/2011 342583 5474498 7.02 1539 18.2 

Coventry Creek 16/03/2011 342628 5474469 7.01 1366 18.4 

Coventry Creek 16/03/2011 341648 5475318 8.14 1350 17.5 

Devil spring 18/03/2011  341689  5467726 6.16 1996 22.0 
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Appendix E   

Piper diagrams – State of Rivers Reporting
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DR1 Duck River at Bass Highway (State of Rivers Report data 1999-2001) 
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DR7 Duck River at Lades Road (State of Rivers Report data 1999-2001) 

 

 

80 60 40 20 20 40 60 80

20

40

60

80

20

40

60

80

20

40

60

80

20

40

60

80

Ca Na+K HCO3 Cl

Mg SO4

<=Ca + M
g

Cl
 +

 S
O

4=
>

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

C

C

C

L Summer

L Winter

C Smithton Dolomite



Smithton Syncline Groundwater Management Area 

PAGE 141 

DR9 Allen Creek at Allendale Farm – Duck Plain (State of Rivers Report data 1999-2001) 
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DR12 Duck River at Huetts Road (State of Rivers Report data 1999-2001) 
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DR18 White Water Creek at Poilinna Road (State of Rivers Report data 1999-2001) 
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DR20 Duck River at Trowutta Road, Roger River (State of Rivers Report data 1999-2001) 
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 DR21  Roger River at Roger River Road (State of Rivers Report data 1999-2001) 
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DR25 Maguires Road (State of Rivers Report data 1999-2001) 

 

Roger River  SoRR Samples above and below Roger River Fault 
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State of River Reporting sites above Roger River Fault 
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Appendix F  

Monitoring bore logs and construction details 

Monitoring Bore:  AR1 

Location: Jaegers Rd, Roger River Easting: 329384 

Drilling Company: Gerald Spaulding Drillers Northing: 5449748 

Drilling Method: Down hole hammer Reduced Level: 36.45 

Bore Diameter: 140mm Datum:  GDA94 

Bore Depth 60 SWL (9/9/2011) 4.18 

Date Commenced: 6/9/2011   

Date Completed: 7/9/2011   

 

Depth Material Description Water Strike Comments 

0 - 2  Gravel, 2-10mm, angular quartz with some orange clay     

2 -3 Dolomite, grey.     

3 - 4  Gravel, Rounded -sub rounded quartzite 3-4m, 0.25-0.37 

L/sec 

EC 326, pH 6.42 

4 – 5.5  Dolomite, grey, fine grained, minor quartz veins and calcite infilling     

5.5 - 6 Cavity with some fine silt and fine grained sandstone     

6 - 18 Dolomite, slightly coarser with quartz veins 11.5m,  10 L/sec EC 294, pH 6.9, Temp 

12.0 

18 - 24 Dolomite, grey - cream coloured banding     

24 - 37 Dolomite, predominantly grey colour with quartz veins     

37 - 40 Cavity with rounded quartz gravel and cobbles (3-5 cm) and sand 36m, 0.5 L/sec   

40 - 49 Dolomite, predominantly grey colour with quartz veins     

49 - 53 Dolomite grey, occasional rounded pebbles (upto 5mm) and angular 

quartz 

    

53 – 56.5 Increase in cream coloured dolomite, no rounded pebbles or angular 

quartz 

    

56.5 - 60 Cavity - no return 57 - 60m,  33.75 

L/sec 

EC 498, pH 6.53, Temp 

12.0 

  End of Hole at 60m     

 

Construction Detail 

Pre Collar (m) 0 -12 300mm steel casing 

Casing (m) 0 - 47 PN12 100mm uPVC 

Screen (m) 47-59 PN12 100mm uPVC, 2mm aperture, 9 per 100mm 
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Monitoring Bore:  AR2 

Location: Lensons Road, Roger River Easting: 330207 

Drilling Company: Gerald Spaulding Drillers Northing: 5450701 

Drilling Method: Down hole hammer Reduced Level: 41.16 

Bore Diameter: 140mm Datum:  GDA94 

Bore Depth 60 SWL (9/9/2011) 3.19 

Date Commenced: 7/9/2011   

Date Completed: 8/9/2011   

 

Depth Material Description Water Strike Comments 

0 - 2.5 Clay, Brown, High plasticity     

2.5 - 4 Clay, Light grey, High plasticity     

4 - 9  Clay, Pale brown, High plasticity     

9 -12 Clay, Light grey, High plasticity     

12 - 18 Clay, Pale brown, High plasticity     

18 - 19 Clay, Light brown, High plasticity, with some dolomite fragments 

18 - 19m, 2.5 - 

3.75 L/sec 

EC 354, pH, 7.46, Temp 

16.0 

19 – 20.2 Dolomite, cream and grey coloured, slightly weathered     

20.2 - 

20.7 Cavity - non return     

20.7 - 24 Clay, Light brown, High plasticity     

24 - 29 Dolomite, cream coloured, mixed with red-brown iron stained siltstone 27m 

EC 605, pH 8.02, Temp 

12.2 

29 - 53 Dolomite, Iron staining increasing on dolomite chips 47.5m, very minor   

53 -54 Dolomite, light grey 53.8m, 18.75 L/sec EC 497, pH 8.13 

54 - 55 Dolomite, Brown, highly weathered, highly fractured, iron oxide staining     

55 - 60 Dolomite, cream coloured, no obvious iron staining     

  End of Hole at 60m     

 

Construction Details 

Pre collar (m) 0 - 30 300mm steel casing 

Casing (m) 0 - 48  PN12 100mm uPVC 

Screen (m) 48 - 60 PN12 100mm uPVC, 2mm apperature, 9 per 100mm 

Filter pack (m) 44 - 60 10mm rounded quartz 

Seal (m) 42 - 60 Bentonite chips 

Backfill (m) 25 - 42 cuttings 

Cement (m) 10 - 25 cement 
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Monitoring Bore: M1 Shallow 

 

Location: Hardmans Road, Mella Easting: 336032 

Drilling Company: DPIPWE Northing: 5477652 

Drilling Method: Rotary Auger Reduced Level: 11.14 

Bore Diameter: 100mm Datum: GDA94 

Bore Depth 7.0 SWL (6/5/2011) 1.67 

Date Commenced: 6/5/2011   

Date Completed: 6/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 0.5 Top soil 2.5m EC 1550, pH 7.07, Temp 14.4 

0.5 - 1 Sand, fine grained, light grey with clay 

  

1 - 7 

Sand, fine gained, dark brown, high organic content,with 

occasion bi-valve shells 

  

 

End of Hole 7.0m 

   

Construction Details 

Casing (m) 0 - 3.2 50mm Class 18 uPVC 

Screen (m) 3.2 - 6.2 0.4mm slotted Class 18 uPVC 

Filter pack (m) 2.5 - 6.2, 2.1 - 2.5 Natural pack, gravel 

Seal (m) 0 - 2.1 Bentonite 

 

 

Monitoring Bore: M2 Shallow 

 

Location: Mella Road, Mella Easting: 335566 

Drilling Company: DPIPWE Northing: 5473777 

Drilling Method: Rotary Auger Reduced Level: 20.16 

Bore Diameter: 100mm Datum: GDA94 

Bore Depth 5.0 SWL (5/5/2011) 1.86 

Date Commenced: 5/5/2011   

Date Completed: 5/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 0.5 Top soil     

0 - 5.0 silty Sand, fine - medium grained, Dark grey with minor clay 2 EC 845, pH 5.58, Temp 14.5 

  End of Hole 5.0 m     

 

Construction Details 

Casing (m) 0  - 3.5 50mm Class 18 uPVC 

Screen (m) 3.5 - 5.0 0.4mm slotted Class 18 uPVC 

Filter pack (m) 2.0 - 5, 1.5 - 2.0 Natural pack, gravel 

Seal (m) 0 - 1.5 Bentonite 
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Monitoring Bore:  Q1 

 

Location: Lades Road Easting: 340050 

Drilling Company: DPIPWE Northing: 5469904 

Drilling Method: Rotary Auger Reduced Level: 12.5 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 5.4 SWL (2/5/2011) 3.5 

Date Commenced: 2/5/2011   

Date Completed: 2/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 1.2 Top soil, dark brown     

1.2 - 2.5 Clay, brown, High plasticity, some minor quartz sand 4   

2.5 - 5.4 Sandy Clay, minor angular (2-3mm) dolomite     

  End of Hole 5.4m     

 

Construction Details 

Casing (m) 0 - 2.4 50mm Class 18 uPVC 

Screen (m) 2.4 - 5.4 0.4mm slotted Class 18 uPVC 

Filter pack (m) 4.0 - 5.4 , 0.5 - 4.0 Natural pack, gravel 

Seal (m) 0 - 0.5 Bentonite 

 

 

Monitoring Bore:  Q2 

 

Location: Lades Road Easting: 340037 

Drilling Company: DPIPWE Northing: 5469921 

Drilling Method: Rotary Auger Reduced Level: 13.1 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 5.2 SWL (2/5/2011) 4.4 

Date Commenced: 2/5/2011   

Date Completed: 2/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 1.0 Silty Clay, orange brown     

1 - 5 Sandy Clay, High plasticity clay, fine sand 4.5m   

  Refusal at 5.2m     

 

Construction Details 

Casing (m) 0 - 3.7 50mm Class 18 uPVC 

Screen (m) 3.7 - 5.2 0.4mm slotted Class 18 uPVC 

Filter pack (m) 4.5 -5.2, 1 - 4.5 Natural pack, gravel 

Seal (m) 0 - 1 Bentonite 
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Monitoring Bore:  Q3 

 

Location: Lades Road Easting: 340028 

Drilling Company: DPIPWE Northing: 5469936 

Drilling Method: Rotary Auger Reduced Level: 13.0 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 5.2 SWL (3/5/2011) 3.09 

Date Commenced: 3/5/2011   

Date Completed: 3/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 2.0 Silty Clay, orange brown     

2 - 4.8 Clay, Brown, High plasticity, trace fine dark angular sand 4.8   

4.8 - 5.2 Clay, Grey, Medium plasticity, inferred weathered dolomite     

  End of Hole 5.2m     

 

Construction Details 

Casing (m) 0 - 3.7 50mm Class 18 uPVC 

Screen (m) 3.7 - 5.2 0.4mm slotted Class 18 uPVC 

Filter pack (m) 4.5 -5.2, 1 - 4.5 Natural pack, gravel 

Seal (m) 0 - 1 Bentonite 

 

 

Monitoring Bore:  VDL1 

 

Location: Poilinna Road, Edith Creek Easting: 335314 

Drilling Company: DPIPWE Northing: 5461875 

Drilling Method: Rotary Auger Reduced Level: 25.57 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 5.0 SWL (4/5/2011) 2.55 

Date Commenced: 4/5/2011   

Date Completed: 4/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 0.5 Sand, fine grained, grey     

0.5 - 2.8 Sand, fine grained, brown with some brown clay bands     

2.8 - 5.0 Clay, grey, with some dolomite   Water strike not observed 

  Refusal at 5.0 m      

 

Construction Details 

Casing (m) 0 - 3.5 50mm Class 18 uPVC 

Screen (m) 3.5 - 5.0 0.4mm slotted Class 18 uPVC 

Filter pack (m) 1.0 -5.0 gravel 

Seal (m) 0 - 1 Bentonite 
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Monitoring Bore:  VDL2 

 

Location: Poilinna Road, Edith Creek Easting: 335297 

Drilling Company: DPIPWE Northing: 5461867 

Drilling Method: Rotary Auger Reduced Level: 24.81 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 6.0 SWL (4/5/2011) 1.62 

Date Commenced: 4/5/2011   

Date Completed: 4/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 2.0 Clay, Light brown, Medium plasticity withsome fine rounded sand     

2.0 - 3.5 Sandy Clay, Brown, medium - coarse angular sand, trace 2-3mm gravel     

3.5 - 5.5 Gravel, Some rounded and angluar fragements with fine dark sand 2.0m   

5.5 - 6.0 Dolomite, white and grey     

  End of Hole at 6.0     

 

Construction Details 

Casing (m) 0 - 4.0 50mm Class 18 uPVC 

Screen (m) 4.0 - 5.5 0.4mm slotted Class 18 uPVC 

Filter pack (m) 2.0 - 5.5, 1.0 -2.0 Natural pack, gravel 

Seal (m) 0 - 1 Bentonite 

 

 

Monitoring Bore:  VDL3 

 

Location: Poilinna Road, Edith Creek Easting: 335278 

Drilling Company: DPIPWE Northing: 5461861 

Drilling Method: Rotary Auger Reduced Level: 24.85 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 3.0 SWL (4/5/2011) 1.21 

Date Commenced: 4/5/2011   

Date Completed: 4/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 1.5 Clay, Light brown, Medium plasticity, with some fine sand     

1.5 - 3.0 Sandy Clay, Brown, medium - coarse angular sand,  1.5m   

3.0 Dolomite Bedrock     

  End of Hole at 3.0     

 

Construction Details 

Casing (m) 0 - 1.5 50mm Class 18 uPVC 

 Screen (m) 1.5 - 3.0 0.4mm slotted Class 18 uPVC 

 Filter pack (m) 1.5 - 3.0, 1.0 - 1.5 Natural pack, gravel 

 Seal (m) 0 - 1 Bentonite 
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Monitoring Bore:  NR1 

 

Location: Poilinna Road, Edith Creek Easting: 335350 

Drilling Company: DPIPWE Northing: 5461868 

Drilling Method: Rotary Auger Reduced Level: 24.98 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 4.5 SWL (4/5/2011) 2.29 

Date Commenced: 4/5/2011   

Date Completed: 4/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 1.8 Clay, Light brown, High plasticity with some fine sand     

1.8 - 4.5 

Sandy Clay, Brown, medium - coarse sand with trace angular 

gravel 2.0m   

4.5 End of Hole 4.5  Bed rock assumed     

 

Construction Details 

Casing (m) 0 - 3.0 50mm Class 18 uPVC 

Screen (m) 3.0 - 4.5 0.4mm slotted Class 18 uPVC 

Filter pack (m) 3.0 - 4.5, 1.0 - 3.0 Natural pack, gravel 

Seal (m) 0 - 1 Bentonite 

 

 

Monitoring Bore:  NR2 

 

Location: Poilinna Road, Edith Creek Easting: 335373 

Drilling Company: DPIPWE Northing: 5461872 

Drilling Method: Rotary Auger Reduced Level: 24.89 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 6.5 SWL (4/5/2011) 2.23 

Date Commenced: 4/5/2011   

Date Completed: 4/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 2.0 Clay, Light brown, trace sand     

2.0 - 6.0 Sandy Clay, Brown, medium - coarse sand with trace angular gravel 2.0m   

6.0 - 6.5 Inferred Dolomite Bedrock     

  End of Hole 6.5m     

 

Construction Details 

Casing (m) 0 - 4.5 50mm Class 18 uPVC 

Screen (m) 4.5 - 6.0 0.4mm slotted Class 18 uPVC 

Filter pack (m) 2.0 - 6.0, 1.0 - 2.0 Natural pack, gravel 

Seal (m) 0 - 1 Bentonite 
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Monitoring Bore:  NR3 

 

Location: Poilinna Road, Edith Creek Easting: 335394 

Drilling Company: DPIPWE Northing: 5461864 

Drilling Method: Rotary Auger Reduced Level: 24.89 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 8.0 SWL (4/5/2011) 2.35 

Date Commenced: 4/5/2011   

Date Completed: 4/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 2.0 Clay, Light Brown with some medium - coarse sand     

2.0 - 7.0 Sandy Clay, Brown. 2   

7.5 - 8.0 Dolomite, weathered     

  End of Hole 8.0m     

 

Construction Details 

Casing (m) 0 - 4.0 50mm Class 18 uPVC 

Screen (m) 4.0 - 7.0 0.4mm slotted Class 18 uPVC 

Filter pack (m) 2.0 - 7.0, 1.0 - 2.0 Natural pack, gravel 

Seal (m) 0 - 1 Bentonite 

 

 

Monitoring Bore:  South Bore 

 

Location: Off Bon Tier Road Easting: 319326 

Drilling Company: DPIPWE Northing: 5460696 

Drilling Method: Rotary Auger Reduced Level: 42.06 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 9.0 SWL (5/5/2011) 0.32 

Date Commenced: 5/5/2011   

Date Completed: 5/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 1.2 Clay, Medium plasticity, grey     

1.2 - 9.0 Clay, orange brown, High Plasticity. Occasional angular gravel 4 -10mm 2.0m   

  End of Hole 9.0m     

 

Construction Details 

Casing (m) 0 - 6.0,  8.0 - 9.0 50mm Class 18 uPVC 

Screen (m) 6.0 -8.0 0.4mm slotted Class 18 uPVC 

Filter pack (m) 2.0 - 9.0, 1.0 - 2.0 Natural pack, gravel 

Seal (m) 0 - 1 Bentonite 
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Monitoring Bore:  Northern Inlet 

 

Location: North of Bass Highway Easting: 316828 

Drilling Company: DPIPWE Northing: 5464702 

Drilling Method: Rotary Auger Reduced Level: 44.96 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 14.5 SWL (5/5/2011) 13.0 

Date Commenced: 5/5/2011   

Date Completed: 5/5/2011   

 

Depth Material Description Water Strike Comments 

0 - 1.5 Gravelly Clay, Brown, High plasticity, 3-6mm angular gravel     

1.5 - 3.5 Clay, Grey, medium plasticity, with some medium sand   

Water not encountered during 

drilling 

3 - 14.5 Clay, Light grey, High plasticity     

  End of Hole 14.5m     

 

Construction Details 

Casing (m) 0 - 7.0 50mm Class 18 uPVC 

Screen (m) 7.0 - 10.0 0.4mm slotted Class 18 uPVC 

Filter pack (m) 7.0 - 10.0, 2.0 - 7.0 Natural pack, gravel 

Seal (m) 2.0 - 7.0 Bentonite 

 

 

Monitoring Bore:  Western Bore 

 

Location: Eastern side of Dismal Road Easting: 317036 

Drilling Company: DPIPWE Northing: 5462557 

Drilling Method: Rotary Auger Reduced Level: 42.9 

Bore Diameter: 100mm Datum:  GDA94 

Bore Depth 6.0 SWL (5/5/2011) 3.2 

Date Commenced: 5/5/2011   

Date Completed: 5/5/2011   

 

Depth Material Description Water 

Strike 

Comments 

0 - 1.5 Clay, Orange-brown, with some siltstone (20-40mm) fragments     

1.5 - 3.5 

Clay, Brown, High plasticity, occasional mudstone-siltstone 

fragments 4.5 - 5.0 EC 488, pH 5.93, Temp 13.2 

3.5 - 6.0 End of Hole 6.0m     

 

Construction Details 

Casing (m) 0 - 2.5 50mm Class 18 uPVC 

Screen (m) 2.5 - 5.5 0.4mm slotted Class 18 uPVC 

Filter pack (m) 4.5 - 5.0, 1.0 - 4.5 Natural pack, gravel 

Seal (m) 0 - 1.0 Bentonite 
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Appendix G  

Connected Water Risk Assessment maps – Smithton Groundwater Management Area 
(from Sheldon 2011) 

 

Map 1.   Groundwater allocation risk (Extraction/recharge per Groundwater flow system (Latinovic et. al 
2003)). 
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Map 2.   Double allocation risk (unweighted surface water extraction/runoff and groundwater 

extraction/recharge per GFS).  
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Map 3.  Combined groundwater and surface water allocation risk, weighted according to connectivity.



Smithton Syncline Groundwater Management Area 
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